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centa. Concentration ratios for EVG, cobicistat, tenofovir, and emtricitabine (n = 10)
and DTG (n = 3) were determined between cord plasma and placenta, cord and
maternal plasma, and cord PBMCs and maternal PBMCs. TFV moves from maternal
plasma through the placenta to the cord blood and then into cord PBMCs, where it
is phosphorylated into its active forms (TFV diphosphate). These five ARVs were de-
tected in each of the compartments, highlighting transfer of these agents from the
maternal into the fetal circulation.
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arly initiation of combination antiretroviral therapy (cART) for maternal HIV-1

infection is the standard of care for the treatment of pregnant women and also
prevents mother-to-child transmission (MTCT) of HIV-1 (1-3). The pharmacokinetics (PK)
and placental transfer of a number of antiretroviral (ARV) drugs in pregnancy have been
studied; however, there are limited PK data on the newer integrase strand transfer
inhibitors (INSTIs) (4-8). A recent ex vivo study of dolutegravir (DTG) reported that in
addition to precipitously decreasing maternal HIV-1 RNA levels, placental transfer of
this ARV occurred in moderate to high concentrations, important for infant preexposure
prophylaxis (8, 9). A few studies have measured the PK of INSTIs during pregnancy (6).
Raltegravir (RTG) has been shown to cross the human placenta, with drug concentra-
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tions detected in maternal and cord blood plasma from mothers receiving RTG-based
therapy during pregnancy (7, 11-13). Dolutegravir has also been shown to readily cross
the blood-placenta barrier (8). Limited data are available to assess the transfer of
elvitegravir (EVG) (14). To the best of our knowledge, there are no studies measuring
the intracellular concentrations in placental cells for any ARV.

The primary purpose of this study was to determine placental transfer of the newer
INSTIs by measuring the intracellular concentrations in placental tissue obtained from
HIV-1-infected women. In addition, we compared the concentrations of these drugs in
maternal plasma with those in cord blood at the time of delivery. After we determined
these concentrations, we compared the drug concentration ratios between different
matrices (maternal plasma, cord plasma, maternal peripheral blood mononuclear cells
[PBMCs], cord PBMCs, and placental tissue) to illustrate if and in what concentrations
these agents transfer from maternal to fetal circulation. For the PBMC matrix, we
analyzed the active phosphorylated metabolites (tenofovir diphosphate [TFV-DP] and
emtricitabine triphosphate [FTC-TP]). For the remainder of the matrices, we analyzed
the parent FTC and TFV compound concentrations. These studies may be important in
identifying pharmacologic correlates in placental cells associated with perinatal trans-
mission and prevention.

RESULTS

Patient characteristics. Thirteen patients were enrolled (10 patients on EVG, cobi-
stat [COBI], tenofovir disoproxil fumarate [TDF], and FTC and 3 patients on DTG).
Maternal characteristics are described in Table 1. Twelve of 13 (92.3%) mothers were
black (non-Hispanic), with a median age of 29 years (interquartile range [IQR], 18 to
34). No congenital anomalies were identified by prenatal ultrasound or physical
examination at the time of birth. Table 2 outlines neonatal outcomes in this study
population. Nine women delivered at term, and four delivered prematurely. EVG
and DTG, along with other ARV components (COBI, TFV, and FTC), were quantified
by liquid chromatography-tandem mass spectrometry (LC-MS/MS) in 13 plasma
samples (maternal and cord), PBMCs from maternal and cord blood, and placental
tissue. Concentrations of EVG, DTG, COBI, FTC, and TFV are presented as medians and
ranges and visually represented with box plots in Fig. 1.

Drug concentrations within each matrix. The concentrations of all five drugs
within each matrix (placenta, maternal and cord PBMCs, maternal and cord plasma),
including the drug concentration ratios between the different matrices, are illustrated
in Table 3. Overall, all five drugs were detected within all five matrices. In addition, low
concentration ratios for all five drugs were noted between cord plasma and placenta,
cord plasma and maternal plasma, and cord PBMCs and maternal PBMCs.

EVG and DTG were detected within all five matrices; however, differences were
noted when EVG and DTG concentration ratios were compared between the
different matrices. Low concentration ratios for EVG and DTG were noted between
cord plasma and placenta, cord plasma and maternal plasma, and cord PBMCs and
maternal PBMCs. There are limited PK data on placental transfer of EVG (4-8).
Distributions of all five drug concentrations for all the matrices were analyzed and
are plotted in Fig. 1.

We also analyzed the concentration ratios of all five drugs between maternal PBMCs
and cord PBMCs. All five drugs transfer from maternal plasma to placenta and then to
cord blood. Our data also illustrate how TFV moves from maternal plasma through the
placenta to the cord blood and then into cord PBMCs, where it is phosphorylated into
its active form (TFV-DP). We show that the concentration of TFV-DP in PBMCs on the
maternal side is similar to that on the fetal side. Overall, the transfer of these agents
from the maternal into the fetal circulation was associated with relatively similar drug
concentrations between the matrices. These agents did not accumulate at higher
concentrations in one matrix than the other.
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TABLE 1 Summary of the maternal characteristics of the study population

Characteristic?

No. (%) of patientsc

Age (yr) 29 (18-34)b
Ethnicity
Caucasian 0(0)
Asian 1(7.7)
Black (non-Hispanic) 12(92.3)
Hispanic 0(0)
Nulliparous 2(15.4)
Multiparous 11 (84.6)
Pregnancy BMI (kg/m?) 30 (22-45)°
cART during pregnancy
Elvitegravir 10 (76.9)
Dolutegravir 3(23.1)
Plasma viral load at entry of study (copies/ml)
<40 4(30.8)
50-399 2(15.4)
400-999 5(38.5)
1,000-9,999 2(15.4)
=10,000 0(0)
HIV-1T RNA viral load at delivery (copies/ml)
<40 12(92.3)
50-399 0(0)
400-999 0(0)
1,000-9,999 1(7.7)
=10,000 0(0)
CD4™* count at entry of study (cells/mm?3)
=500 5(38.5)
200-499 7 (53.8)
<200 1(7.7)
CD4+ count at delivery (cells/mm3)
=500 6 (46.2)
200-499 7(53.8)
<200 0(0)
cART duration during pregnancy (wks) 8 (3-22)°
Time from cART administration to sample (h) 8 (2-16)°
Side effects or adverse reactions from cART 0(0)

aHIV, human immunodeficiency virus; BMI, body mass index; cART, combined antiretroviral therapy.

bThe median and interquartile range (IQR) are given.
<Out of a total of 13 patients.

DISCUSSION

In this study, we analyzed the intracellular concentrations of EVG and DTG and other
ARVs within placental tissue from HIV-1-infected women. In order to assess in vivo
placental transfer of these ARVs, we also compared plasma concentrations from cord
and maternal blood at the time of delivery. All five agents transferred from maternal
circulation into fetal circulation via the placenta.

Previous studies have demonstrated placental transfer, with drug concentrations
approaching 1 ug/ml in maternal and cord blood ratios for certain nucleoside (or
nucleotide) reverse transcriptase inhibitors (NRTIs) (15-17, 32) with slightly lower ratios
reported for non-NRTIs (18-20) and even lower ratios for the protease inhibitors (16,
21). Studies analyzing placental transfer of TFV have reported variable results, with
maternal and cord blood concentration ratios ranging from 0.82 to 6.0 (16, 18). Protease
inhibitors, such as atazanavir (22, 23) and lopinavir (20, 24) actively cross the placenta;
however, undetectable concentrations in cord blood have been reported for nelfinavir,
indinavir, and saquinavir (25, 26). Fusion/entry inhibitors cross poorly into cord blood
(7, 11).
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TABLE 2 Summary of the neonatal outcomes of the study population, including prenatal
ultrasound and genetic aneuploidy characteristics

Characteristic® No. (%) of patients®
Anomalies noted on prenatal ultrasound and/or physical 0(0)
exam at birth
Aneuploidy 0(0)
Preterm birth
Extremely preterm (<28 wks) 1(7.7)
Very preterm (28 to 32 wks) 2(15.4)
Moderate to late preterm (32 to <37 wks) 1(7.7)
Birth wt
Extremely low (<1,000 g) 2(154)
Very low (<1500 g) 1(7.7)
Low (<2,500 qg) 1(7.7)
Infant diagnostic HIV-1 positive testing® 0(0)

aHIV, human immunodeficiency virus.

bQOut of a total of 13 patients.

‘Infant diagnostic virologic testing for HIV-1 was performed at 14 to 21 days, 1 to 2 months, and 4 to 6
months of age. Definitive exclusion of HIV infection was based on two or more negative virologic tests at
age =1 month and one at age =4 months or two negative HIV antibody tests from separate specimens
obtained at age =6 months.

The human placenta plays a major role in maternal-to-fetal and fetal-to-maternal
transfer of nutrients and oxygen and of waste products, respectively. Important drug-
metabolizing enzymes, such as the cytochrome (CYP) P450 enzymes, fluctuate through-
out gestation (27). The CYP3 family enzymes are detected more readily within the
placenta than the other CYP family enzymes (27). Cobicistat is an important inhibitor of
CYP3A, allowing ARV agents, such as EVG, to bypass first-pass metabolism in the liver
and other tissues (9). A few studies have measured the PK of INSTIs during pregnancy
(6). RTG has been shown to cross the placenta well, with drug concentrations detected
in cord blood plasma from mothers receiving this ARV during pregnancy (11, 14). DTG
has also been shown to readily cross the blood-placenta barrier (8). Limited data are
available to assess the placental transfer of EVG (28). Given the paucity of data and the
increasing use of EVG and DTG in clinical obstetrical practice, including the use of
EVG-COBI-TDF-FTC as a single antiretroviral regimen (and now EVG-COBI-TAF-FTC
[Stribild; Gilead], where TAF is tenofovir alafenamide), our study is helpful in under-
standing transplacental passage of INSTIs.

We show for the first time that all four drug components within a single combina-
tion regimen (EVG, TFV, FTC, and COBI), as well as DTG, were detected within maternal
circulation and placental cells in vivo, crossing from the maternal circulation to the cord
blood. We also noted, based on extracellular concentrations, that all of these agents
readily crossed the placenta into the fetal circulation, which may be important in
preventing vertical HIV-1 transmission. Low concentration ratios for EVG and DTG were
noted between cord plasma and placenta, cord plasma and maternal plasma, and cord
PBMCs and maternal PBMCs, indicating that not only were these ARVs detected in the
matrices but, more importantly, that transfer of these agents from the maternal into the
fetal circulation had occurred with relatively similar drug concentrations between
the matrices and, further, that ARVs did not accumulate at higher concentrations in one
matrix than the other.

The comparison between maternal PBMCs and cord PBMCs illustrates that both EVG
and DTG transfer from maternal plasma to the placenta and then into cord blood. TFV
moves from maternal plasma through the placenta to the cord blood and then into
cord PBMCs, where it is phosphorylated into its active form (TFV-DP). We noted that the
concentration of TFV-DP in PBMCs on the maternal side was similar to that on the fetal
side. The transfer of all ARV agents from the maternal into the fetal circulation was
associated with relatively similar drug concentrations between the matrices. These
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FIG 1 Statistical significance was evaluated at a P of 0.05 significance level, and data analyses were
performed using SAS v9.4 (SAS, Cary, NC) and R v3.3 (R Foundation for Statistical Computing, Vienna,
Austria). Concentrations of EVG, DTG, and COBI, as well as FTC and TFV, were summarized using medians
and interquartile ranges and minimums and maximums and are visually represented with box plots.

agents did not accumulate at higher concentrations in one matrix than the other.
Variable detection of ARVs in the fetal circulation allude to different mechanisms of
transplacental drug transfer.

No previous studies have analyzed the intracellular concentrations of any ARVs
within the placenta. Detection of both INSTIs within homogenized placental tissue
predicted the detectable maternal and cord plasma concentrations, emphasizing the
importance of adequate ARV penetration intracellularly within placental cells.

Limitations and future directions. Scarce data on placental transfer of DTG exist,
with no prior studies previously conducted. The major drawback of our study includes
a small sample size. Existing safety profile data of INSTIs are limited during pregnancy.
Since our study had a small sample size, future larger prospective studies should
evaluate intra- and extracellular placental concentrations of these ARVs. In addition, we
did not measure unbound concentrations, thus limiting our ability to assess the toxicity
of these compounds.
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TABLE 3 Summary of drug concentrations and ratios between the placenta, PBMC, and plasma matrices

Median value (minimum, maximum) for indicated drug?

Drug characteristic EVG (n = 10) COBI (n = 10) DTG (n = 3) FTC (n = 10) TFV (n = 10)
Concn in placenta (ng/qg) 532.5 (10.1, 3,891) 146.5 (5.1, 2,673) 318 (10.1, 411) 188.5 (16.7, 3,990) 21.9 (0.5, 345)
Concn in maternal PBMCs (ng/10° cells) 0.64 (0.02, 6.64) 0.58 (0, 2.79) 0.26 (0.1, 2.87) 1.4 (0.39, 4.68)° 0.04 (0.03, 0.17)®
Concn in cord PBMCs (ng/10° cells) 0.53 (0.02, 6.65) 0.12 (0.01, 1.77) 0.26 (0.25, 1.47) 1.64 (0.08, 4.88)° 0.06 (0.05, 0.13)®
Concn in maternal plasma (ng/ml) 658.5 (1.1, 1,263) 604 (8.19, 1,651) 2,634 (1,697, 4,806) 667 (89.6, 2,045) 94.6 (22.6, 155)
Concn in cord plasma (ng/ml) 210 (41.3, 1,001) 11.5 (0.38, 1,595) 1,803 (1,778, 8,078) 545 (103, 1,487) 38.5 (6.07, 155)
Cord plasma/placenta ratio 1.01 (0.05, 58.5) 0.29 (0, 41.4) 19.7 (5.59, 178.5) 4.22 (0.28, 8.56) 1.98 (0.43, 12.1)
Cord plasma/maternal plasma ratio 0.71 (0.18, 181.8) 0.09 (0.01, 1.21) 1.06 (0.68, 1.68) 0.95 (0.35, 2.04) 0.62 (0.33, 1.38)
Cord PBMC/placenta ratio 0 (0, 0.11) 0 (0, 0.02) 0 (0, 0.02) 0.01 (0, 0.03) 0 (0, 0.01)

Cord PBMC/maternal PBMC ratio 1.36 (0.03, 60) 0.49 (0.12, 1.25) 1(0.51, 2.5) 1.41 (0.06, 2.4) 1.45 (1.38, 1.62)
Cord plasma/cord PBMC ratio 537.3 (136.8, 6,150) 210 (6, 2,149) 7,212 (1,210, 31,069)  571.1 (21.1, 2,675) 721.6 (95.2, 2,691)

aCOBI, cobicistat; EVG, elvitegravir; DTG, dolutegravir; FTC, emtricitabine; TFV, tenofovir; PBMCs, peripheral blood mononuclear cells.
bThese data represent the phosphorylated metabolites in PBMCs (tenofovir diphosphate and emtricitabine triphosphate).

A recent study documented that cART, which includes an INSTI backbone, induces
a more rapid reduction in HIV-1 RNA viral load than other regimens during pregnancy,
which may be important if HIV-1-infected pregnant women present late to prenatal
care or have failed to initiate an appropriately selected ARV regimen (29). Given our
findings and previous data (7, 29, 30), consideration should be given to the use of the
newer-generation INSTIs as part of a first-line preferred regimen during pregnancy.

We have previously studied the role of placental Hofbauer cells (placental macro-
phages) from HIV-1-infected pregnant subjects and their ability to reduce the replica-
tion and dissemination of CCR5-tropic HIV-1g4,, in vitro, offsetting MTCT (31). With our
extensive experience with this unique placental cell type, future studies could assess
their potential association with transplacental passage of not only INSTIs but also other
novel ARV agents, as a means of prevention of MTCT of HIV-1. This is the first study to
characterize pharmacologic transfer of ARVs in the placenta at a cellular level.

MATERIALS AND METHODS

Subject enrollment procedure. We conducted a prospective cohort pilot study of HIV-1-infected
pregnant women receiving prenatal care at Grady Memorial Hospital in Atlanta, GA, between April 2015
and June 2016. The women were receiving 150 mg elvitegravir (EVG), 200 mg emtricitabine (FTC), 300
mg tenofovir disoproxil fumarate (TDF), and 150 mg cobicistat (COBI) (Stribild; Gilead) or 50 mg
dolutegravir (DTG) within a combined ARV regimen. All of these women were managed in the Grady
Memorial Hospital HIV prenatal clinic, which is staffed by maternal-fetal medicine physicians.

Eligibility criteria included pregnancy, HIV-1 infection, age of >18 years, receipt of prenatal care at
Grady Memorial Hospital, and English speaking. Exclusion criteria included pregnant women with
coexisting psychiatric iliness or coexisting hepatitis B or C infection. The Emory University Institutional
Review Board and Grady Research Oversight Committee approved this study. Given the once-daily
dosing frequency of the newer INSTIs, our patients received a regimen containing either EVG or DTG as
part of combination antiretroviral therapy (9).

Thirteen patients provided written informed consent during antenatal care visit and were enrolled in
our study (10 patients on EVG-COBI-TDF-FTC and 3 patients on a DTG-containing regimen). Paired
maternal and cord blood samples (10 ml) at the time of delivery were collected. Timing of cART was
recorded in relation to when samples were collected at the time of delivery. Placentae from HIV-1-
infected pregnant women receiving EVG or DTG, who delivered either vaginally or by cesarean delivery,
were obtained.

Human placental isolation. Term and preterm placentae were collected within 30 min of delivery.
A segment of a placental cotyledon was excised into 2- by 2-cm pieces, drained of excess blood, and
transported to the research laboratory. Membrane-free villous tissue was dissected from the placenta,
rinsed in sterile phosphate-buffered saline (PBS) (31) to drain residual blood from tissue, and then stored
at —80°C.

Isolation of mononuclear cells by Ficoll-Hypaque gradient centrifugation. Cord blood mono-
nuclear cells and peripheral blood mononuclear cells (PBMCs) were separated from heparinized whole-
blood samples by density gradient centrifugation on Ficoll-Hypaque (Sigma Chemical Co., St. Louis, MO)
and maintained in RPMI medium supplemented with 10% fetal bovine serum (FBS), T mM L-glutamine,
and 1% penicillin/streptomycin (Mediatech, Manassas, VA). Cells were counted, and viability was deter-
mined by trypan blue exclusion.

Quantification of cART by LC-MS/MS. Five million PBMCs were extracted with 500 ul of 70%
methanol: 100 wl of human plasma was extracted with 500 wl of methanol, and 0.25 to 0.3 g of placental
tissue was homogenized and extracted with 1 ml of acidified acetonitrile. The supernatant of each
extraction was collected and divided into two equal fractions, air dried, and reconstituted in two different
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buffers, (i) 2 mM ammonium acetate with 0.1% formic acid and (ii) 2 MM ammonium acetate with 0.1%
formic acid and methanol (40:60, vol/vol), and then subjected to LC-MS/MS analysis. A Dionex Ultimate
3000 high-performance liquid chromatography (HPLC) system (Thermo Scientific, Waltham, MA) coupled
with an AB SCIEX API 5000 triple-quadrupole mass spectrometer (AB SCIEX, Framingham, MA) with an ESI
interface operated in positive mode was used for the liquid chromatography-tandem mass spectrometry
(LC-MS/MS) analysis.
Analytes were separated by a Kinetex XB-C,4 column (100 by 2.1 mm) with a particle size of 2.6 um
(Phenomenex, Torrance, CA, USA) at a flow rate of 200 wl/min. Gradient elution was used for the
separation with mobile phase A (2 mM ammonium acetate with 0.1% formic acid) and mobile phase B
(acetonitrile). Target compounds were detected using a multiple reaction monitoring (MRM) mode. The
precursors to product ion transitions were monitored at m/z 248 to 130, m/z 288 to 176, m/z 448.2 to
344.1, m/z 776.6 to 606.2, and m/z 420.1 to 136.1 for FTC, TFV, EVG, COBI, and DTG, respectively. Analyst
software version 1.5.2 was used to operate the mass spectrometer and to perform data analysis.
Calibration curves were generated from standards of cART by serial dilutions in blank biometric samples
using the same extraction method described above. The calibration curves had r? value greater than 0.99.
Statistical significance was evaluated at the 0.05 significance level, and data analysis was performed
using SAS v9.4 (SAS, Cary, NC) and R v3.3 (R Foundation for Statistical Computing, Vienna, Austria).
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