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Abstract

Importance—Antiretroviral pre-exposure prophylaxis (PrEP), using tenofovir disoproxil
fumarate and combination tenofovir disoproxil fumarate / emtricitabine, is efficacious for
prevention of HIV acquisition. PrEP could reduce periconception HIV risk, but the effect on
pregnancy outcomes is not well defined.

Objective—To assess pregnancy incidence and outcomes among women using PrEP during the
periconception period.

Design—Randomized trial among 1785 HIV serodiscordant heterosexual couples (the Partners
PrEP Study) in which the female partner was HIV uninfected that demonstrated that PrEP was
efficacious for HIV prevention, conducted between July 2008 and June 2013 at 9 sites in Kenya
and Uganda.
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Intervention—Daily oral tenofovir disoproxil fumarate (TDF) (n=598), combination tenofovir
disoproxil fumarate and emtricitabine (TDF-FTC) (n=566), or placebo (n=621) through July 2011,
when PrEP demonstrated efficacy for HIV prevention; thereafter, participants continued receiving
active PrEP, without placebo. Pregnancy testing occurred monthly and study medication was
discontinued upon pregnancy detection.

Main Outcomes—Pregnancy incidence, birth outcomes (pregnancy loss, preterm birth,
congenital anomalies), infant growth.

Results—A total of 431 pregnancies occurred. Pregnancy incidence was 10.0 per 100 person-
years among women assigned placebo, 11.9 among those assigned TDF (incidence difference 1.9,
95% confidence interval [CI] —-1.1-4.9, p=0.22 versus placebo), and 8.8 among those assigned
TDF-FTC (incidence difference —1.3, 95% CI -4.1-1.5, p=0.39 versus placebo). Prior to
discontinuation of the placebo treatment group in July 2011, the occurrence of pregnancy loss (96
of 288 pregnancies), was 42.5% for women receiving TDF-FTC compared with 32.3% for those
receiving placebo (difference for TDF-FTC versus placebo 10.2%, 95% CI —5.3-25.7, p=0.16)
and was 27.7% for those receiving TDF alone (difference versus placebo —4.6%, 95% CI —-18.1—
8.9, p=0.46). After July 2011, the frequency of pregnancy loss (52 of 143 pregnancies) was 37.5%
for TDF-FTC and 36.7% for TDF alone (difference 0.8%, 95% Cl -16.8-18.5, p=0.92). Preterm
birth and congenital anomalies did not differ significantly for those who received PrEP versus
placebo. Infants born to women randomized to PrEP had growth throughout the first year of life
not statistically different than placebo and with point estimates that did not suggest growth
restriction.

Conclusions and Relevance—Among HIV serodiscordant heterosexual African couples,
differences in pregnancy incidence, birth outcomes, and infant growth were not statistically
different for women receiving PrEP with TDF alone or combination TDF-FTC compared to
placebo at the time of conception. Given that PrEP was discontinued when pregnancy was
detected and that confidence intervals for the birth outcomes were wide, definitive statements
about safety of PrEP in the periconception period cannot be made. These results should be
discussed with HIV uninfected women receiving PrEP who are considering becoming pregnant.
(ClinicalTrials.gov number, NCT00557245)

Keywords
pre-exposure prophylaxis; HIV; pregnancy

Introduction

Antiretroviral pre-exposure prophylaxis (PrEP), as daily oral tenofovir disoproxil fumarate
and co-formulated emtricitabine/tenofovir disoproxil fumarate, has been demonstrated to be
efficacious for the prevention of HIV acquisition in diverse populations.1=3 PrEP could be
an important component of safer conception strategies for women at risk for HIV infection,
including those in HIV serodiscordant couples (i.e., in which one member is HIV infected
and the other uninfected), particularly if the infected partner is not eligible for, willing, or
able to take antiretroviral treatment.* ® Efforts to implement PrEP as a public health strategy
for HIV prevention in heterosexual populations will be accompanied by PrEP exposure
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during conception and pregnancy, either inadvertently for women with unrecognized early
pregnancy or intentionally as part of reducing HIV risk during conception, and thus
understanding the safety of PrEP in the periconception period is a priority.

Tenofovir disoproxil fumarate and emtricitabine are pregnancy category B medications, with
no evidence of teratogenicity in animal experiments and in observational studies of
humans.® However, as with most medications, few data from controlled human studies in
pregnancy are available. Renal and bone toxicity are known potential adverse effects of
tenofovir disoproxil fumarate in HIV infected children and adults using tenofovir disoproxil
fumarate as part of long-term combination antiretroviral treatment.”-% Observational studies
of HIV infected women using tenofovir disoproxil fumarate compared to other antiretroviral
agents during pregnancy have generally indicated safety, although some data suggest slight
growth restriction in infants born to women using tenofovir disoproxil fumarate.10-12

To date, PrEP use during conception among HIV uninfected women has not been studied
systematically. Within a randomized, placebo-controlled trial of PrEP for HIV prevention
among HIV serodiscordant couples, we assessed pregnancy incidence and outcomes for HIV
uninfected women and growth and renal function during the first year of life for their
infants.

Study population and procedures

Between July 2008 and November 2010, 4747 heterosexual HIV serodiscordant couples
from 9 sites in Kenya and Uganda were enrolled and followed in the Partners PrEP Study, a
phase 111, randomized, double-blind, placebo-controlled, three-group trial of tenofovir
disoproxil fumarate and emtricitabine/tenofovir disoproxil fumarate PrEP. Study sites were
selected based on prior experience in similar research, community linkages, and linkages to
HIV care providers; the design and primary safety and efficacy outcomes of the trial have
been reported.l: 13

Eligible couples were =18 years of age, sexually active, and planned to remain in the
relationship for the duration of the study. HIV uninfected participants had normal renal,
hepatic, and hematologic function and were not infected with hepatitis B. They were
randomized in a 1:1:1 fashion to daily oral tenofovir disoproxil fumarate (300 mg),
emtricitabine/tenofovir disoproxil fumarate (200 mg/300 mg), or placebo. At monthly
follow-up visits for up to 36 months, participants received individualized adherence
counseling, HIV testing, and a month’s supply of study medication. At the time of
enrollment, HIV infected partners did not meet Kenyan or Ugandan guidelines for initiation
of antiretroviral therapy (generally, CD4 counts <350 cells/uL or symptomatic HIV-1
disease) and were not receiving antiretroviral therapy; they were followed quarterly and
actively referred for antiretroviral therapy initiation if they became eligible during follow-
up. At each study visit participants received a package of HIV prevention services, including
risk-reduction counseling, couples counseling, and condoms.
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In July 2011, the trial’s independent Data and Safety Monitoring Board recommended
discontinuation of the placebo group and public report of the results due to demonstration of
the efficacy and safety of PrEP for HIV prevention in the study population. In the primary
analysis of HIV prevention efficacy, both tenofovir disoproxil fumarate (hazard ratio [HR]
0.33, 95% confidence interval [CI] 0.19-0.56, p<0.001) and emtricitabine/tenofovir
disoproxil fumarate (HR 0.25, 95% CI 0.13-0.45, p<0.001) reduced HIV incidence
compared to placebo; the frequency of key safety outcomes did not differ significantly
across the study groups.! Retention and adherence to PrEP were high, and subset analyses
demonstrated high PrEP adherence and HIV protection efficacy among women.14 After July
2011, the active PrEP were continued, and subjects originally assigned placebo were offered
re-randomization (in a 1:1 ratio) to the active PrEP arms.15 Provision of active PrEP to study
population was done to gain additional blinded information on the relative efficacy and
safety of PrEP using tenofovir disoproxil fumarate versus emtricitabine/tenofovir disoproxil
fumarate while also providing PrEP to participants for a period after the trial, in accordance
with international guidance regarding access to effective biomedical prevention
interventions against HIV.15-17 Thus, after July 2011, all participants were receiving either
tenofovir disoproxil fumarate or emtricitabine/tenofovir disoproxil fumarate, in a blinded
fashion, for a period for up to 12 months; follow-up on study product concluded in
December 2012, with additional follow-up thereafter of pregnant women.

Pregnancy among HIV uninfected women

The safety of PrEP in HIV uninfected women who became pregnant was defined in the
study protocol as a secondary objective of the trial. At the time of enrollment, HIV
uninfected women were not pregnant, breastfeeding, or intending to become pregnant. They
were counseled on the available safety data for use of emtricitabine and tenofovir disoproxil
fumarate in pregnancy and advised to use contraception. Contraceptive counseling was
provided at each visit and contraceptives (oral contraceptive pills, injectable depot
medroxyprogesterone acetate, intrauterine devices, hormonal implants, as well as condoms)
were offered on-site at no cost; however, contraceptive use was not a requirement for trial
participation and effective contraception was used at ~55% of follow-up visits.18 Urine p-
hCG pregnancy tests were performed at enrollment and at each monthly visit,13 and study
medication was discontinued in the event of pregnancy, for the duration of pregnancy and
breastfeeding. Given the sensitivity of monthly pregnancy testing, the study team estimated
that the duration of study medication exposure in the event of pregnancy would be
approximately 6 weeks or less. Pregnant women were referred for antenatal care, were not
counseled by study staff about pregnancy viability or provided any inducement for
pregnancy termination, and were encouraged to breastfeed infants, in accordance with
World Health Organization (WHO) guidelines. Monthly HIV testing continued throughout
pregnancy and breastfeeding, and women who seroconverted to HIV during pregnancy or
breastfeeding received expedited HIV resistance testing and referral for immediate initiation
of antiretroviral therapy.

Pregnancy data were ascertained through standardized case report forms completed through
participant report and summarization of medical records, when available. For pregnancies
that terminated early, data on timing and nature of pregnancy loss (spontaneous or elective)
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was recorded. The duration of pregnancy was estimated between the first day of the last
menstrual period to the date of delivery or pregnancy loss. Live-born infants were followed
over the first year of life, with the initial visit scheduled within the first month and then
quarterly. Evaluation of infants included assessment for congenital anomalies, measures of
infant growth (weight, length and head circumference), done quarterly, and serum
creatinine, which was measured at two visits occurring within one month of birth and at 3
months after birth. Because infants were not delivered by the study team, and were
sometimes delivered at home, birth weight was inconsistently recorded and thus was not
included as an outcome.

Ethical review

The study protocol was approved by the University of Washington Human Subjects Review
Committee and ethics review committees at each of the study sites. All participants provided
written informed consent in English or their local language.

Statistical Analysis

Several types of outcomes were defined: incidence of pregnancy, birth outcomes, and infant
outcomes. Pregnancy incidence was defined as the number of pregnancies detected over the
number of woman-years of follow-up, excluding follow-up time during pregnancy. Birth
outcomes included live births, pregnancy losses, and congenital anomalies. Infant outcomes
included growth, mortality, and serum creatinine. The 2006 WHO growth standard by age in
days was used to calculate sex and age-adjusted z-scores for weight, length, and head
circumference during post-natal follow-up for infants born at term;19 for infants born prior
to term, preterm growth standards were used and z-scores were adjusted for gestational
age.20 Infants’ age of life in days was derived from computing days between date of delivery
and date of each study visit.

All analyses were limited to the subset of couples in which the HIV uninfected partner was
female. The primary, pre-specified analysis included data collected on incident pregnancy,
birth outcomes, and follow-up of infant outcomes for pregnancies detected up through
discontinuation of the trial’s placebo group in July 2011; for those pregnancies, the last birth
was in March 2012, with last infant follow-up occurring in February 2013. This primary,
placebo-controlled analysis compared each active PrEP group (tenofovir disoproxil fumarate
and combined emtricitabine/tenofovir disoproxil fumarate) separately to the placebo group.
After this primary analysis was completed, an additional, post hoc analysis was conducted,
comparing the effect of tenofovir disoproxil fumarate alone versus combined emtricitabine/
tenofovir disoproxil fumarate PrEP on pregnancy incidence and birth outcomes. The post
hoc analysis was motivated by a suggestion of a higher frequency of pregnancy losses in the
emtricitabine/tenofovir disoproxil fumarate group compared to the tenofovir disoproxil
fumarate only group in the primary analysis period. The post hoc analysis included all
pregnancies identified during the trial period, including those identified after July 2011, both
from women initially randomized to the trial’s active groups and from those re-randomized
to active PrEP from placebo. The last birth in the post hoc analysis dataset occurred in June
2013.
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All analyses were performed following intention-to-treat principles, with the exception that
pregnancies occurring after HIV seroconversion were excluded, as women were
discontinued from study medication upon acquisition of HIV. For the period covered by the
primary, pre-specified analysis, a total of seven pregnancies occurred after HIV
seroconversion and were excluded: two among women assigned tenofovir disoproxil
fumarate (1 and 18 months after HIV seroconversion) and five among women assigned
placebo (3, 6, 6, 12, and 18 months after HIV seroconversion).

Pregnancy incidence was compared using Cox proportional hazards models, stratified by
study site; women were removed from the risk set while pregnant and the Andersen-Gill
modification was used to account for multiple pregnancies per woman. Logistic regression
was used to test for differences between groups for birth outcomes, with generalized
estimating equations used to account for multiple pregnancies. Infant mortality was
compared using the Fisher’s exact test. To assess differences by group in standardized
growth outcomes, two sample t-tests were used; in addition, growth over time by group was
compared using linear mixed effects models with time on study, randomization group, and
their interaction as fixed effects and participant as a random effect. Missing data were rare
and time points with missing data were omitted from analyses.

The design of the clinical trial was end-point driven for the primary HIV protection efficacy
endpoint.13 No sample size calculations were conducted prior to the trial specifically for the
secondary outcome of pregnancy safety, as the duration of the study was to be determined
by the accumulation of HIV endpoints.

Analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).
Statistical testing was two-sided and p-values <0.05 were considered statistically significant.

Population characteristics

Follow-up

Of the 4747 HIV uninfected participants enrolled and followed in the Partners PrEP Study,
1785 (37.6%) were women, of whom 598 (33.5%), 566 (31.7%) and 621 (34.8%) were
randomized to tenofovir disoproxil fumarate, emtricitabine/tenofovir disoproxil fumarate
and placebo groups, respectively (Table 1, Figure 1). For these 1785 women, the median age
was 33 years (interquartile range [IQR] 28-38), they had a median of 6 years of education
(IQR 3-8), and 1704 (95.5%) had ever had a child, although 262 (14.7%) had not had a
child with the HIV infected partner with whom they enrolled in the trial. Most (98.7%) were
married to their HIV infected study partner, with a median partnership duration of 11.9 years
(IQR 6.0-18.5), although the median duration of knowledge of their HIV serodiscordancy
was only 0.67 years (0.08-2.08). HIV infected male partners had a median age of 39 years
(IQR 33-44) and a median CD4 count of 457 cells/uL (IQR 354-596); 54 (20.2%) initiated
antiretroviral therapy during follow-up.

Among the 1785 women, 1781 (99.8%) completed at least one post-randomization visit,
with retention >95% throughout follow-up, and 2805 total person-years of follow-up
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accrued for assessment of pregnancy incidence (median 17.0 months, IQR 10.1-24.9). Study
medication was dispensed at 92.5% of attended visits. Factoring in missed visits, other
reasons for non-dispensation of study medication, non-adherence to dispensed study pills (as
measured by pill counts of unused study product), and censoring time during pregnancy and
breastfeeding, 92.2% of follow-up time was covered by study medication. In the period
following discontinuation of the placebo treatment group, an additional 1294 person-years
of follow-up for assessment of incident pregnancy were accrued between the two PrEP
groups and retention remained >95% (eFigure 1).

Pregnancy incidence and birth outcomes

During the primary, placebo-controlled analysis period, 288 pregnancies occurred among
267 HIV uninfected women, at an overall pregnancy incidence of 10.3 per 100 person-years
(Table 2). Pregnancy incidence did not differ significantly by randomization group: 11.9, 8.8
and 10.0 per 100 person-years in the tenofovir disoproxil fumarate, emtricitabine/tenofovir
disoproxil fumarate and placebo groups, respectively (incidence difference 1.9, 95%
confidence interval [CI] -1.1-4.9, p=0.22 for tenofovir disoproxil fumarate versus placebo
and incidence difference —1.3, 95% CI —-4.1-1.5, p=0.39 for emtricitabine/tenofovir
disoproxil fumarate versus placebo). One pregnancy (in the emtricitabine/tenofovir
disoproxil fumarate group) occurred in a woman who had been off study medication for
more than 3 months, due to missed visits. The median duration of gestation at the time of
pregnancy detection was 35 days (IQR 29-45): 37 (IQR 29-46) for tenofovir disoproxil
fumarate (p=0.34 vs. placebo), 35 (IQR 29-42) for emtricitabine/tenofovir disoproxil
fumarate (p=0.89 vs. placebo), and 35 (IQR 28-46) for placebo.

Of the 288 pregnancies, 192 (66.7%) ended in live births and 96 (33.3%) ended in
pregnancy losses, including 19 induced losses. Most pregnancy losses (91.7%) occurred
before 20 weeks’ gestation. For the live births, 47 (24.5%) were home deliveries and 182
(94.8%) were vaginally delivered. Eleven (5.7%) were born preterm (<37 weeks’ gestation).
There was no statistically significant association between those receiving PrEP and those
receiving placebo and the occurrence of pregnancy losses (difference of proportions —4.6%,
95% CI —18.1%-8.9%, p=0.46 for tenofovir disoproxil fumarate versus placebo and —10.2%,
95% CI —5.3%-25.7%, p=0.16 for emtricitabine/tenofovir disoproxil fumarate versus
placebo) or preterm births (difference of proportions —5.2%, 95% CI -13.9%-3.5%, p=0.16
for tenofovir disoproxil fumarate versus placebo and 1.0%, 95% CI -11.3%-13.3%, p=0.85
for emtricitabine/tenofovir disoproxil fumarate versus placebo).

Thirteen infants (6.7% of live born infants) were born with a total of 17 congenital
anomalies, a frequency that was not statistically different across randomization groups: 7.6%
in the placebo group, 4.9% in the tenofovir disoproxil fumarate group (difference in
proportions —2.6%, 95% CI -12.0-6.7, p=0.51 versus placebo), and 8.5% in the
emtricitabine/tenofovir disoproxil fumarate group (difference in proportions 0.9%, 95% CI
-11.1-13.0, p=0.86 versus placebo). The details of the types of congenital anomalies are
reported in the online supplemental materials.

In the period after the placebo treatment group was discontinued in July 2011 an additional
143 pregnancies were observed in the two active PrEP groups, among 137 women, for an
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overall pregnancy incidence of 10.9 per 100 person-years in the tenofovir disoproxil
fumarate group and 10.4 in the emtricitabine/tenofovir disoproxil fumarate group (incidence
difference —0.5 per 100 person-years, 95% CIl —2.8-1.8), p=0.77). Of these 143 pregnancies,
88 (61.5 %) ended in live births and 52 (36.4%) ended in pregnancy losses, and data were
missing from 3 pregnancies. Prior to July 2011, there was a higher proportion of pregnancy
losses in women assigned emtricitabine/tenofovir disoproxil fumarate (42.5%, difference in
proportions 14.8%, 95% CI 0.1%-29.5%, p=0.04) compared to those assigned tenofovir
disoproxil fumarate (27.7%), but the frequency of pregnancy losses in the two groups was
36.7% and 37.5%, respectively, for pregnhancies occurring after July 2011 (difference in
proportions 0.8%, 95% CI —-16.8-18.5, p=0.92) and the composite data from the entire study
period was not statistically significantly different comparing the two PrEP groups
(difference of proportions 9.2%, 95% CI —1.7%-20.1%, p=0.09). The overall occurrence of
prematurity was not statistically different between the PrEP groups (difference of
proportions 3.9%, 95% CI —3.1-11.0%, p=0.20). An additional five congenital anomalies,
occurring in four infants (two in each PrEP group), were observed in pregnancies occurring
after July 2011.

Overall, for the women who became pregnant in the entire study, the median number of
lifetime pregnancies was 5 (interquartile range 3-6). For only 8 women (2.1%) was the
pregnancy experienced during this study their first pregnancy; 22 (of 365 women who had
had a prior pregnancy, 6.0%) had had a prior preterm birth. Maternal pregnancy-related
complications were rare during the pregnancies followed in this study, with three woman
experiencing pre-eclampsia (two in the tenofovir disoproxil fumarate group and one in the
emtricitabine/tenofovir disoproxil fumarate group) and no reports of pregnancy induced
diabetes. For 53 of the 431 pregnancies observed in the study, the HIV-infected male partner
had initiated combination antiretroviral therapy at the time of pregnancy in the uninfected
female partner: 25 in the tenofovir disoproxil fumarate group (9 before / 16 after July 2011),
22 emtricitabine/tenofovir disoproxil fumarate group (3 before / 19 after July 2011), and 6 in
the placebo group.

Infant outcomes

For infants conceived during the primary analysis period, retention in follow-up during the
first year of life was high and comparable across the three study groups (Figure 1). There
were 10 infant deaths, of which five occurred within the first 7 days of life; four of these five
perinatal deaths were associated with out-of-hospital deliveries. Of these 10 deaths, one was
born to a mother who had been assigned tenofovir disoproxil fumarate (acute diarrhea, aged
159 days), five were born to mothers assigned emtricitabine/tenofovir disoproxil fumarate
(prematurity, aged 0 and 1 days [a set of twins]; septicemia, aged 2 days;
bronchopneumonia, aged 22 days; complications of Trisomy 21, aged 275 days), and four
were born to mothers assigned placebo (birth asphyxia, aged 0 days; neonatal septicemia,
aged 3 days; malaria, aged 80 days and 200 days). Overall infant mortality was 5.2%
(10/194): 1.2% (1/81) in the tenofovir disoproxil fumarate group (p=0.17 versus placebo,
difference of proportions —4.8%, 95% CIl -12.4-2.8), 10.6% (5/47) in the emtricitabine/
tenofovir disproxil fumarate group (p=0.49 versus placebo, difference of proportions 4.6%,
95% CI -7.8-16.9), and 6.1% (4/66) in the placebo group.
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There were no statistically significant differences in head circumference, length, or weight
to suggest growth retardation for infants born to women assigned PrEP compared to placebo
(Figure 2). Among 30 comparisons, 4 measures reached statistical significance (p<0.05)
versus placebo — tenofovir disoproxil fumarate weight-adjusted z-scores at 6, 9, and 12
months and emtrictabine/tenofovir disoproxil fumarate weight-adjusted z-score at 12 months
— each of these indicating less growth restriction for the PrEP group compared to the placebo
group. In addition, in linear mixed-effects models assessing growth during the entirety of
follow-up, differences in slope over time for adjusted z-scores relative to the placebo were:
for weight 0.03 (p=0.02) for tenofovir disoproxil fumarate and 0.06 (p<0.001) for
emtricitabine/tenofovir disoproxil fumarate ; for length 0.03 (p=0.42) for tenofovir
disoproxil fumarate and 0.07 (p=0.08) for emtricitabine/tenofovir disoproxil fumarate; and
for head circumference 0.02 (p=0.35) for tenofovir disoproxil fumarate and 0.07 (p=0.008)
for emtricitabine/tenofovir disoproxil fumarate; thus, all models indicated no reduced rate of
growth for infants born to women in the tenofovir disoproxil fumarate and emtricitabine/
tenofovir disoproxil fumarate groups and slightly faster growth in some measures for those
groups relative to placebo. There were no statistically significant differences in serum
creatinine concentrations for infants born to women assigned PrEP versus placebo (Figure
3).

Discussion

In a randomized, double-blind, placebo-controlled trial of PrEP that demonstrated high HIV
protection in the study population of African HIV serodiscordant couples, we assessed the
effect of PrEP on pregnancy for HIV uninfected women, finding no statistically significant
adverse relationship between each PrEP randomization group of tenofovir disoproxil
fumarate or emtricitabine/tenofovir disoproxil fumarate compared to placebo and pregnancy
incidence, birth outcomes, or infant growth and renal function. To our knowledge, these
results are the first data exploring these outcomes in a randomized trial of daily oral PrEP
when used in the periconception period. However, for some outcomes, including pregnancy
loss, preterm birth, congenital anomalies, and infant mortality, confidence intervals were
wide, including both a null effect and potential harm, and thus definitive statements about
safety of PrEP in the periconception period cannot be made.

Other data, including a recent systematic review,2! have suggested that use of tenofovir
disoproxil fumarate and emtricitabine during pregnancy appears safe when used by HIV
infected women taking combination antiretroviral treatment. Data on teratogenicity related
to in utero exposure to tenofovir disoproxil fumarate and emtricitabine has been reassuring,
with no increase in congenital anomalies compared to the expected background rate for
infants enrolled in the Antiretroviral Pregnancy Registry® (n=1982 and n=1400 to date with
first trimester exposure to tenofovir disoproxil fumarate and emtricitabine, respectively) and
in prospective studies of women receiving antiretroviral treatment.11 Small decreases in
bone mineral density have been observed with use of tenofovir disoproxil fumarate in
animal models and among adults taking tenofovir disoproxil fumarate-containing HIV
treatment regimens, but several studies have not shown increased risk of growth or bone
abnormalities in infants born to HIV-infected women receiving tenofovir disoproxil
fumarate,2! with one study showing slightly smaller infant length and head circumference at
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one year, of uncertain significance.12 In a study of antiretroviral treatment conducted among
HIV infected women in Uganda and Zimbabwe (the DART study), infants exposed to
tenofovir disoproxil fumarate in pregnancy, compared to infants exposed to non-tenofovir
disoproxil fumarate containing treatment regimens, had similar neonatal morbidity,
mortality or infant growth within 2 years of follow up.1! In agreement with this body of
information, WHO and US guidelines for the treatment of HIV infection in pregnant women
recommend tenofovir disoproxil fumarate- and emtricitabine-containing regimens as first-
line therapy.22: 23

Few data have been available to assess the safety of tenofovir disoproxil fumarate and
emtricitabine in pregnant women without HIV infection; the recent systematic review of
tenofovir disoproxil fumarate safety in pregnancy included data from only eleven HIV
uninfected women, exposed to tenofovir disoproxil fumarate as part of treatment for
hepatitis B infection.2* While tenofovir disoproxil fumarate has been associated with renal
abnormalities, including elevations in serum creatinine and proximal renal tubular
dysfunction in a minority of adults receiving tenofovir disoproxil fumarate-containing
treatment regimens,® most with pre-existing renal compromise or other risk factors for renal
disease, to our knowledge, no data have been published on the effect of tenofovir disoproxil
fumarate exposure in utero on infant renal function. Our results, which characterized
pregnancy incidence, birth outcomes and infant growth and renal function in a randomized
comparison of HIV uninfected women who became pregnant while on daily oral tenofovir
disoproxil fumarate, emtricitabine/tenofovir disoproxil fumarate, or placebo, thus
substantially add to the available data regarding the use of tenofovir disoproxil fumarate and
emtricitabine in early pregnancy.

The absolute frequency of pregnancy loss was higher for women receiving emtricitabine/
tenofovir disoproxil fumarate than those assigned tenofovir disoproxil fumarate alone or
placebo. Although the differences were not statistically significant, the 95% Cls compared
to placebo were wide and ranged from —5.3% (protective) to 25.7% (harmful). The
difference in the frequency of pregnancy loss between tenofovir disoproxil fumarate alone
and emtricitabine/tenofovir disoproxil fumarate was attenuated in the data accumulated after
July 2011. In post hoc analysis of the composite data for the entire study period, pregnancy
loss was higher among women receiving emtricitabine/tenofovir disoproxil fumarate
compared to those receiving tenofovir disoproxil fumarate alone, but the difference was not
statistically significant (difference of proportions 9.2%, 95% CI —1.7%-20.1%, p=0.09).
Additional studies including outcomes of pregnancy in women using PrEP during the peri-
conception period are warranted. For more rare outcomes (premature birth, congenital
anomalies) only very large datasets would have substantial statistical power, particularly for
specific anomalies. The Antiretroviral Pregnancy Registry has open collection of data on
pregnancies with exposure to antiretroviral agents,® including when used as PrEP, and the
manufacturer of FTC/TDF is conducting a prospective observational study of women who
become pregnant while using PrEP.25

One-third of pregnancies detected in our study ended in pregnancy losses; this rate may be
related to monthly pregnancy testing using sensitive urine f-hCG assays, which was
performed to detect pregnancies before clinical recognition to limit fetal exposure to PrEP in
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the clinical trial. Prior studies of sensitive pregnancy monitoring have demonstrated that
~30% of pregnancies are lost early, most without clinical recognition (sometimes referred to
as “chemical pregnancies”).28 The average duration of in utero PrEP exposure in our study
was approximately 5 weeks.

In implementation of PrEP as an HIV prevention strategy for heterosexual populations,
pregnancies will occur; indeed, pregnancy rates >10% per year are commaon in women
enrolled into clinical trials of novel HIV prevention strategies, even when counseled to
avoid pregnancy during the study period.18: 2731 |n sub-Saharan Africa, young women are
the population at greatest risk for HIV acquisition and the season for highest HIV risk
overlaps with periods of greatest fertility. For example, in Kenya, 65% of HIV infections in
women occur before the age of 35, the peak period for child-bearing.32 Safe and effective
HIV prevention options for women that do not require negotiations for safe sex and do not
interfere with conception and pregnancy outcomes are a priority. For known, mutually-
disclosed HIV serodiscordant couples, such as those enrolled in this trial, becoming
pregnant risks HIV transmission, and most couples worldwide do not have access to assisted
reproduction options to reduce HIV risk. The desire for pregnancy among serodiscordant
couples is often great and can override fear of HIV transmission associated with conception
attempts.31: 33-35 Our findings provide additional evidence to support the option of
periconception administration of antiretroviral PrEP for HIV-uninfected women in both high
and low income populations, along with other strategies such as antiretroviral treatment of
their HIV-infected partners and limiting unprotected sex to peak fertility periods to reduce
the risk of sexual transmission of HIV.36

Our study had several important strengths. A key strength was its randomized, placebo-
controlled design. Similar data are rarely available to assess medication risks when used in
early pregnancy, and recent analyses of tenofovir disoproxil fumarate use in pregnancy have
called for randomized evidence.?! Additional strengths include the large sample size, high
retention (including of infants followed for a year after birth), and high adherence to the
study medication during the periconception period, as we recently reported.18

However, our study also had several limitations. First, our findings are limited to
periconception exposure of tenofovir disoproxil fumarate and emtricitabine with short
duration of in utero exposure after conception. In a non-research setting, women would
likely have a longer exposure after achieving pregnancy; reassuringly, longer durations of in
utero exposure in observational cohorts of HIV infected women suggest safety of these
medications when used during pregnancy. Observational studies have suggested that
pregnant women face increased risk of HIV acquisition,3” and additional data are needed on
the safety of continuation of tenofovir disoproxil fumarate-based PrEP throughout
pregnancy, including maternal and infant bone density safety after extended exposure. The
US Food and Drug Administration registered a formal label indication for emtricitabine/
tenofovir disoproxil fumarate as the first agent for the prevention of sexual transmission of
HIV in 2012;2° the approved label includes consideration for continuing emtricitabine/
tenofovir disoproxil fumarate PrEP in pregnant women with ongoing HIV risk. For women
who breastfeed after pregnancy, limited data are available regarding excretion into
breastmilk and absorption by infants and additional studies are needed. Recent
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comprehensive PrEP guidelines from the US Centers for Disease Control and Prevention
also address use during peri-conception periods and during pregnancy, as well as additional
considerations for persons with other comoribidities (e.g., chronic active hepatitis B
infection, renal impairment, and other factors).38 Second, for some rare outcomes, such as
preterm births and congenital anomalies, our results had wide confidence intervals. Third,
considering that the confidence intervals for pregnancy loss were wide, overlapping both
null effects and potential harm, and that PrEP was discontinued when pregnancy was
detected, definitive conclusions about harms and safety, and possible differences between
emtricitabine/tenofovir disoproxil fumarate compared to tenofovir disoproxil fumarate
alone, cannot be made and will require further investigation to fully characterize the safety
of PrEP in pregnancy.

Conclusions

Among HIV serodiscordant heterosexual African couples, differences in pregnancy
incidence, birth outcomes, and infant growth were not statistically different for women
receiving PrEP with tenofovir disoproxil fumarate or combination emtricitabine/tenofovir
disoproxil fumarate compared to placebo. However, given that confidence intervals for the
birth outcomes were wide, definitive statements about safety of PrEP in the periconception
period cannot be made. These results should be discussed with HIV uninfected women
receiving PrEP who are considering becoming pregnant.
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Figure 1. Randomization and follow-up for the primary analysis cohort (i.e., prior to
discontinuation of the trial’s placebo group in July 2011), including retention of HIV uninfected
women during follow-up and visit attendance of infants during the first 12 months after birth

1785 HIV uninfected women were randomized in a 1:1:1 fashion to daily oral tenofovir
disoproxil fumarate, combination emtricitabine/tenofovir disoproxil fumarate, or placebo
and followed for up to 36 months, through July 2011. Cumulative retention for women is
detailed: denominators indicate women eligible for follow-up through different periods up to
36 months from enrollment and numerators note those completing such follow-up. Four
women contributed no follow-up: 3 randomized to tenofovir disoproxil fumarate and 1 to
emtricitabine/tenofovir disoproxil fumarate. 194 live-born infants were followed with
scheduled visits within the first month of life and then quarterly. Per-visit retention is
provided, with denominators referring to infants eligible to have attended the visit (i.e.,
excluding infants who died) and numerators referring to infants who attended the visit.
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Figure 2. Infant growth: sex- and age-adjusted Z-scores for A) weight, B) length, and C) head
circumference, by randomization group

Box plots depict median (central line), interquartile range (box), and range (whiskers);
numbers below each box indicate the number of subjects who attended the visit and who had
growth parameters recorded. P-value comparisons are each active PrEP group versus
placebo, using two sample t-tests for the comparisons.
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Figure 3. Serum creatinine levels in infants, by randomization group
Box plots depict median (central line), interquartile range (box), and range (whiskers);

numbers below each box indicate the number of subjects. P-value comparisons are each
active PrEP group versus placebo, using two sample t-tests for the comparisons.
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Enrollment characteristics of HIV uninfected women participating in a randomized trial of PrEP for HIV

prevention (n=1785)

Median (interquartile range) or N (%)

Emtricitabine /

dioprodt | U g
fumarate fumarate n=621
n=566
Demographic characteristics
Age, years (median, IQR) 32(27,37) 33(28,39) 33(28,39)
Education, years 6(3,8) 6(3,8) 6(3,8)
Clinical characteristics
Using effective contraception® 263 (44.0%) 275 (48.6%) 299 (48.1%)
Couple characteristics
Married 587 (98.2%) 562 (99.3%) 612 (98.6%)
No children in the partnership 81 (13.5%) 88 (15.5%) 93 (15%)
Sexual behavior
Number of sex acts in prior month 4(2,7) 4(2,7) 4(2,8)
Any unprotected sex acts in prior month 141 (24.1%) 121 (21.9%) 144 (23.9%)
HIV infected male partner characteristics
Age, years 38 (34, 44) 39 (33, 45) 38 (33, 43)

CD4 count, cells/uL

453 (349, 598)

466 (362, 584)

451 (353, 600)

Plasma HIV RNA, log;, copies/mL

4.06 (3.41, 4.70)

4.21 (346, 4.72)

4.08 (3.39, 4.72)

Defined as oral, injectable, or implantable hormonal contraception, an intrauterine device, or surgical sterilization

JAMA. Author manuscript; available in PMC 2015 July 01.
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