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Abstract

Background: Clinical interpretation of the reduced dolutegravir (DTG) plasma concentrations
reported during pregnancy is complicated by its high plasma protein binding. Plasma proteins
significantly decrease during pregnancy and understanding changes in DTG protein binding
and its therapeutically active unbound concentrations are necessary to evaluate the impact of
pregnhancy changes on DTG pharmacokinetics.

Methods: Retrospective assessment of plasma samples from pregnant women living with HIV
enrolled in the International Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT)
Network P1026s study receiving 50 mg DTG film-coated tablets once daily as part of clinical

care. Unbound and total DTG concentrations were determined pre-dose (Cg) and at maximum
(Cmax) concentrations during the second trimester (2T), third trimester (3T) and postpartum (PP).
Percentage unbound was calculated as the ratio of ultrafiltrate unbound DTG concentration to total
DTG concentration.

Results: Twenty-nine mothers were included for protein binding evaluations, 15, 27 and 23 from
the 2T, 3T, and PP, respectively. DTG %unbound for Cy and Cp,ax Were significantly different by
stage of pregnancy, with 3T significantly higher compared to PP; 1.02% vs. 0.69% (p=0.0067) for
Cp and 0.76% vs. 0.46% for Cmax (p=0.0056). Median (IQR) unbound concentrations for Cq were
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6.3 (4.7-18.4) for the 2T, 8.0 (5.6-16.9) for the 3T, and 13.3 (8.4-22.7) ng/mL PP, significantly
different between 2T and PP (p=0.0039), but not different between 3T and PP (p=0.46).

Conclusion: Lower total DTG plasma concentrations during pregnancy coincide with temporal
decreases in DTG protein binding, resulting in comparable unbound DTG concentrations during
the 3T and PP.

INTRODUCTION

Antiretroviral treatment (ART) is essential for all pregnant and breastfeeding women living
with HIV for their own health and to prevent mother-to-child transmission (PMTCT)

of HIVL. Among the 1.3 million pregnant women with HIV globally in 2021, 81%

received ART for PMTCT?2. The selection and dosing of antiretroviral (ARV) drugs to

treat HIV during pregnancy is complex. In addition to the primary concerns regarding

safety of the mother and fetus, standard adult doses of ARVs may not be appropriate

for pregnant women3. Physiological, anatomical, and biochemical changes associated

with pregnancy can have a significant impact on drug disposition®. Subtherapeutic ARV
concentrations during pregnancy may lead to maternal viremia, selection of resistant viruses,
and consequently an increased risk of vertical HIV transmission. The potential impact of
pregnancy on ARV pharmacokinetics was evident with recent data demonstrating lower drug
exposure of cobicistat-boosted ARVs during pregnancy®®, leading the U.S. Food and Drug
Administration (FDA) to recommend against their use during pregnancy.

Dolutegravir (DTG) is an integrase strand transfer inhibitor (INSTI) approved for use in
combination with other ARVs for the treatment of adults and children with HIV7:8. Due

to its high potency, favorable tolerability and safety profiles, and high barrier to resistance,
DTG is recommended as one of the preferred ARVs in the U.S. and WHO treatment
guidelines?. Dolutegravir is widely used as part of the generic TLD fixed-dose combination
[dolutegravir (50 mg), tenofovir disoproxil (300 mg), and lamivudine (300 mg)]. Over 18
million people living with HIV receive TLD or DTG for 15t and 2"-line treatment in

low- and middle-income countries (LMICs), representing ~80% of adults on ART in these
settings®. Although pregnant women were excluded from trials conducted as part of the
DTG drug development program, several post-licensing studies have assessed DTG use
during pregnancy and lactation. Our team (IMPAACT P1026s) was the first to describe the
pharmacokinetics and safety of DTG in pregnant women living with HIV and found that
total plasma DTG drug exposures were on average 29% lower during the third trimester
compared to postpartum?C. Clinical interpretation of lower total DTG drug exposures is
complicated due to high plasma protein binding (>99%) in nonpregnant adults, with <1% of
DTG unbound (or “free’) to exert therapeutic effect. The concentrations of plasma proteins,
principally albumin and alpha-1 acid glycoprotein (AAG), significantly decrease during
pregnancy due to plasma volume expansion and increased urinary protein excretionll,
Increased competition for protein binding sites from steroids and placental hormones can
also decrease drug binding to plasma proteins during pregnancy. These changes in protein
binding during pregnancy can lead to higher free drug concentrations and increased drug
clearance. Therefore, understanding pregnancy-related changes in DTG protein binding and
unbound concentrations is critical to interpreting the decrease in total DTG exposurel2.
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In this context, using available samples from pregnant women who received DTG as part
of clinical care and had pharmacokinetic sampling through the IMPAACT P1026s study,
our objectives were to assess the degree of plasma protein binding of DTG, and quantify
unbound DTG concentrations during pregnancy (2" and 3" trimesters) and post-partum.

METHODS

The International Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT) Network
P1026s study was an open-label, parallel-group, multi-center, phase 1V pharmacokinetic and
safety study of ARVs and related drugs during and after pregnancy (NCT00042289). P1026s
used an opportunistic design, enrolling pregnant women living with HIV who were already
receiving ART as part of clinical care. The current analysis includes women prescribed

50 mg DTG film-coated tablets orally once daily. Informed consent was obtained from all
participants. The study was approved by the institutional review boards of participating sites
and performed in accordance with the ethical standard of the 1964 Declaration of Helsinki.

Steady-state 24-hour intensive blood sampling for pharmacokinetic assessments were
performed during the 2nd trimester (2T, optional), 3™ trimester (3T), and 612 weeks
postpartum (PP). Blood samples were drawn pre-dose and at 1, 2, 4, 6, 8, 12 and 24 hours
post-dose. Albumin levels were measured at each visit. The primary results describing the
pharmacokinetics of total plasma DTG concentrations have been previously reported1?. In
this analysis, unbound DTG concentrations and percentage unbound were determined for
the pre-dose (Cp) and maximum (Cp,ax) concentration in the intensive pharmacokinetic
profile for each participant at each visit. Drug measurements were performed at the
IMPAACT Pediatric Clinical Pharmacology Laboratory at the University of California, San
Diego, USA, which participates in the DAIDS supported external pharmacology quality
control program. The unbound DTG fraction was obtained by ultrafiltration. Both total

and unbound concentrations were determined by liquid chromatography tandem mass
spectrometry assay and was validated over the concentration range of 3.91-2,000 ng/mL
for total DTG concentrations and 1.56-100 ng/mL for unbound DTG concentrations (in

10 KDa ultrafiltrate). The accuracy and precision were <+/— 10% and 5%, for total and
unbound DTG, respectively. The %unbound was calculated as the ratio of unbound DTG
concentration to total DTG concentration x 100. Unbound concentration below the lower
limit of quantification of the assay (LLOQ) were assigned a value of half of the LLOQ (0.78
ng/mL) for the analysis.

Ninety percent confidence limits (90%CI) of the geometric mean ratio for albumin level,
DTG %unbound, and DTG unbound concentrations in antepartum versus postpartum
conditions (2T vs. PP, and 3T vs. PP) were calculated. Within-subject comparisons between
antepartum and postpartum were also compared using a Wilcoxon signed-rank test, with
p<0.10 considered statistically significant. Data points with protein binding <98% were
considered outliers and excluded. Linear regression was utilized to compare albumin levels
with DTG %unbound and unbound concentrations for Cg and Cpax Separately. All statistical
comparisons were completed using SAS v.9.4. Target thresholds for total DTG plasma
concentrations include the 90% effective concentration (ECgqq) of 320 ng/mL and the in-vitro
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90% protein-adjusted minimal inhibitory concentration (1Cgg) of 64 ng/mL13. A minimal
threshold for unbound DTG concentrations was the proposed 1Cgq of 0.85 ng/mL14,

RESULTS

Twenty-nine mothers enrolled in P1026s with a total of 132 protein binding evaluations
(matched unbound and total for Cy and Cmax) were available. Eight outlier (6%) samples
were excluded and four Cy unbound DTG concentrations were below the LLOQ of the
assay. Of these 29 participants, data from 15, 27 and 23 during the 2T, 3T, and PP,
respectively, were analyzed for protein binding evaluations. Demographics and selected
laboratory values are summarized in Table 1. Albumin levels were 13% lower in the 2T
(n=7, p=0.078, GMR=0.87, 90%CI 0.78-0.98) and 18% lower in the 3T (n=13, p=0.0017,
GMR=0.82, 90%CI 0.76-0.89) compared to PP. A significant relationship between
%unbound and albumin concentrations for Cg (p=0.004, R2=0.25) and Cpx (p=0.015,
R2=0.12) was observed.

The DTG %unbound for Cg and Cpax 2T, 3T and PP are presented in Figure 1 (a-b).

The median (interquartile rage, IQR) %unbound for Cy was 0.85% (0.76-0.98%), 1.02%
(0.78-1.14%), and 0.69% (0.49-0.88%); and for Cpax Was 0.69% (0.50-0.84%), 0.76%
(0.60-1.01%), and 0.46% (0.34-0.70%) for 2T, 3T and PP, respectively. For 2T vs. PP, DTG
Co %unbound was not significantly different (n=10, p=0.38, GMR=1.41, 90%CI 0.91-2.20);
while DTG Cmax %unbound was significantly higher (n=12, P=0.09, GMR=1.71, 90%ClI
1.18-2.49). For 3T vs. PP, DTG Cy %unbound (n=17, p=0.0067, GMR=1.49, 90% ClI
1.13-1.96) and Cmax %unbound (n=20, P=0.0056, GMR= 1.50, 90% CI 1.27-1.77) were
approximately 50% higher in the 3T compared to PP.

Dolutegravir unbound (“free’) concentrations for Cy and Cp,ax Samples 2T, 3T and PP

are shown in Figure 1 (c-d). Median (IQR) unbound concentrations for Cy were 6.3 (4.7—
18.4), 8.0 (5.6-16.9), and 13.3 (8.4-22.7) ng/mL; and Cyax Were 24.4 (14.9-32.0), 25.8
(20.9-33.3), and 24.6 (16.0-36.3) ng/mL for 2T, 3T, and PP, respectively. Unbound DTG

Co was significantly (61%) lower in 2T (n=10, p=0.0039, GMR=0.39, 90%CI 0.19-0.82)
compared to PP; while unbound DTG C,ax Was not significantly different (n=12, p=0.52,
GMR=1.03, 90%CI 0.69-1.55). Both unbound DTG Cy (n=17, p=0.46, GMR=0.77, 90%ClI
0.51-1.17) and Cpax (=20, p=0.38, GMR=1.13, 90%CI 0.96-1.32) during the 3T were not
significantly different compared to PP.

Among sixty DTG Cy samples, 55 (92%) total plasma concentrations were above the

320 ng/mL ECq target (with only 1 of these sample below the lower 64 ng/mL 1Cqq
target); while for unbound plasma DTG Cg samples, 56 (93%) - 3 during pregnancy and 1
postpartum - were above the 1Cqq target of 0.85 ng/mL [note: LLOQ was 1.56 ng/mL; 4
samples below LLOQ].

DISCUSSION

Initial PK data on the standard adult dose of DTG (50 mg daily) during pregnancy
demonstrated significantly decreased total plasma exposures. For example, median DTG
exposures (AUCq_p4) and 24-hour post-dose concentrations (C,4) were reduced by 29-51%

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2024 December 01.
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relative to postpartum in the IMPAACT 1026s study0 and 14-29% in the PANNA study4.
The recommendation to use standard dosing during pregnancy was based on the observation
that the majority of women achieved minimum levels above /n-vitro derived inhibitory
concentrations, coupled with virologic data available in these PK studies and larger studies
in pregnant women®16. However, to fully elucidate the pharmacological impact of the
observed reduced ‘total” plasma drug concentrations of DTG during pregnancy it is essential
to consider the temporal changes in DTG plasma protein binding during pregnancy and the
associated effect on unbound, i.e., therapeutically active, drug concentrations.

Dolutegravir is highly protein bound in non-pregnant patients (>99%), so that minor changes
in binding during pregnancy can have a large impact on concentrations of unbound drug.

As a low hepatic extraction ratio drug!’, DTG elimination is expected to be largely
independent of hepatic blood flow but contingent on hepatic intrinsic clearance and fraction
unbound (7). Generally, for highly protein bound drugs with a low extraction ratio, a
decrease in protein binding is expected to increase clearance. The DTG %unbound in

our study for Cp,ax Was significantly higher during the third trimester (0.77%) compared

to postpartum (0.46%), consistent with the lower albumin concentrations observed during
pregnancy. An increase in DTG %unbound for Cp,5x Was also reported in the PANNA

study between the 3" trimester and postpartum (0.40 vs. 0.34%)%3. Interestingly, while

the trend in DTG %unbound was similar, the size of the difference and percentages were
somewhat different from our study. The DTG %unbound has been assessed in different non-
pregnant populations and found to be between 0.38%-0.55% in adults living with HIV on
ART18, 0.4%-0.5% in subjects with moderate hepatic impairment, 0.84%-1.01% in subjects
with severe renal impairment, and 0.23%-1.1% in healthy volunteers!”. Methodologies

to quantify unbound drug concentrations are non-standardized, and ultracentrifugation,
ultrafiltration, or equilibrium dialysis of plasma may be used. Methodological differences
for ultrafiltration can also contribute to variability®. These factors may explain some of the
observed differences in reported DTG %unbound.

A key finding of the current study is that unbound DTG concentrations were comparable
between the 3" trimester and postpartum, a critical timepoint at which significant decreases
in total plasma concentrations have been observed. Of note, unbound DTG CO, but not
Cmax, was significantly lower 2T vs. PP but it is unclear if was driven by the fewer number
of women or the slightly lower total drug exposure reported!®. Moreover, the unbound
DTG Cp and Cyax Values observed were in the range previously reported in non-pregnant
populations with HIV on ART17:20, This provides reassurance that the physiological changes
during pregnancy do not reduce the therapeutically active drug available that can cross cell
membranes and reach the infected cellular reservoir of HIV. This finding is also consistent
with the high virologic efficacy of DTG reported during pregnancy despite a reduction

in total plasma concentrations, highlighting the importance of including assessments of
unbound drug concentrations for highly plasma protein bound drugs during pregnnacy2.

An added value of the protein binding data generated during pregnancy is their utility

to strengthen the framework of physiologically based pharmacokinetic (PBPK) models
to predict drug disposition in pregnancy. It is anticipated that the development of robust
PBPK models that can accurately predict maternal-fetal/neonatal pharmacokinetics could

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2024 December 01.
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help accelerate studying new ARVs (and non-ARVSs) in pregnancy, including long-acting
(LA)-ARVs for HIV prevention and treatment. Indeed, DTG shares similar pharmacologic
properties to cabotegravir (CAB) and bictegravir (BIC) — including high protein binding
(>99%) — and extrapolating protein binding changes for DTG to CAB and BIC within
PBPK models may help guide initial dosing with these drugs, in particular the long-acting
CAB formulation, in this complex population. Robust assessment of the temporal changes
of common metabolic drug pathways of ARVs during pregnancy would also help improve
these PBPK models.

The current study has limitations. Predose (C0) values were used for the minimum
concentrations rather than C24 (post-dose) values. As PK sampling was performed at
steady-state it is expect that these values are similar; however, CO samples were not obtained
after observed doses, so this could have affected the observed concentrations. A statistically
significant relationship between % unbound and albumin concentrations was observed but
the relatively low R2 values indicates the linkage is relatively weak and the relationship may
be less clinically relevant. We also excluded samples that were less 98% protein bound from
the analysis; however, these outliers may have represented real values rather than assay error
and could potentially have affect the analysis.

In conclusion, the reduction in total (bound plus unbound) DTG concentrations during
late pregnancy occurs alongside decreased plasma protein binding so that unbound DTG
concentrations are comparable to postpartum. These results further support the standard
DTG dose recommendation for pregnant women.
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Figure 1:

(@) Pre-dose (Cp) dolutegravir (DTG) percentage unbound antepartum and postpartum

(b) DTG maximum concentration (Cax) percentage unbound antepartum and postpartum
(c) DTG Cg unbound antepartum and postpartum concentrations (ng/mL) (d) DTG Cpax
unbound concentrations (ng/mL) antepartum and postpartum. Dashed line represents the
proposed minimal threshold of 0.85 ng/mL [ICgqg] for unbound DTG concentrations. **
represent p-value less than 0.1 by Wilcoxon signed-rank test.
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Table 1:
Participant Characteristics
Demogr aphic? Trsﬁlcwtgtder Thirc(iNTzrér;)ester PO(S[t\jpjzr:t;;Jm
(n=15)

Gestational Age (weeks) 24 (20 — 25) 33(30-37) 48 (44 - 62)
Age (years) 31 (21 -42) 31 (21 -42) 32 (21-42)
Weight (kg) 81.8 (46.8 -138.5) | 84.7 (51.4 -141.1) | 79.2 (45.9 -137.9)
Albumin (g/dL) ¥ 35(3.2-3.8) 3.4 (2.8-4.0) 4.2(3.0-4.6)
Ethnicity Black (80%) Black (74%) Black (74%)

Other (20%) Other (26%) Other (26%)

#Values: median (range);

*

N=13, 18, 14, respectively; postpartum albumin concentrations were significantly higher than values during pregnancy
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