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Feminizing hormone therapy (FHT) may interact with human
immunodeficiency virus preexposure prophylaxis (PrEP). We
found that transgender women who took FHT exhibited a
7-fold lower rectal tissue ratio of PrEP’s active metabolites vs
competing deoxynucleotides compared to cisgender women and
men (P =.03) that inversely correlated with estradiol (p = -0.79;
P <.05). Thus, FHT may negatively impact PrEP efficacy.
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Transfeminine populations have an estimated global human
immunodeficiency virus (HIV) prevalence of 19% with 49-fold
increased odds of infection [1]. Thus, HIV preexposure prophy-
laxis (PrEP) represents a significant opportunity for improving
the health of transfeminine communities. Yet, less than 10% of
study participants enrolled in PrEP clinical trials identified as
transgender. Subgroup analyses of 1 trial (iPrEx) demonstrated
lower PrEP blood concentrations in transgender women
(TGW) compared to cisgender men (CGM) who have sex
with men (MSM) and no benefit of PrEP compared to placebo
among TGW [2]. Investigators attributed this failure to lower
adherence and reported no infections in TGW who exhibited
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concentrations commensurate with 4 doses/week [2]. However,
this interpretation was predicated on pharmacokinetics in
healthy, cisgender individuals and assumed the populations
were matched, which is likely inaccurate. TGW are more
likely to have a sexually transmitted infection (STI), use co-
caine or methamphetamines, and take high doses of female sex
hormones and antiandrogens as feminizing hormone therapy
(FHT) [2], all of which may impact pharmacokinetic-pharma-
codynamic relationships. In TGW who use FHT, the median
estradiol concentrations (258 pg/mL) [3] fall within the clin-
ical reference range of peak estradiol concentrations observed
during the periovulatory phase of the menstrual cycle (96-436
pg/mL), typically lasting less than 5 days.

Currently, only a fixed-dose combination tablet of tenofovir
disoproxil fumarate (TDF) and emtricitabine (FTC) is approved
for PrEP by the US Food and Drug Administration. TDF and
FTC are intracellularly phosphorylated to their deoxynucleotide
analogs (tenofovir-diphosphate [TFVdp] and emtricitabine-
triphosphate [FTCtp]), which block reverse transcription by
competing with host cells’ naturally occurring deoxynucleotides
[dATP]
triphosphate and [dCTP], respectively). Clinical investigation

(deoxyadenosine-triphosphate and deoxycytidine-
established the importance of nucleotide balance for this class of
antiretrovirals by demonstrating that mycophenolate increased
abacavir’s potency through decreasing deoxyguanosine tri-
phosphate (dGTP) concentrations [4]. Later in vitro investiga-
tion demonstrated that TFVdp’s potency is inversely related to
dATP concentrations [5]. High doses of estradiol (13 620 pg/
mL) increase the in vitro activity of 5’nucleotidase enzymes,
which maintain nucleotide balance [6]. Depending on the cel-
lular location, 5’nucleotidases can facilitate transfer of dATP’s
precursor into the cell or impede TFVdp formation [7]. Thus,
increased 5nucleotidase activity can increase dATP and/or
decrease TFVdp. In CD4" T cells isolated from female genital
tissues and treated ex vivo with TFV, estradiol, and proges-
terone, TFVdp formation was decreased by 25% [8].

Since cellular function is highly modulated by sex hormones
within mucosal tissues associated with HIV transmission
[9] and nucleotide balance is an important effector of TDF/
FTC potency, FHT may diminish PrEP efficacy. Therefore, we
explored whether FHT alters PrEP pharmacology in blood and
rectal tissue of TGW compared to cisgender women (CGW)
and CGM.

METHODS

The University of North Carolina (UNC) Biomedical
Institutional Review Board approved this study. All participants

provided written informed consent prior to enrollment.
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We enrolled HIV-infected and HIV-uninfected volunteers aged
18-65 years who were taking TDF/FTC as part of clinical care
with intact gastrointestinal tracts into 3 cohorts: TGW on FHT,
CGM, and postmenopausal CGW. Pertinent exclusion criteria
were past colorectal resection, detectable plasma HIV RNA, signs
or symptoms of STIs, <80% self-reported TDF/FTC adherence,
estimated glomerular filtration rate (eGFR) <60 mL/min, and
taking hormone therapy (cisgender only). Adverse events (AEs),
assessed at all visits, were graded according to the National Institute
of Allergy and Infectious Diseases Division of AIDS AE grading
table. All visits were conducted at the UNC Health Cares Clinical
Trials Research Center. Safety labs (basic metabolic panel, complete
blood count, rapid plasma reagin, and prothrombin time and in-
ternational normalized ratio/activated partial thromboplastin time)
were collected at screening. HIV-uninfected individuals were also
screened for PrEP adherence by plasma and upper layer packed
cells (ULPC) to confirm >4 doses/week [10]. eGFR was calculated
using the Cockcroft-Gault equation according to natal sex (assigned
at birth) and gender identity. Blood and rectal tissue were collected
ata sampling visit 16-24 hours after the last self-reported TDF/FTC
dose. Participants adhered to a low-fiber diet for 72 hours and clear
liquids only for 12 hours prior to sampling. Adherence was assessed
by 30-day self-report of missed doses and 5-day dosing record.
A follow-up visit was conducted within 14 days.

Sample Analysis

Specimens were collected and processed for sex steroid hormones
in serum quantified by specific enzyme immunoassay; pharma-
cology (parents, metabolites, and deoxynucleotides) in plasma,
peripheral blood mononuclear cells (PBMCs), and rectal tissue
homogenates was quantified by liquid chromatography-tandem
mass spectrometry; and HIV RNA and DNA in rectal tissue
homogenates were quantified by droplet digital polymerase
chain reaction assay (details in the Supplementary Methods).

Data Analysis

Drug concentrations below limits of quantification were
imputed at the lower limit of quantification. Between-cohort
comparisons were made using Wilcoxon analysis of variance
with the Dwass, Steel, Critchlow-Fligner multiple comparisons
procedure. Ratio data were compared between transgender
and cisgender participants using the Mann-Whitney rank sum
t test. A Spearman rank correlation was performed to quan-
tify the relationships between pharmacologic and hormone
measurements, and Hochberg multiple comparison P value
adjustments were applied (allowable false-discovery rate = 5%).
SAS version 9.4 was used for statistical analyses.

RESULTS

Participant Characteristics
Study participants were enrolled from May 2017 to October
2018. Demographics and other clinical data are summarized in

Supplementary Table S1. There were no statistically significant
differences in age, weight, body mass index, or creatinine clear-
ance (all P>.07). Ten participants were taking TDF/FTC as part
of suppressive HIV treatment and 2 (both CGM) were taking
PrEP. Serum estradiol was highest among TGW (P < .001), all
of whom were taking spironolactone for androgen suppression.

Blood and Rectal TDF/FTC Pharmacology

In blood and rectal tissue, parent (TFV/FTC), metabo-
lite (TFVdp/FTCtp), and deoxynucleotide (dATP/dCTP)
concentrations were similar across groups (Supplementary
Figures S1 and S2), with nonsignificant trends toward higher
PBMC FTCtp and lower rectal deoxynucleotides in CGW vs
CGM (P = .06). The median TFVdp:dATP was 7-fold lower
in rectal tissue (but not PBMCs) of transgender vs cisgender
participants (P < .05; Figure 1) and inversely correlated with
estradiol and progesterone (p = -0.79 and -0.70, respectively;
Hochberg adjusted P < .05). FTCtp:dCTP did not differ be-
tween transgender and cisgender participants. FTCtp:dCTP in
rectal tissue was inversely correlated with serum progesterone
(p = -0.87; Hochberg P < .05) but not estradiol.

DISCUSSION

TGW could substantially benefit from PrEP but were underrep-
resented in PrEP clinical trials. Here, we aimed to characterize
PrEP pharmacology in TGW within their primary HIV trans-
mission site. We found that rectal TFVdp:dATP, an important
effector of PrEP potency [4, 5], was 7-fold lower in transgender
vs cisgender participants (P < .05) and inversely correlated with
female sex hormones (P < .05). We did not observe differences
in TFVdp:dATP in blood or differences in FTCtp:dCTP in
blood or rectal tissue. In a recently reported Baltimore cohort,
TGW exhibited 68% lower rectal TFVdp concentrations when
compared to cisgender MSM, but dATP was not measured [12].
This study and a Thailand cohort of TGW who take PrEP with
or without FHT [13] also associated small but statistically sig-
nificant plasma TFV reductions (13%-27%) with FHT. These
3 cohort studies provide evidence that FHT may alter PrEP
pharmacology in a direction associated with reduced efficacy
or stricter adherence requirements.

Unlike the aforementioned studies, we did not observe
lower plasma TFV. Given our proposed mechanism, this de-
crease would not be expected. While 5’nucleotidases impede
TFVdp formation by degrading TFV [7], only intracellularly
located TFV is subject to degradation; however, blood and
rectal tissue measurements do not exclusively represent intra-
cellular molecules. Additionally, molar TFVdp concentrations
(exclusively intracellularly located) are small relative to TFV
concentrations (0.5% and 1% in blood and rectal tissue, respec-
tively, in our study). Thus, degradation of intracellular TFV
could result in substantial TFVdp decreases but immeasurable
TFV decreases.
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Figure 1.  Tenofovir disoproxil fumarate:emtricitabine nucleotide ratios in blood and rectal tissue of cisgender vs transgender participants. Ratios of active metabolites (TFVdp
and FTCtp) to competitive substrates (dATP and dCTP) are plotted in the blood (A, B) and rectal tissue (C, D) for cisgender men and women (n = 8) vs transgender women (n = 4).
PBMC dATP and dCTP values were missing for 2 cisgender men omitted from analysis. In rectal tissue, 2/12 dATP and 1/12 dCTP measurements were BLQ and imputed at the
sample-specific lower limit of quantification to calculate the nucleotide ratio. The rectal FTCtp:dCTP nucleotide ratio for 3 individuals (2 cisgender women and 1 cisgender man)
for whom both concentration values were BLQ were omitted from analysis. Previously published [11] monotherapy 90% effective concentration (ECy) target ratios are denoted by
dashed reference lines on each graph. A Mann-Whitney rank sum t test was performed to detect between-cohort differences. The ratio of TFVdp:dATP in rectal tissue was 7-fold
lower among transgender women compared to cisgender participants (P=.03). Abbreviations: BLQ, below the limit of quantification; dATP. deoxyadenosine-triphosphate; dCTP,
deoxycytidine-triphosphate; FTCtp, emtricitabine-triphosphate; EC,, PBMC, peripheral blood mononuclear cell; TFVdp, tenofovir-diphosphate.

Despite significantly lower rectal TFVdp:dATP in TGW,
we did not observe increased rectal HIV RNA or DNA
(Supplementary Table S1). While sample size prohibits drawing
definitive conclusions, we postulated that spironolactone
containing FHT may inhibit transcription [14]. Consistent with
this postulate, plasma spironolactone (Supplementary Table
S1) was lowest among TGW with the highest rectal HIV DNA.
Alternatively, estrogen receptor 1 (a well-characterized la-
tency regulator [15]) could be acting to suppress transcription.
Characterizing the influence of TGWs' unique hormonal envi-
ronment on HIV replication may have important implications
for HIV cure strategies.

Our study has some limitations. While we demonstrated signif-
icantly lower rectal TFVdp:dATP, we did not observe significant
differences in the individual components, although median TFVdp
was 1.75-fold lower and dATP was 21-fold higher in TGW. Our
small sample size may have precluded detection of such differences.
Enrolling postmenopausal CGW (intended as a low-estrogen

control group and to avoid introducing variability of the female
reproductive cycle’s highly dynamic hormonal profile) may limit
generalizability. Physiological changes (ie, altered muscle mass
and development of secondary sex characteristics) are present on
a spectrum based on FHT selection, duration, and age at initiation.
Thus, FHT duration that ranges from 1 to 9 years and heteroge-
neous FHT and antiretroviral regimens are all potential sources of
variability. Last, we relied on self-reported adherence, undetectable
viral load, or plasma/ULPC drug concentrations as evidence of ad-
herence rather than directly observed dosing. However, because we
did not observe lower blood concentrations, our rectal tissue data
are unlikely to be confounded by lower adherence among TGW.
This is the first description of PrEP’s active metabolites and
competing deoxynucleotides in rectal tissue of TGW who take
FHT. Here, we demonstrate 7-fold lower rectal TFVdp:dATP
in TGW vs cisgender participants, which decreased with
increasing estradiol. These data confirm in vitro studies that
suggest FHT may decrease TDF/FTC’s potency and indicate
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that the degree of feminization may be an important consider-
ation. Additional studies are needed to determine the clinical
implications of our findings and whether PrEP dosing strategies
should be reconsidered in TGW.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the corre-
sponding author.
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