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A bs t r ac t
Background

Antiretroviral chemoprophylaxis before exposure is a promising approach for the
prevention of human immunodeficiency virus (HIV) acquisition.
Methods

We randomly assigned 2499 HIV-seronegative men or transgender women who have
sex with men to receive a combination of two oral antiretroviral drugs, emtricitabine
and tenofovir disoproxil fumarate (FTC–TDF), or placebo once daily. All subjects received HIV testing, risk-reduction counseling, condoms, and management of sexually transmitted infections.
Results

The study subjects were followed for 3324 person-years (median, 1.2 years; maximum,
2.8 years). Of these subjects, 10 were found to have been infected with HIV at enrollment, and 100 became infected during follow-up (36 in the FTC–TDF group and
64 in the placebo group), indicating a 44% reduction in the incidence of HIV (95%
confidence interval, 15 to 63; P = 0.005). In the FTC–TDF group, the study drug was
detected in 22 of 43 of seronegative subjects (51%) and in 3 of 34 HIV-infected subjects (9%) (P<0.001). Nausea was reported more frequently during the first 4 weeks
in the FTC–TDF group than in the placebo group (P<0.001). The two groups had
similar rates of serious adverse events (P = 0.57).
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Conclusions

Oral FTC–TDF provided protection against the acquisition of HIV infection among
the subjects. Detectable blood levels strongly correlated with the prophylactic effect.
(Funded by the National Institutes of Health and the Bill and Melinda Gates Foundation; ClinicalTrials.gov number, NCT00458393.)
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total of 2.7 million new infections
with the human immunodeficiency virus
(HIV) were diagnosed worldwide in 2008,
according to the Joint United Nations Program
on HIV/AIDS (UNAIDS). Combination antiretroviral therapy for patients with HIV infection restores health and may decrease the transmission
of the virus to uninfected partners.1 Therapy also
decreases mother-to-child transmission.2
Postexposure chemoprophylaxis is recommended after occupational or nonoccupational exposure to HIV-infected fluids.3 The use of such chemoprophylaxis requires that people recognize
when they might have been exposed to HIV and
that they start therapy within 72 hours. Both
challenges are substantial limitations to the use
of postexposure chemoprophylaxis.4,5
We selected emtricitabine (FTC) and tenofovir
disoproxil fumarate (TDF) combination therapy
in a single tablet (FTC–TDF) for evaluation of preexposure prophylaxis because of several favorable
characteristics.6 (Details are provided in the introduction in the Supplementary Appendix, available with the full text of this article at NEJM
.org.) The protective activity of FTC and TDF has
been shown in mice transplanted with human
immune cells7 and in nonhuman primates.8-10
In these studies, there were increased levels of
efficacy when both agents were used together,
as compared with the use of either agent alone.
The administration of the drug both before and
after exposure was important for maximizing the
protective benefit.11
Daily preexposure prophylaxis with oral TDF
had an acceptable side-effect profile in a trial involving West African women.12 A tenofovir 1%
vaginal gel reduced HIV infection rates by 39%
among women.13 Men and transgender women
who have sex with men are disproportionately affected by the global epidemic.14,15 Surveys of such
persons in the United States indicate that the
current use of preexposure prophylaxis is rare,
although the majority would consider such use if
evidence of safety and efficacy became available.16,17
In this multinational study, called the Preexposure Prophylaxis Initiative (iPrEx) trial, we aimed
to evaluate the safety and efficacy of once-daily
oral FTC–TDF as compared with placebo for the
prevention of HIV acquisition among men and
transgender women who have sex with men.
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Me thods
Protocol Development

We developed the concept and protocol for this
study using methods that came to be approved as
“good participatory practices” by UNAIDS.18 The
development of the protocol was sponsored by
the National Institute of Health’s Division of Acquired Immunodeficiency Syndrome (DAIDS).
The protocol was approved by national government public health authorities in Peru, Ecuador,
South Africa, Brazil, Thailand, and the United
States and by the ethics committee at each site.
All subjects provided written informed consent.
The study coordinator vouches for the fidelity of
the report to the protocol. The study protocol is
available at NEJM.org, and a detailed description
of the methods is provided in the Supplementary
Appendix.
Study Population and Randomization

Inclusion criteria were male sex at birth, an age
of 18 years or older, HIV-seronegative status, and
evidence of high risk for acquisition of HIV infection. Subject codes were randomly assigned in
blocks of 10, stratified according to site. The subject codes were assigned consecutively at the study
sites to eligible subjects at the time of the first
dispensation of a study drug. Serologic testing for
hepatitis B was performed at screening.
Study Visits

Study visits were scheduled every 4 weeks after
enrollment. Each 4-week visit included drug dispensation, pill count, adherence counseling, rapid
testing for HIV antibodies, and taking of a medical history. Chemical and hematologic analyses
were performed at weeks 4, 8, 12, 16, and 24 and
every 12 weeks thereafter. During screening,
a computer-assisted structured interview collected information about education level, self-identified sex, and alcohol use, along with subjects’
perceived study-group assignment at week 12.
High-risk behavior was assessed by interview every 12 weeks, and physical examinations and evaluations for sexually transmitted infections were
performed at least every 24 weeks. Visits through
May 1, 2010, are included in this report of the
primary analysis of safety and efficacy. The visit
cutoff date was set by the study sponsor without
any access to interim findings and was intended
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to ensure observation of the targeted number of
seroconversion events (85). The use of study drugs
was intensively monitored and promoted (for details, see Methods in the Supplementary Appendix).
Standard Prevention Interventions

At every scheduled visit, subjects received a comprehensive package of prevention services, including HIV testing, risk-reduction counseling,
condoms, and diagnosis and treatment of symptomatic sexually transmitted infections, including
gonorrhea and chlamydia urethritis, syphilis, and
herpes simplex virus type 2 (HSV-2). In addition,
at 24-week intervals, subjects were screened for
asymptomatic urethritis, syphilis, antibodies to
HSV-2, and genital warts and ulcers; treatment
was provided when indicated. Sexual partners
were offered treatment of sexually transmitted infections that were diagnosed in the subject. Subjects were linked to local prevention and treatment
services when required to receive standard-ofcare services. All subjects were instructed to protect themselves from HIV with conventional methods, since they were unaware of their study-group
assignment. Subjects who reported a recent
unprotected exposure to an HIV-infected partner were referred for postexposure prophylaxis
(at sites where such therapy was available), and
the administration of a study drug was temporarily suspended. Vaccination against hepatitis
B virus (HBV) was offered to all susceptible subjects.
Laboratory Testing

Testing for HIV antibody was performed on whole
blood with the use of two different rapid tests at
every scheduled visit, and reactive rapid tests were
tested with the use of Western blot analysis of
serum (Fig. S1 in the Supplementary Appendix).
Subjects with failed rapid tests were retested during the visit. HIV plasma RNA testing with the
use of an assay with a lower limit of quantitation
of 40 copies per milliliter was performed if seroconversion was detected within 12 weeks after
enrollment. RNA testing was also used to identify the first date of laboratory evidence of infection for the as-treated analysis. Testing for drugresistance genotyping and phenotyping was
performed with the use of clinically validated assays on the basis of the viral load at the seroconversion visit.
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Subgroup Analysis of Drug Levels

A prespecified subgroup analysis was performed
to investigate whether drug levels correlated with
protective effect. Subjects with HIV infection were
matched with two control subjects, one from each
study group who were selected from among seronegative subjects, according to study site (Fig. S5
in the Supplementary Appendix). Plasma was tested for the presence of FTC and tenofovir (TFV),
and peripheral-blood mononuclear cells were tested for FTC triphosphate (FTC-TP) and TFV diphosphate (TFV-DP), which are the active intracellular metabolites of FTC and TFV, respectively,
with the use of validated liquid chromatography
and tandem mass spectrometry assays.
Study Oversight

The study was designed by four of the investigators in collaboration with all the site investigators
and communities. DAIDS reviewers approved the
protocol, which was developed by the study investigators, and monitored the conduct of the
trial at study sites. The Bill and Melinda Gates
Foundation also provided funding but did not have
a role in protocol development or site monitoring. Gilead Sciences donated both FTC–TDF and
placebo tablets and provided travel-related support
for meetings conducted by non-Gilead investigators. The role of Gilead Sciences in the development of the protocol was limited to sections regarding the handling of the study drugs. Neither
Gilead Sciences nor any of its employees had a
role in the accrual or analysis of the data or in the
preparation of the manuscript. DAIDS agreed to
give Gilead 30 days to comment on the manuscript, but there was no agreement to accept suggestions. The first author wrote the first draft of
the manuscript (except for the drug-level sections,
which were drafted by another investigator) and
decided to submit the manuscript for publication.
The protocol statistician and data manager vouch
for the accuracy of the data, and the protocol chair
and site investigators vouch for the completeness
of the reported data.
Statistical Analysis

Data were collected on case-report forms and
faxed to a DataFax server at DF/Net Research. It
was determined that the observation of 85 incident HIV infections would yield a power of at
least 80% with a one-sided alpha level of 0.05 to
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reject a null hypothesis of efficacy of 30% or less
Figure 1 (facing page). Enrollment and Outcomes.
if the true efficacy were 60% or more. The modiThe most common laboratory abnormalities that led to
fied intention-to-treat analysis included available
exclusion were elevations in hepatic aminotransferase
data for all subjects except those with HIV RNA
levels, hyperbilirubinemia, and renal insufficiency. A total of 18 enrollees (0.7%) did not meet all eligibility cridetected in their enrollment sample. The as-treated
teria, including 2 subjects with preexisting diabetes
analysis used a time-dependent covariate indicamellitus, who were instructed to stop taking a study
tion as to whether the subject was known to fall
drug when the history was discovered. All enrolled subbelow the prespecified level of study-drug comjects, including those who were subsequently found to
pliance (50%) on any of the following: records of
be ineligible, were followed for HIV infection and safety.
Quarterly-visit attendance is shown. Visits were constudy-drug dispensation alone, pill-use calculation
sidered to have been completed if they occurred before
on the basis of study-drug dispensation and rethe subsequent visit window, with completion rates of
turns, and subjects’ self-report. For the as-treated
75 to 94% for all visits. The completion rate was more
analysis, pills from unreturned bottles were asthan 86% for all visits before week 132. Visits occurred
sumed to have been taken, and late visits were
within the protocol-defined window of ±5 days in 62 to
86% of visits.
included in the analysis if the last dispensation
allowed pill use on 50% or more of days. Safety
analyses included all subjects.
Supplementary Appendix). No subjects were told
their study-group assignment during the course of
the trial. A study drug was temporarily discontinR e sult s
ued in 21 subjects (8 in the FTC–TDF group and
Study Subjects
13 in the placebo group) so that they could reOf 4905 subjects who were screened, 2499 were ceive postexposure prophylaxis for HIV (P = 0.28).
The rate of self-reported pill use was lower in
enrolled in the study from July 10, 2007, through
December 17, 2009, at 11 sites in six countries the FTC–TDF group than in the placebo group at
(Fig. 1). The baseline characteristics of the two week 4 (mean, 89% vs. 92%; P<0.001) and at week
study groups were similar (Table 1). All subjects 8 (mean, 93% vs. 94%; P = 0.006) but was similar
were born male, although 29 (1%) reported their thereafter (mean, 95% in the two groups). At each
current gender identity as female. The ages of the visit, a portion of subjects (approximately 6%) did
subjects ranged from 18 to 67 years; the FTC– not report the number of pills missed. The perTDF group was on average 9 months older than centage of pill bottles returned was 66% by 30
the placebo group (mean age, 27.5 vs. 26.8 years; days and 86% by 60 days. The rate of pill use that
was estimated according to pill count also inP = 0.04).
Among HBV-susceptible subjects at screening, creased during the first 8 weeks and then re94% accepted HBV vaccination. We enrolled 13 mained stable at a median ranging from 89 to
subjects with chronic HBV infection that was de- 95%, depending on whether pills from unreturned
tected at screening, and acute HBV infection was bottles were counted as having been taken or
reported as an adverse event in 3 additional sub- not taken. On the basis of pill-dispensation dates
jects (2 in the FTC–TDF group and 1 in the pla- and quantities, the rate of pill use decreased durcebo group) after enrollment when elevated liver ing the first year, from 99% to 91%, a trend that
aminotransferase levels were observed. All the contrasted with pill counts and self-report, which
HBV infections resolved with detectable levels of indicated an increased rate of use.
immunity.
Sexual Practices
Follow-up and Adherence

The cohort was followed for 3324 person-years
with a variable duration of observation (median,
1.2 years; maximum, 2.8 years) (Fig. 1). There were
no significant trends in visit completion rates over
time. Most subjects said they did not know their
study-group assignment at week 12, and those
who guessed their assignment were evenly distributed between the two groups (Table S3 in the
2590
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Sexual practices were similar in the two groups
at all time points (P = 0.97) (Fig. S2 in the Supplementary Appendix). The total numbers of sexual
partners with whom the respondent had receptive anal intercourse decreased, and the percentage
of those partners who used a condom increased
after subjects enrolled in the study. There were
no significant between-group differences in the
numbers of subjects with syphilis (P = 0.49), gon-
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4905 Subjects were screened

1564 (32%) Were ineligible
410 Were HIV-positive
405 Had ineligible laboratory results
247 Were at low risk for HIV
502 Had other reasons
842 (17%) Were eligible but were
not enrolled

2499 (51%) Underwent randomization

1251 (50%) Were assigned to
FTC–TDF

1248 (50%) Were assigned to placebo

25 Did not have a follow-up
HIV test

23 Did not have a follow-up
HIV test

1226 (98%) Were followed

1225 (98%) Were followed

Quarterly-visit attendance
Wk 12
Wk 24
Wk 36
Wk 48
Wk 60
Wk 72
Wk 84
Wk 96
Wk 108
Wk 120
Wk 132
Wk 144

1075/1194
984/1116
882/1019
759/880
642/719
516/582
415/464
343/384
258/283
147/157
70/75
6/8

Quarterly-visit attendance

90%
88%
87%
86%
89%
89%
89%
89%
91%
94%
93%
75%

Wk 12
Wk 24
Wk 36
Wk 48
Wk 60
Wk 72
Wk 84
Wk 96
Wk 108
Wk 120
Wk 132
Wk 144

1098/1203
989/1130
901/1025
783/886
624/706
517/572
397/460
331/378
252/275
136/150
62/66
4/5

2 Were infected at
enrollment

91%
88%
88%
88%
88%
90%
86%
88%
92%
91%
94%
80%

8 Were infected at
enrollment

1224 Were followed for seroconversion

1217 Were followed for seroconversion

199 (16%) Were not in the study
during follow-up
87 (7%) Were not able to be contacted
51 (4%) Relocated
41 (3%) Withdrew consent
11 (1%) Were withdrawn by investigator
1 (<1%) Died
8 (1%) Had other reason

182 (15%) Were not in the study
during follow-up
55 (5%) Were not able to be contacted
59 (5%) Relocated
46 (4%) Withdrew consent
5 (<1%) Were withdrawn by
investigator
4 (<1%) Died
13 (1%) Had other reason
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Table 1. Baseline Characteristics of the Subjects.*
Characteristic
FTC–TDF (N = 1251)
Age group — no. (%)
18–24 yr
591 (47)
25–29 yr
274 (22)
30–39 yr
249 (20)
≥40 yr
137 (11)
Education level — no. (%)
Less than secondary
279 (22)
Completed secondary
430 (34)
Postsecondary
525 (42)
No answer or missing data
17 (1)
Race or ethnic group — no. (%)†
Black
117 (9)
White
223 (18)
Mixed race or other
849 (68)
Asian
62 (5)
Hispanic
900 (72)
No. of alcoholic drinks (on days when subject drank in past month) — no. (%)
0
206 (16)
1–4 per day
348 (28)
≥5 per day
666 (53)
No answer or missing data
31 (2)
City and country of residence — no. (%)
Lima, Peru
470 (38)
Iquitos, Peru
230 (18)
Guayaquil, Ecuador
150 (12)
Rio de Janeiro
147 (12)
São Paulo
39 (3)
San Francisco
70 (6)
Boston
43 (3)
Chiang Mai, Thailand
57 (5)
Cape Town, South Africa
45 (4)
Sexual risk factors at screening
No. of partners in past 12 wk
18±35
Unprotected receptive anal intercourse in past 12 wk — no. (%)
732 (59)
Unprotected anal intercourse with partner with positive or unknown HIV
992 (79)
status in past 6 mo — no. (%)
Transactional sex in past 6 mo — no. (%)
517 (41)
Known partner with HIV in past 6 mo — no. (%)
23 (2)
Sexually transmitted infections diagnosed at screening
Syphilis seroreactivity — no./total no. (%)
164/1240 (13)
Serum herpes simplex virus type 2 — no./total no. (%)
458/1241 (37)
Urine leukocyte esterase positive — no. (%)
23 (2)
Hepatitis B virus status — no. (%)
Susceptible
827 (66)
Immune because of natural infection
247 (20)
Immune because of previous vaccination
149 (12)
Current infection with hepatitis B virus
7 (1)
Indeterminate
21 (2)

Placebo (N = 1248)

P Value
0.04

662 (53)
241 (19)
224 (18)
121 (10)
0.26
244 (20)
453 (36)
539 (43)
12 (1)
0.40
97 (8)
208 (17)
878 (70)
65 (5)
906 (73)

0.72
0.66

184 (15)
345 (28)
687 (55)
32 (3)
1.00
470 (38)
230 (18)
150 (12)
147 (12)
37 (3)
70 (6)
44 (4)
57 (5)
43 (3)
18±43
753 (60)
1009 (81)

0.51
0.37
0.34

510 (41)
32 (3)

0.84
0.22

162/1239 (13)
430/1243 (35)
22 (2)

0.95
0.24
1.00
0.11

803 (64)
222 (18)
190 (15)
6 (<1)
27 (2)

* Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. FTC–TDF denotes emtricitabine and tenofovir disoproxil fumarate.
† Race or ethnic group was self-reported.
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Table 2. Adverse Events.*
Adverse Event

FTC–TDF (N = 1251)

Any adverse event
Any serious adverse event

Placebo (N = 1248)

P Value†

no. of
patients (%)

no. of
events

no. of
patients (%)

no. of
events

867 (69)

2630

877 (70)

2611

0.50

60 (5)

76

67 (5)

87

0.57

Any grade 3 or 4 event

151 (12)

248

164 (13)

285

0.51

Grade 3 event

110 (9)

197

117 (9)

225

0.65

Grade 4 event

41 (3)

51

47 (4)

60

0.57
0.08

Elevated creatinine level

25 (2)

28

14 (1)

15

Headache

56 (4)

66

41 (3)

55

0.10

Depression

43 (3)

46

62 (5)

63

0.07

Nausea

20 (2)

22

Unintentional weight loss (≥5%)

27 (2)

34

14 (1)

Diarrhea

46 (4)

49

Bone fracture

15 (1)

16
1

Death

1 (<1)‡

9 (<1)

10

0.04

19

0.04

56 (4)

61

0.36

11 (<1)

12

0.41

4 (<1)

4

0.18

Discontinuation of study drug
Permanently

25 (2)

26

27 (2)

33

0.82

Permanently or temporarily

79 (6)

99

72 (6)

92

0.49

* A listing of all laboratory abnormalities and clinical adverse events of grade 2 or higher that were reported in 25 or
more subjects (1%) is provided in Tables S9 and S10 in the Supplementary Appendix. FTC–TDF denotes emtricitabine
and tenofovir disoproxil fumarate.
† P values were calculated by the log-rank test.
‡ This death was due to a motorcycle accident.

orrhea (P = 0.74), chlamydia (P = 0.43), genital warts in the placebo group. All elevations in the serum
(P = 0.53), or genital ulcers (P = 0.62) during follow- creatinine level resolved after the discontinuation
of a study drug, within 4 weeks in 3 subjects, withup (Table S4 in the Supplementary Appendix).
in 12 weeks in 1 subject, and within 20 weeks in
Safety
1 subject. Four of the subjects resumed taking
In testing for elevations in serum creatinine levels, FTC–TDF without recurrence of the elevation.
Moderate nausea (grade 2 and above) was rethere were 41 instances of elevations that were at
least 1.1 times the upper limit of the normal range ported more frequently in the FTC–TDF group
or more than 1.5 times the baseline level. Of these than in the placebo group (22 vs. 10 events,
elevations, 26 (2%) were in the FTC–TDF group P = 0.04), as was unintentional weight loss of 5%
and 15 (1%) were in the placebo group (P = 0.08). or more (34 vs. 19 events, P = 0.04) (for details, see
Two of these elevations increased in grade, ac- Table S10 in the Supplementary Appendix).
counting for a total of 43 creatinine adverse
events (Table 2, and Table S9 in the Supplemen- Effect of FTC–TDF on HIV Acquisition
tary Appendix). Overall, 18 creatinine elevations HIV rapid testing was performed at 39,613 visits,
(44%) remained in the normal range, and 36 during which there were false reactive tests for
(88%) were not confirmed on the next test. A total 3 subjects at 7 visits; each subject had multiple
of 10 elevations led to discontinuation of a study negative tests afterward. HIV seroconversion was
drug (7 in the FTC–TDF group and 3 in the pla- observed in 110 persons, of whom 10 had plasma
cebo group); study drugs were restarted in 9 sub- HIV RNA subsequently detected in specimens objects. Serum creatinine levels were elevated at tained at the enrollment visit. A finding of fewer
more than one consecutive test in 5 subjects in the than 40 copies per milliliter of plasma HIV RNA
FTC–TDF group (<1%) and in none of the subjects was documented for the other 100 HIV-infected
n engl j med 363;27
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Figure 2. Kaplan–Meier Estimates
of Time
to HIV Infection (Modified Intention-to-Treat
Population).
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a relative reduction 32 to 74) ISSUE:
of 44% in incidence in the modified intention-to- tween-group difference in protection on the batreat population (95% confidence interval [CI], 15 sis of region, race or ethnic group, male circumto 63; P = 0.005) (Fig. 2). After adjustment for the cision, level of education, alcohol use, or age. In
difference in age between the two groups, the post hoc analyses, pill use on 90% or more of days
efficacy was 43% (95% CI, 14 to 62). The rate of was recorded at 49% of visits on which efficacy
pill use on 50% or more of days was recorded on was 73% (95% CI, 41 to 88; P<0.001). Among all
the basis of pill counts, self-report, and dispensa- subjects, without exclusion for HIV infection at
tion records at 81% of visits on which efficacy enrollment or the degree of compliance to the
was 50% (95% CI, 18 to 70; P = 0.006). This rate drug regimen, the efficacy was 47% (95% CI, 22
did not differ significantly (P = 0.48) from the ef- to 64; P = 0.001).
Among the 10 subjects in whom plasma HIV
ficacy at visits with less than 50% pill use of 32%
(95% CI, −41 to 67%) (Fig. 3). Efficacy of less than RNA was subsequently detected in specimens
30% could not be ruled out in the modified inten- obtained at enrollment, 5 had symptoms of an
tion-to-treat analysis (P = 0.15) or in the prespeci- acute viral syndrome at enrollment, 2 had sympfied as-treated analysis at 50% pill use (P = 0.09). toms 1 week later (prompting an interim study
There was no evidence of a change in HIV efficacy visit), 1 had an anal sore, and 2 had leukopenia
with longer follow-up (P = 0.44).
at enrollment. In these subjects, the clinicians
In prespecified analyses of efficacy according did not suspect acute HIV infection, because the
to subgroup, efficacy was higher among subjects symptoms were attributed to an upper respira2594
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0.70 (0.39–1.2)

0.001
0.005
0.48

0.02

0.36

0.16

0.79

0.62

0.01

0.38

0.22

0.32

0.01

0.10

1.00

FTC–TDF Better

10.00

Placebo
Better

Figure 3. HIV Incidence among Subjects AUTHOR:
ReceivingGrant
FTC–TDF, According to Subgroup.
RETAKE:
1st
2nd ratio. Hazard ratios of less than 1 indiThe efficacy of emtricitabine and tenofovir disoproxil fumarate (FTC–TDF) is 1 minus the hazard
FIGURE: 3 of 4
3rd
cate efficacy, and 95% confidence intervals (shown by horizontal lines) that do not cross 1 indicate
significant evidence of efficacy. All
Revised
subgroup analyses were prespecified except
for testing
for herpes simplex virus type 2 (HSV-2) at screening and pill use at the rate of
ARTIST:
ts
SIZE
90%. P values for the intention-to-treat analysis and the modified intention-to-treat analysis
7 col apply to the hypothesis of any evidence of
Combo
4-C
H/T
TYPE: Line
36p6
efficacy; P values for other comparisons refer to the hypothesis that efficacy differed between the two strata. NA denotes not applicable,
and URAI unprotected receptive anal intercourse.
AUTHOR, PLEASE NOTE:
Figure has been redrawn and type has been reset.
Please check carefully.

JOB: 36401

tory tract infection, sinusitis, or other non-HIV
cause.
Of the preexisting HIV infections at enrollment, two occurred in the FTC–TDF group and
eight in the placebo group (P = 0.06). Among subjects who were infected after enrollment, the
numbers with detectable plasma HIV RNA before seroconversion were 5 of 36 (14%) in the
FTC–TDF group and 7 of 64 (11%) in the placebo
n engl j med 363;27

ISSUE: 01-06-11

group (P = 0.75). The time to seroconversion after RNA detection was similar in the two groups
(P = 0.55). After the discontinuation of a study
drug, seroconversion rates were similar among
320 subjects (161 in the FTC–TDF group and 159
in the placebo group) (P = 0.42). These subjects
had a total of 1173 visits for HIV testing after
the discontinuation of a study drug (642 in the
FTC–TDF group and 531 in the placebo group).
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During these visits, 5 seroconversions were ob- trol subjects (51%) (Fig. 4). Of the 3 HIV-infected
JOB: 36401
ISSUE:
served (2 in the FTC–TDF group
and 3 in the pla- subjects with
a 01-06-10
detectable level of a study drug,
cebo group).
none had cell-associated drug levels higher than
the median for the 22 seronegative control subDrug-Level Detection and Prophylactic
jects in whom a study-drug component was deEffect
tected. Only 8% of subjects with HIV infection
Among subjects who became infected with HIV, and 54% of control subjects who were considered
the median time between the tested specimen “on treatment” on more than 50% of days had a
date and the last uninfected visit was 35 days (in- detectable level of a study drug in plasma or peterquartile range, 28 to 56). No drug was detected ripheral-blood mononuclear cells (Table S8 in the
in any plasma or cell specimens from subjects in Supplementary Appendix). Detection of the differthe placebo group. Among subjects in the FTC– ent drug components was more than 95% concorTDF group, at least one of the study-drug compo- dant (Table S6 in the Supplementary Appendix).
nents was detected in 3 of 34 subjects with HIV
In the FTC–TDF group, among subjects with
infection (9%) and in 22 of 43 seronegative con- a detectable study-drug level, as compared with
2596

n engl j med 363;27

nejm.org

december 30, 2010

The New England Journal of Medicine
Downloaded from nejm.org on April 4, 2017. For personal use only. No other uses without permission.
Copyright © 2010 Massachusetts Medical Society. All rights reserved.

Preexposure Chemoprophylaxis for HIV Prevention

those without a detectable level, the odds of HIV
infection were lower by a factor of 12.9 (95% CI,
1.7 to 99.3; P<0.001), corresponding to a relative
reduction in HIV risk of 92% (95% CI, 40 to 99;
P<0.001). After adjustment for reported unprotected receptive anal intercourse, the relative risk reduction was 95% (95% CI, 70 to 99; P<0.001).
Effect of FTC–TDF on HIV Infection

Plasma HIV RNA levels and CD4+ T-cell counts
were similar among subjects with seroconversion
in the two groups (Fig. S4 in the Supplementary
Appendix). Among the 10 subjects who were infected at enrollment, 3 had FTC-resistant infections (2 of 2 in the FTC–TDF group and 1 of 8 in
the placebo group) (Table S5 in the Supplementary Appendix). No TDF-resistant infections were
observed. Among 36 subjects in the FTC–TDF
group and 64 subjects in the placebo group who
became infected with HIV during the trial, no
FTC or TDF resistance was detected.

Discussion
Once-daily oral FTC–TDF provided 44% additional protection from HIV among men or transgender women who have sex with men who also received a comprehensive package of prevention
services. The protective effect of FTC–TDF was
significant but not as high as originally hypothesized during the design of the study. Although
reported pill use was high, drug exposure that was
measured objectively was substantially lower. The
intracellular assay that was used in this study is
expected to detect TFV-DP for 14 days or more
after the last dose of TDF is taken (see Methods
in the Supplementary Appendix). Other evidence
of low drug exposure included the lack of drug
resistance observed among emergent infections
and the absence of suppression of the HIV RNA
level in plasma at the seroconversion visit. There
was no evidence of delayed seroconversion among
subjects who were infected in the FTC–TDF group.
More information will be available after the entire cohort stops receiving the study drug.
The estimate of biologic activity of FTC–TDF
persists after adjustment for high-risk sexual
practice, suggesting that the correlation between
drug detection and protection is primarily due to
the drug and not to other characteristics of subjects that may link poor adherence with higher
risk. The testing of a larger number of specimens,
from more subjects at more times, is needed to
n engl j med 363;27

better define the minimum protective drug concentration. Protective drug levels may differ according to the type of exposure (rectal vs. penile).
Drug level may have a role in monitoring trials,
programs, and individual users. Methods for inexpensively measuring long-term drug exposure,
such as that afforded by analysis of hair,19 would
be helpful once such a method is fully validated.
Side effects may have contributed to low pill
use among some subjects. As with treatment of
HIV infection and the use of FTC–TDF in postexposure prophylaxis,20 the initiation of FTC–TDF
preexposure prophylaxis was associated with selflimited start-up symptoms in a few subjects. The
trial design involving a placebo may also have
contributed to lower-than-expected pill use. All
subjects were counseled that the study pill might
be a placebo or an active drug having no proven
benefit. Open-label research and program development could provide users with clearer information about expected benefits and risks, which
might increase the use and efficacy of preexposure prophylaxis. Engagement with communities
and additional behavioral research are needed to
develop methods of counseling that better support such use.
The initiation of chemoprophylaxis either before or after exposure should be deferred in patients with signs or symptoms of a viral syndrome,
which are often present during acute HIV infection.21,22 The initiation of postexposure prophylaxis in patients who are RNA-positive but antibody-negative has been linked with acquisition of
resistance to FTC and lamivudine (3TC),5 as occurred in subjects in the FTC–TDF group who
were already infected at enrollment in our trial.
Ways to increase recognition of acute HIV infection would include routine measurement of body
temperature and testing for HIV antibodies to
evaluate viral syndromes, regardless of whether
the presentation suggests HIV infection or another cause. Testing for HIV RNA at the time of
the initiation of preexposure prophylaxis should
be considered where available.
TDF treatment is known to cause decreases in
renal function,23 and there were trends toward
more creatinine elevations in the FTC–TDF group
than in the placebo group. Most creatinine elevations were self-limited and were not confirmed
on repeat testing of a new specimen, as might occur due to dehydration, creatine use, or exercise.
The ability to detect safety outcomes, including
drug resistance, may have been decreased by
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lower-than-expected drug exposure. In light of
evidence of the efficacy of FTC–TDF, more information is needed about possible subclinical effects that may affect bone mineral density, lowlevel drug resistance, and proximal renal tubular
function. Flares of hepatitis caused by HBV after
stopping preexposure prophylaxis with TDF were
not seen in West African women,12 but more information is needed. These issues are being investigated in existing trials of preexposure prophylaxis.
Reported high-risk behavior decreased substantially after enrollment and remained lower than
at baseline during the trial. Safer behavior was
also observed in a trial of preexposure prophylaxis with TDF in West African women12 and may
reflect the services (e.g., counseling, testing, and
dispensing of condoms) that are provided as part
of such interventions. In addition, taking a pill a
day may have served as a daily reminder of imminent risk and may have promoted planning for
sex, which has been associated with lower HIV
risk.24 Behavioral changes during future openlabel use of preexposure prophylaxis may differ
because of an increased expectation of benefits,
although such “risk compensation” was not observed during an open-label study of postexposure prophylaxis, during which benefits were expected.25
The optimal regimen for preexposure prophylaxis has not been established, and data from the
subjects in our study cannot be applied to other
populations. Alternative regimens in different populations are being studied. (Details are available
in the Discussion in the Supplementary Appendix and at www.avac.org.)
In our study, preexposure prophylaxis with
oral FTC–TDF among men and transgender women who have sex with men addressed an important unmet need in public health. HIV prevalence
is higher in this population than in other groups
in almost all countries.14 In the United States,
rates of HIV infection among such men and
transgender women have climbed since the early
1990s, affecting in particular black and Hispanic
subpopulations.26 Intensive counseling in behavioral risk reduction for such subjects has not been
shown to be better than standard counseling.27
Although male circumcision partially protects het-

of

m e dic i n e

erosexual men,28-30 penile circumcision is not expected to protect those who are exposed on the
rectal mucosa.31 Heterosexual women were partially protected by tenofovir 1% vaginal gel,13 but
the safety and utility of tenofovir topical gels for
rectal use is not yet known. In the FTC–TDF group,
there was increased efficacy among subjects who
reported having unprotected receptive anal intercourse, which is the main mode of HIV transmission among the subjects in our study and increases the risk of heterosexual women who
engage in the practice.32 We showed that such
subjects with a high risk of exposure to HIV can
be mobilized to participate in prevention initiatives and that preexposure prophylaxis is effective
for slowing the spread of HIV in this population.
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