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Abstract

Pharmacokinetic boosting of antiretroviral (ARV) therapies with either ritonavir or cobicistat is
used to achieve target drug exposure, lower pill burden, and provide simplified dosing schedules.
Several ARVs require boosting, including the integrase inhibitor elvitegravir as well as protease
inhibitors such as darunavir, atazanavir, and lopinavir. The use of boosted regimens in pregnant
women living with HIV has been studied for a variety of ARVs; however, a recent
recommendation by the US Food and Drug Administration advised against cobicistat-boosted
regimens in pregnancy due to substantially lower drug exposures observed in clinical
pharmacokinetic studies. The objectives of this article are to review pharmacokinetic enhancement
of ARVs with ritonavir and cobicistat during pregnancy and postpartum, describe clinical
implications, and provide recommendations for future research.
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The US Perinatal HIV Guidelines recommend that all pregnant women with HIV receive
antiretroviral therapy (ART) throughout pregnancy.! The main goals of therapy are to
maximize virologic suppression, prevent perinatal HIV transmission, and minimize maternal
and fetal adverse effects. The perinatal use of ART has reduced rates of HIV mother-to-child
transmission from 15% to 30% to <2% in the United States and Europe. Pharmacokinetic
studies of antiretrovirals (ARVS) in pregnant women are necessary to determine safe and
effective doses for both mother and fetus.

Physiological changes during pregnancy impact drug disposition in a variety of ways.?
Temporal changes in drug disposition occur during pregnancy for several reasons, including
alterations in gastrointestinal absorption, drug distribution, expression and activity of drug-
metabolizing enzymes, and renal excretion.? For example, the activity of hepatic cytochrome
P450 (CYP) 3A is increased by between 50% and 100% during pregnancy.3 ARVs that are
primarily eliminated by CYP3A-mediated metabolism, such as protease inhibitors (PIs),
typically show decreased exposure during pregnancy. Pregnancy also leads to reduced
concentrations of albumin and as-acid glycoprotein, which results in decreased plasma
protein binding for some drugs.3 Many ARVs bind extensively to plasma proteins, and only
the unbound drug can cross cell membranes and reach the infected cellular reservoir of HIV.
Decreased protein binding in pregnancy may lead to higher unbound concentrations, but the
overall effect of pregnancy can affect total and unbound ARV concentrations differently. For
example, total concentration of an ARV may decrease while unbound concentrations remain
consistent, suggesting no dose change is necessary; in other situations, pregnancy may
decrease both the total and unbound concentrations of an ARV, leading to a dose adjustment
or avoidance of the drug in pregnancy.

Pharmacokinetic boosting of ARVs is used to increase drug exposure, lower pill burden, and
provide simplified dosing schedules (ie, once-daily dosing).# The use of pharmacokinetic
(PK) boosting to increase exposure of other HIV medications began as early as 1997 with
the discovery that ritonavir increased levels of saquinavir.® Ritonavir, a Pl and strong
CYP3A inhibitor, inhibits the metabolism of other concomitantly administered Pls that are
CYP3A substrates. Ritonavir is commonly used at subtherapeutic doses to boost other Pls
such as darunavir, lopinavir, and atazanavir.

Cobicistat is a second-generation PK enhancer first approved by the US Food and Drug
Administration (FDA) in 2012 as part of a single-tablet fixed-dose combination product to
increase systemic exposure of elvitegravir and is currently also used to boost the Pls
darunavir and atazanavir. Unlike ritonavir, cobicistat has no anti-HIV activity.” Cobicistat
has several advantages over ritonavir, including more selective inhibition of CYP3A4.7 In
November 2018, the FDA released a statement that cobicistat-containing ART is not
recommended during pregnancy.8 The product labels for cobicistat with atazanavir or
darunavir, as well as for elvitegravir/cobicistat/emtricitabine/tenofovir, were updated to
indicate that these products are not recommended for initiation or continued use during
pregnancy. These labeling changes were made due to substantially lower exposures of
cobicistat, elvitegravir, darunavir, and atazanavir observed in PK studies during pregnancy.
8.9 The FDA recommendation also explicitly states that darunavir/ritonavir and atazanavir/
ritonavir remain viable treatment options for pregnant women.

J Clin Pharmacol. Author manuscript; available in PMC 2021 June 25.
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The objectives of this article are to review PK enhancement of ARVs with cobicistat and
ritonavir during pregnancy and postpartum, describe clinical implications, and provide
recommendations for future research.

Ritonavir was the third PI to be licensed, receiving FDA approval in 1996. Ritonavir was
initially used as an antiviral agent before later pharmacologic analyses demonstrated its
advantage in combination therapy as a low-dose booster for other PIs.19 However, the use of
full-dose ritonavir as an antiviral is no longer recommended because of its low potency and
poor tolerance due to the side effect profile and associated toxicities, including nausea,
headache, diarrhea, elevated hepatic enzymes, and elevated serum cholesterol and
triglycerides.10.11

The concomitant administration of ritonavir at subtherapeutic doses (100-400 mg daily)
affects the bioavailability and elimination of many other ARVs.12 Ritonavir has a complex
drug interaction profile. Ritonavir is a strong inhibitor of CYP3A enzyme present in both the
intestinal tract and liver, thus inhibiting the metabolism of other drugs that are substrates of
this enzyme. Ritonavir also exhibits a biphasic, time-dependent effect on the efflux
transporter P-glycoprotein (P-gp) of inhibition followed by induction.13 Along with
inhibiting CYP3A, ritonavir also inhibits CYP2D6 and induces CYP1A2, CYP2CY9,
CYP2C19, and CYP2B6.13 14 Thus, ritonavir coadministered with drugs metabolized by
CYP3A and CYP2D6 leads to increased plasma concentrations, whereas coadministration
with drugs metabolized by CYP1A2, CYP2C9, CYP2C19, and CYP2B6 leads to decreased
plasma concentrations and potential therapeutic failure. Drugs that are metabolized by a
combination of these enzymes may be subject to increased or decreased exposure when
coadministered with ritonavir, depending on the relative contribution of each individual
pathway and the degree to which it is affected by ritonavir.

Ritonavir-boosted Pls, specifically darunavir/ritonavir or atazanavir/ritonavir, are
recommended in nonpregnant adults in certain clinical situations.1> While boosted Pls
generally carry the disadvantage of greater drug interaction potential, darunavir/ritonavir
may be appropriate for patients who urgently need to start ART before resistance results are
available due to boosted darunavir’s high barrier to resistance and low rate of treatment-
emergent resistance. Ritonavir-boosted atazanavir, darunavir, or lopinavir can also be used as
a second-line regimen for nonpregnant adults.1®> Atazanavir/ritonavir and darunavir/ritonavir
are the preferred Pls for use in ARV-naive pregnant women, with lopinavir/ritonavir as the
alternative P1.1 While other boosted Pls, including fosamprenavir, indinavir, saquinavir, and
tipranavir may be commercially available, they are no longer commonly used in clinical
practice in the United States due to the availability of more potent and safer alternatives
within the PI class.

J Clin Pharmacol. Author manuscript; available in PMC 2021 June 25.
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Pharmacokinetics of Ritonavir-Boosted Regimens in Pregnancy

Darunavir/Ritonavir

Darunavir/ritonavir is typically dosed as 800 mg/100 mg once daily in nonpregnant
treatment-naive adults or treatment-experienced adults with no prior darunavir resistance-
associated mutations or 600 mg/100 mg twice daily for treatment-experienced adults with
darunavir resistance-associated mutations.16:17 For once-daily dosing in treatment-naive
nonpregnant adults (800 mg/10 mg), the median area under the plasma concentration—time
curve from time zero to 24 hours after dosing at steady state (AUCq.p4 ss) for darunavir was
69.35 g « h/mL at week 4, 63.49 1g » h/mL at week 24, and 76.85 1g « h/mL at week 48.18
In a study analyzing once-daily darunavir/ritonavir dosing in 16 pregnant women, the mean
AUC(_24 ss Was 61.30 tg « h/mL during the second trimester, 60.44 1g « h/mL during the
third trimester and 94.53 £ « h/mL postpartum.1® The AUC .24 s Tor total darunavir was
34% to 35% lower during the third trimester of pregnancy vs postpartum, but unbound
darunavir AUC at 24 hours (AUC,4) was 20% to 24% lower.19 Several studies have assessed
darunavir protein binding during pregnancy, with 1 study reporting no change in darunavir
protein binding during the third trimester2? and 2 studies reporting decreased unbound
darunavir concentrations during the third trimester,1%-21 both of which considered the change
clinically insignificant. Another study summarizing the results from 5 available PK studies
examining darunavir/ritonavir in pregnant women with HIV revealed reductions in total
darunavir plasma concentrations between 20% and 50% during the third trimester of
pregnancy.?2 A study assessing the use of an increased dose of darunavir/ritonavir (800
mg/100 mg twice daily) during pregnancy failed to show an increase in exposure compared
to the standard 600 mg/10 mg twice daily, and AUC from time zero to 12 hours after dosing
(AUC.12) remained lower and apparent clearance higher in the second and third trimesters
compared to postpartum with use of the increased dose during pregnancy (Table 1).23 Prior
studies of ritonavir-boosted darunavir during pregnancy have demonstrated minimum
plasma concentrations (Cyin) Well above the mean protein binding adjusted darunavir half
maximal effective concentration for wild-type HIV-1 (55 ng/mL) (Table 1).24 Twice-daily
dosing of darunavir/ritonavir is favored in pregnancy over once-daily dosing due to
decreased AUC and trough levels with once-daily dosing.

Atazanavir/Ritonavir

Atazanavir/ritonavir is FDA-approved for treatment-experienced and treatment-naive adult
patients living with HIV at a dose of 300 mg/100 mg once daily. In 38 pregnant women (18
without tenofovir, 20 with tenofovir), median atazanavir AUCq.p4 ss Was reduced during the
third trimester compared to postpartum for subjects not receiving tenofovir (41.9 vs 57.9 g
* h/mL; P=.02; Table 1) and for subjects receiving tenofovir (28.8 vs 39.6 1ge h/mL; P
=.04).25 During the third trimester, AUCq.24 ss Was below the PK target—defined as the
10th percentile atazanavir AUC (29.4 ug * h/mL) in nonpregnant historical controls taking
atazanavir/ritonavir 300 mg/100 mg once daily—in 33% (6/18) of women not receiving
tenofovir and 55% (11/20) of women receiving tenofovir. Despite these lower exposures
during pregnancy, intracellular/plasma ratios are similar during pregnancy and postpartum.
For example, an observational study in 25 pregnant women with HIV treated with
atazanavir/ritonavir showed atazanavir intracellular/plasma ratios of 1.32 in the first

J Clin Pharmacol. Author manuscript; available in PMC 2021 June 25.
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trimester, 1.34 in the second trimester, 1.38 in the third trimester, and 1.07 postpartum.26 A
separate study in 17 women comparing atazanavir/ritonavir 300 mg/100 mg daily exposure
during the third trimester to postpartum demonstrated concentrations above the wild-type
HIV 90% inhibitory concentration.2” Due to these lower exposures of atazanavir/ritonavir
300 mg/100 mg daily during pregnancy, a study assessing the PK in pregnancy of an
increased dose of atazanavir/ritonavir 400 mg/100 mg demonstrated adequate atazanavir
exposure during the second and third trimester of pregnancy.28 Another study showed that
lower atazanavir exposure during pregnancy was not associated with a lack of virologic
suppression at delivery.2? Therefore, the standard dose of 300 mg/100 mg is recommended
for some patients (including treatment-naive women), but careful monitoring is warranted. A
dose adjustment of atazanavir to 400 mg should be considered for treatment-experienced
patients, especially those taking tenofovir or medications that alter atazanavir bioavailability
such as Hy receptor blockers (eg, famotidine, ranitidine).2

Lopinavir/Ritonavir

Lopinavir/ritonavir has been evaluated in multiple PK studies in nonpregnant adults.30:31
Population PK models have been developed to quantitatively describe the boosting effect of
ritonavir on lopinavir. Ritonavir decreases the apparent oral clearance (CL/F) of lopinavir by
39%.32 Lopinavir/ritonavir has also been studied extensively in pregnancy. Lopinavir/
ritonavir was originally approved as a soft-gel capsule, which was later replaced by a heat-
stable tablet formulation with improved bioavailability.33:34 A systematic review including 9
studies and 2675 lopinavir/ritonavir-treated pregnant women supports the safety and efficacy
of the standard dose of 400 mg/100 mg twice daily, suggesting no unique safety or efficacy
concerns with the standard dosing.3® An intensive PK study comparing the capsule
formulation to the tablet formulation in 19 pregnant women (8 in capsule group, 11 in tablet
group) demonstrated total lopinavir exposures in the third trimester were lower than those in
the second trimester (35% and 28% for capsule and tablet group, respectively) and
postpartum (35% for tablet group) (Table 1 shows parameters for the tablet formulation).33
Notably, the AUC_1» was 15% higher in the third trimester and Cpax Was 25% higher in the
tablet formulation group.33 Due to the reduced lopinavir concentrations of both the capsule
and tablet formulations during pregnancy, studies assessing an increased dose of 533 mg/133
mg of the capsule formulation and 600 mg/150 mg of the tablet formulation demonstrate
lopinavir concentrations similar to those seen in nonpregnant adults receiving standard doses
(400 mg/100 mg twice daily).36:37 While these studies suggest that higher lopinavir/ritonavir
doses could be used during pregnancy (especially in patients who are PI experienced), other
studies have found that while lower lopinavir/ritonavir plasma levels are observed with 400
mg/100 mg dosing, the levels were not decreased below the threshold associated with
efficacy in nonpregnant treatment-naive populations (trough <1000 ng/mL).38 Additionally,
Cnin for lopinavir given at the standard dose in pregnant women was well above mean half
maximal effective concentration values of 0.04 to 0.018 pg/mL for HIV-1 laboratory strains
in 50% human serum.3°

Other factors must be considered when determining whether higher doses of lopinavir/
ritonavir are warranted. A population PK study of 154 pregnant women taking lopinavir/
ritonavir 400 mg/100 mg (standard) or 600 mg/150 mg (increased) twice daily demonstrated

J Clin Pharmacol. Author manuscript; available in PMC 2021 June 25.
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that body weight is related to lopinavir clearance and volume of distribution.4? The analysis
revealed that while standard dosing provides adequate lopinavir trough concentrations for
the majority of pregnant women, those with body weights > 100 kg and/or those with poor
adherence on the standard dose were at a higher risk of subtherapeutic trough
concentrations.“0 In contrast, a separate population PK analysis found that body weight was
not related to lopinavir volume of distribution in pregnant women,*! and increased doses in
patients with high body weight are not currently recommended. Lopinavir also extensively
binds to both aq-acid glycoprotein and albumin, which are reduced during pregnancy;
however, the resulting increase in the unbound concentration did not overcome the overall
reduction in total lopinavir concentrations during pregnancy.*2 A separate study reported
that unbound lopinavir concentrations remained unchanged during pregnancy despite dose
increases.*3 To further elucidate the differences between standard and increased doses of
lopinavir in pregnancy, a separate trial randomized 32 pregnant women to the standard dose
and 31 women to the increased dose at gestational ages between 14 and 33 weeks.*4 The
frequency of adverse events was comparable between the groups. Among women with
baseline viral load >50 copies/mL assigned to the standard dose group, 45% had an
antepartum (within the last 4 weeks of pregnancy) viral load >50 copies/mL; for those who
were assigned to the increased dose group, only 10.5% had an antepartum viral load >50
copies/mL.* Thus, while the standard dose of lopinavir/ritonavir in pregnant women
generally demonstrates comparable virologic response rates to nonpregnant adults, increased
doses may be warranted in pregnant women with HIV during the second and third trimesters
for Pl-experienced women, women who started treatment during pregnancy with a baseline
viral load of >50 copies/mL, women with body weights >100 kg during pregnancy, or those
with adherence issues.35:40:44

Uncommonly Used Protease Inhibitors

Some of the other Pls that are no longer used in clinical practice have been studied to some
extent in pregnancy. Saquinavir/ritonavir has been evaluated in multiple PK studies in
preghant women, the first of which demonstrated adequate median Cpj, (0.91 mg/L in the
third trimester and 0.86 mg/L at delivery)*® and a second study showed similar PK
parameters for weeks 24 and postpartum.#8 A third analysis of PK, efficacy, and safety of
saquinavir/ritonavir in 13 pregnant women compared to 15 nonpregnant women
demonstrated that saquinavir plasma concentrations were significantly lower in pregnant
women compared to nonpregnant women; however, all the pregnant women displayed
saquinavir AUCq.1, >10,000 ng « h/mL and 92.3% had viral load <400 copies/mL at birth.47
Thus, saquinavir exposures are lower during pregnancy with standard doses of saquinavir/
ritonavir, though not low enough to necessitate a dose change.

Fosamprenavir/ritonavir and indinavir/ritonavir pharmacokinetics have limited data during
pregnhancy. An intensive PK study of amprenavir (the active moiety of fosamprenavir) was
performed during the second and third trimesters of pregnancy and postpartum in 29 women.
The AUC_1» of amprenavir was 40% lower and apparent oral clearance was 68% higher in
the third trimester compared to postpartum (Table 1).48 Although amprenavir plasma
concentrations were lower during pregnancy and postpartum, the reduced amprenavir
concentrations were still above the exposures needed for viral suppression. For indinavir/

J Clin Pharmacol. Author manuscript; available in PMC 2021 June 25.
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ritonavir, a study conducted in 26 pregnant Thai women taking indinavir/ritonavir 400
mg/100 mg twice daily demonstrated a 42% decrease in AUCg_1» of indinavir and a 27%
decrease in Cyax in the second trimester compared to postpartum; there was a 40% decrease
in AUCg.12 and 37% decrease in Cpax in the third trimester compared to postpartum.49
Importantly, ~30% of women failed to achieve target trough concentrations of >0.10 tg/mL,
with indinavir exposure during the second and third trimesters significantly reduced
compared to postpartum. A second study in 32 pregnant women receiving indinavir/ritonavir
400 mg/100 mg twice daily demonstrated 18% of subjects had trough concentrations below
0.12 g/mL and 93% of subjects had HIV RNA levels <200 copies/mL at delivery.?0 The
available data are insufficient to provide definitive dosing recommendations for the use of
indinavir/ritonavir during pregnancy.

All 3 of these regimens—saquinavir/ritonavir, fosamprenavir/ritonavir, and indinavir/
ritonavir—are no longer used in clinical practice and are not recommended for use during
pregnancy.! Tipranavir/ritonavir is a fourth boosted PI regimen that has no data available in
pregnancy and is also not recommended.

Cobicistat

Cobicistat, approved by the FDA as Tybost in 2014, is a PK booster developed to overcome
known issues with ritonavir. Cobicistat was developed as an analog to ritonavir, yet unlike
ritonavir, does not have any intrinsic anti-HIV activity.>! One of the advantages of cobicistat
is its ease of coformulation with other antiretrovirals due to its solubility.? Ritonavir often
requires a separate capsule or tablet, which increases pill burden on patients, whereas
cobicistat can be coformulated with other ARVs into single-tablet fixed-dose combination
products. Some recently approved coformulated cobicistat products are single-tablet
regimens, including Stribild (2012, elvitegravir/cobicistat/emtricitabine/tenofovir disoproxil
fumarate), Genvoya (2015, elvitegravir/cobicistat/emtricitabine, tenofovir alafenamide
[TAF]), and Symtuza (2018, darunavir/cobicistat/emtricitabine/TAF). Other coformulated
cobicistat products, such as the combination tablets Prezcobix (2015, darunavir/cobicistat)
and Evotaz (2015, atazanavir/cobicistat) provide only part of a complete ART regimen
(Table 2). Another distinct advantage of cobicistat is its tolerability for patients, with
improved taste and a significantly lower risk of nausea and vomiting compared to ritonavir
(incidence of nausea 2% for cobicistat compared to 60% for ritonavir).523 Ritonavir’s
issues with tolerability can be especially problematic during the early stages of pregnancy.

The pharmacology of cobicistat also confers a significant benefit over ritonavir in that its
inhibition and induction of drug metabolism enzymes is more targeted. While both ritonavir
and cobicistat strongly inhibit intestinal and hepatic CYP3A, which is the primary
mechanism of their PK boosting effects, cobicistat is more targeted to CYP3A with weak
inhibition of CYP2D6 as well as minimal induction potential.>* In contrast, ritonavir inhibits
CYP3A, CYP2C8, CYP2C9, CYP2D6, and P-gp while also inducing CYP2B6, CYP2C9,
CYP2C19, UGT1A4, and P-gp.13:14 Ritonavir’s nonspecific enzyme inhibition and
induction leads to a multitude of drug-drug interactions that can be avoided with cobicistat’s
more targeted enzyme inhibition profile. Cobicistat also inhibits the intestinal efflux
transporter P-gp, which increases absorption of P-gp substrates such as TAF.5556 |n terms of

J Clin Pharmacol. Author manuscript; available in PMC 2021 June 25.
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laboratory monitoring, cobicistat increases serum creatinine without affecting renal function
due to altered proximal tubular secretion of creatinine through inhibition of drug
transporters.>’

Cobicistat is used as a PK booster for several ARVs, including elvitegravir, darunavir, and
atazanavir. Elvitegravir is a potent second-generation integrase inhibitor with a short half-
life that would normally require multiple doses per day. Notably, elvitegravir is only
available coformulated with cobicistat. Since elvitegravir is primarily metabolized by
CYP3A, several studies have leveraged boosting with ritonavir and cobicistat to improve its
bioavailability and PK. One such study comparing ritonavir vs cobicistat-boosted
elvitegravir revealed that cobicistat 150 mg resulted in bioequivalent levels of elvitegravir
and ritonavir 100 mg with significantly higher AUC and Cp,ax values (P < 0.03) but similar
trough concentration (Cyrougn) values.58 Several PK studies have also been conducted to
compare the effects of cobicistat and ritonavir on the Pls atazanavir and darunavir. Both
atazanavir and darunavir are available coformulated as single tablets with cobicistat (Table
2). A phase | crossover study of 42 healthy subjects demonstrated that atazanavir/ritonavir
300 mg/100 mg and atazanavir/cobicistat 300 mg/150 mg resulted in bioequivalent
atazanavir exposure in terms of AUC, Cpay, and Cyroygh; in contrast, atazanavir/cobicistat
300 mg/100 mg resulted in lower AUC, Cpax, and Ctmugh.59 Another phase | crossover
study of 33 healthy subjects compared the boosting effects of ritonavir and cobicistat on
darunavir, comparing darunavir 800 mg/ritonavir 100 mg to darunavir 800 mg/cobicistat 150
mg.80 The study confirmed that cobicistat 150 mg and ritonavir 100 mg led to bioequivalent
darunavir AUC, Crax, and Cyroygh Values.

Pharmacokinetics of Cobicistat-Boosted Regimens in Pregnancy

Elvitegravir/Cobicistat

A study assessing elvitegravir/cobicistat PK in 30 pregnant women compared second
trimester, third trimester, and postpartum parameters.® Elvitegravir AUC.o4 Was 24% lower
in the second trimester compared to postpartum and 44% lower in the third trimester
compared to postpartum; cobicistat AUCq.p4 Was 44% lower in the second trimester
compared to postpartum and 59% lower in the third trimester compared to postpartum.6!
The Cpin of elvitegravir was 82% lower in second trimester compared to postpartum and
86% lower in third trimester compared to postpartum; cobicistat Cpi, was similarly lowered
by 61% in second trimester compared to postpartum and 67% lower in third trimester
compared to postpartum. This study demonstrates that standard elvitegravir and cobicistat
dosing during pregnancy results in significantly lower exposure, which may increase the risk
of virologic failure and mother-to-child transmission. (Table 3) Several case studies have
also shown significantly decreased elvitegravir exposure in pregnant women.52.63
Importantly, elvitegravir Cpin values observed during pregnancy (16.8 and 18.3 ng/mL) are
well below the concentration that inhibits 95% of viral replication of 45 ng/mL. Due to the
current evidence demonstrating significantly reduced and likely subtherapeutic plasma
concentrations of elvitegravir/cobicistat, the FDA currently discourages the use of
elvitegravir/cobicistat during pregnancy.®

J Clin Pharmacol. Author manuscript; available in PMC 2021 June 25.
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Darunavir/Cobicistat

A study examining the PK of darunavir/cobicistat during pregnancy and postpartum in 25
women during their third trimester of pregnancy (second trimester data available for 16 and
postpartum data available for 18) demonstrated significantly lower darunavir exposures in
pregnhancy compared to postpartum. Comparing second trimester to postpartum darunavir
levels demonstrated a 33% lower AUCo4, a 26% lower Cpax, @ 71% lower Cpin, and a 98%
higher CL/F. In the third trimester compared to postpartum, darunavir AUC,, was 48%
lower, Cimax Was 36% lower, and Cpyin was 75% lower, while CL/F was 155% higher.54 In a
second open-label study on 6 pregnant women (second and third trimester vs 6-12 week
postpartum), total darunavir exposure was lower during pregnancy compared to postpartum.
65 During pregnancy compared to postpartum, the darunavir AUC,4 was 50% to 56% lower,
Crnax Was 37% to 49% lower, and Cp,j, was 89% to 92% lower; unbound darunavir exposure
was also reduced with AUC,4 40% to 45% lower, Crhax 32% to 41% lower, and Cpin, 88% to
92% lower.%° The cobicistat exposure was also lower in pregnancy compared to postpartum,
which may explain the significantly reduced darunavir concentrations: cobicistat AUCy4 was
49% to 63% lower, Cax Was 27% to 50% lower, and Cpi, was 83% lower during
pregnancy®® (Table 3). The data from these studies provided the basis for the FDA’s
recommendation not to use darunavir/cobicistat during pregnancy. In contrast, darunavir/
ritonavir remains a viable treatment option in pregnant women.8

Atazanavir/Cobicistat

In a small study of 6 pregnant women with HIV receiving atazanavir in fixed-dose
combination with cobicistat as part of clinical care, atazanavir exposure was lower in
pregnancy compared to postpartum.® The AUC,4 was 23% lower in the second trimester
compared to postpartum and 38% lower in the third trimester compared to postpartum; peak
and trough concentrations demonstrated a similar trend, with 16% lower Cp,,x and 65%
lower Cpyin in the second trimester compared to postpartum and 45% lower Cpy,ax and 73%
lower Cpyin in the third trimester compared to postpartum. CL/F was 15% higher in the
second trimester compared to postpartum and 61% higher in the third trimester compared to
postpartum.® This study demonstrates the effect of the second and third trimesters of
pregnancy in lowering AUCy4, Crmax, and Cpin While increasing CL/F, with the third
trimester having a greater impact on the values than the second trimester (Table 3).
Atazanavir/ritonavir remains a recommended treatment in pregnancy.®

Discussion

Cobicistat fixed-dose combinations are not currently recommended for use during pregnancy
due to low plasma concentrations of these regimens during the second and third trimesters of
pregnancy.8:55.66 Darunavir and cobicistat trough concentrations were reduced by
approximately 80% to 90% in the second and third trimesters of pregnancy compared to
postpartum.®® Comparably, second- and third-trimester concentrations of elvitegravir/
cobicistat were also lower by approximately 50% to 60% compared to postpartum.5?
Reduced boosting by cobicistat may be associated with a higher risk of virologic failure, loss
of virologic suppression, inadequate therapeutic effect, and possible development of drug

J Clin Pharmacol. Author manuscript; available in PMC 2021 June 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Salama et al. Page 10

resistance during pregnancy and postpartum.® The reproductive health policy implications
of these findings for pregnant women with HIV are significant.56

Cobicistat Adequately Boosts Tenofovir Alafenamide During Pregnancy but Not Protease
Inhibitors/Integrase Inhibitors

Several studies have been conducted to characterize the plasma pharmacokinetics of TAF
during pregnancy versus postpartum, one of which was conducted to evaluate TAF 10 mg
with 150 mg of cobicistat (n = 27 women). The second trimester showed a 21% lower
AUC,, of TAF compared to postpartum, and the third trimester showed a 14% lower AUCy4
compared to postpartum; however, there was no statistically significant difference in AUCy4
between second and third trimesters of pregnancy compared to postpartum.8” A second
study that evaluated TAF 25 mg boosted with either ritonavir or cobicistat in 17 women
showed only a 6% decrease in third-trimester TAF AUC,4 compared to postpartum, and a
38% decrease in Cpay in the third trimester compared to postpartum.®8 Like the first study,
no statistically significant difference was found between the third trimester TAF PK
parameters (including AUC»4, Crax, CL/F, apparent volume of distribution [V/F], and
elimination half-life) and postpartum. These data demonstrate that plasma TAF exposures
with cobicistat during pregnancy and postpartum are within the range of those typically
observed in nonpregnant adults.6” Thus, based on preliminary data, TAF can safely be used
with concomitant cobicistat during pregnancy. While plasma TAF levels were characterized
in these studies, there are currently no studies of intracellular tenofovir concentrations for
pregnant women using TAF.

There are fundamental differences between cobicistat’s boosting effect on protease and
integrase inhibitors compared to its boosting effect on TAF.2569 Data from TAF use during
pregnancy suggest that cobicistat effectively boosts plasma concentrations of TAF (when
used as 10 mg or 25 mg),%7 but does not optimally boost plasma concentrations of
atazanavir, darunavir, or elvitegravir.®61 This is biologically plausible because cobicistat
boosts plasma concentrations of TAF by inhibiting efflux transporters (P-gp and breast
cancer resistance protein) in the gastrointestinal tract, thereby increasing TAF’s
bioavailability (Figure 1). Unlike elvitegravir and Pls, TAF is not a substrate for hepatic
CYP3A4 metabolism. Contrarily, the reduced boosting effect of cobicistat during pregnancy
for Pls and integrase inhibitors is likely due to reduced systemic exposure of cobicistat
secondary to increased CYP3A4 and CYP2D6 activity.’9 Cobicistat boosts TAF exposures
by enhancing gut TAF absorption (Figure 1), but the low plasma concentrations of cobicistat
in pregnant women explain its failure to effectively boost darunavir or atazanavir during
pregnancy. This difference in site and mechanism of action likely explains the differences in
effectiveness of cobicistat boosting of TAF compared to protease and integrase inhibitors
during pregnancy.

Implications for Practice

When selecting an ARV regimen for pregnant women living with HIV, patient preference,
pill burden, patient adherence, efficacy, and potential drug-drug interactions are important
considerations.”! Following the FDA’s guidance on cobicistat, there will be regimen

modification from cobicistat-containing ARVs to other Department of Health and Human
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Services HIV guideline-designated preferred (ritonavir-boosted atazanavir, ritonavir-boosted
darunavir, dolutegravir, raltegravir, tenofovir disoproxil fumarate/emtricitabine, abacavir/
lamivudine) or alternative (rilpivirine, efavirenz, ritonavir-boosted lopinavir, zidovudine)
regimens before or during pregnancy. We recommend careful case-by-case consideration of
risks and benefits of possible regimen switches in women on well-tolerated ARVs with
suppressed viral load in pregnancy from cobicistat regimens to recommended or alternative
regimens, as several studies have demonstrated loss of virologic suppression at the time of
delivery in women whose antiretroviral therapies were switched during pregnancy. For
example, a 2010 prospective cohort study demonstrated that switching of antiretroviral
therapy in pregnant women with HIV was associated with an increased risk of unsuppressed
viral load (HIV RNA levels >400 copies/mL) at the time of delivery and postpartum.’2
Discontinuing and altering therapy in these pregnant women led to increased viral load,
enhanced disease progression, and an increased risk of perinatal HIV transmission. In a
different multicenter collaborative cohort of women with HIV in the United Kingdom whose
antiretroviral regimens were changed during pregnancy (62% during the first trimester, 29%
during the second trimester, and 9% during the third trimester), more than 25% of women
had unsuppressed viral load at the time of delivery, likely attributable to switching therapy
during pregnancy.’® The US Perinatal Guidelines recommend that in cases where women are
already on a well-tolerated HIV regimen that suppresses viral load to undetectable levels,
women may either switch or continue on the same regimen throughout their pregnancies
with more frequent virologic monitoring.: Therefore, caution must be exercised when
switching from cobicistat-containing antiretrovirals to other first- or second-line
medications.

Lessons Learned

The November 2018 FDA revised drug labeling for cobicistat containing antiretroviral
agents that recommended against use of cobicistat fixed-dose combinations in pregnancy
was made several years after these cobicistat-containing regimens were first approved for
use in adults in the United States.?>:66 The persistent gap between initial licensure of drugs
and availability of pertinent pregnancy-specific PK and safety information has remained a
long-standing failure of standard drug development programs. Pregnancy-specific PK and
pharmacodynamic information is not required for approval of most new drugs, and drug
development programs in the United States routinely exclude pregnant women in their phase
I1 and 111 protocols. Consequently, these cobicistat-containing fixed-dose combinations,
which provide favorable and well-tolerated alternatives to ritonavir containing antiretroviral
regimens in nonpregnant adults, were widely prescribed to pregnant women with HIV for
over 6 years before pregnancy-specific PK data describing the dangerously reduced drug
concentrations during the second and third trimesters of pregnancy became available. The
cobicistat-pregnancy experience has provided 2 key lessons: (1) Because boosters act on
different drugs via different mechanisms, pregnancy may alter the boosting effect on some
drugs but not others, as cobicistat boosting differed based on the antiretroviral drug class (as
previously discussed); and (2) it emphasized the need to encourage the recruitment and
involvement of pregnant women in early phases of drug trials (phases I1b and I11), and the
need to continue to find innovative ways to study drug disposition in pregnant women.”4
Drug development programs should include pregnant women so that pregnancy-specific PK
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and safety data are available at time of initial approval to help guide clinicians and patients
on drug selection and dosing.

Recommendations for Future Research

The research agenda for 2020 and beyond for pharmacoenhancers during pregnancy must
focus on rapidly defining optimal ARV regimens in pregnant women with HIV. To achieve
this goal, we must first encourage the recruitment, involvement, and retention of pregnant
women in early phases of drug trials (phases I1b and 111),”4 and continue to find innovative
ways to study drug disposition in pregnant women. There is a critical need and clear
obligation to conduct well-designed drug trials in pregnant women before drug approval.
Inclusion of pregnant women into clinical trials as part of drug development programs is
critical to obtain the pregnancy-specific PK and safety information necessary for these
medications to be safely and effectively used in pregnant women. The experience with
cobicistat demonstrates the risks to the well-being of pregnant women and their infants when
understanding the effects of pregnancy on drug disposition and pharmacodynamics is treated
as an afterthought left out of the pathway to drug licensure.” Use of cobicistat was common
in US pregnant women living with HIV from its initial licensure in 2012 through 2018,
when data from post-marketing PK and safety studies in pregnant women became available
showing that cobicistat use in pregnancy provided suboptimal antiretroviral therapy. At that
time, drug labels and treatment guidelines were rapidly changed to recommend that
cobicistat regimens not be used in pregnant women. There is a growing recognition that
pregnant women are not protected by being left out of drug development programs. The 21st
Century Cures Act established a Task Force on Research Specific to Pregnant Women and
Lactating Women, whose report includes as its first recommendation inclusion and
integration of pregnant women and lactating women in the clinical research agenda.”® The
FDA has released a draft guidance addressing the scientific and ethical considerations for the
inclusion of pregnant women in clinical trials, specifically mentioning the need to include
pregnant women to establish safe and effective treatment during pregnancy.’® The guidance
acknowledges that the inclusion of pregnant women should be guided by human subject
protection and risk-benefit assessment, as there is no easy way to address the ethical
considerations of including pregnant women in clinical trials. Nonetheless, the fair inclusion
of pregnant women in clinical trials necessitates that pregnant women should be included in
the earliest phases of the research process when feasible in order to further develop the
evidence base for drug use in this population.”’

Second, additional data are needed to understand whether increased cobicistat (Tybost)
dosing during pregnancy will result in adequate boosting of CYP3A-metabolized
antiretrovirals in future studies. Although cobicistat exposure is considerably decreased in
pregnancy, higher-than-standard dosing (ie, > 150 mg once daily) has not been studied
during pregnancy.56 While several studies have shown that cobicistat may increase serum
creatinine levels, this effect appears be due to inhibition of renal tubular secretion of
creatinine and not a reduction in the actual glomerular filtration rate.5”:78.79 |n addition,
cobicistat does not have the gastrointestinal adverse effects of ritonavir and was generally
well tolerated in postmarketing studies in pregnant women.%:61 Therefore, increased doses of
cobicistat are likely going to be well tolerated during pregnancy as a result of physiologic
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changes in pregnancy that favor drug disposition. There are no studies to investigate
increased doses of cobicistat in pregnancy; however, approaches such as physiologically
based PK modeling may be used to predict how increased doses of cobicistat may lead to
increased exposures of cobicistat and, in turn, the agents it is boosting during pregnancy.

Third, there is need to continue to encourage the development of newer (third-generation)
pharmacoenhancers for HIV management. Several promising pharmacoenhancer
compounds, for example, Sequoia Pharmaceutical’s SP1-452 and SPI-251 (developed for
boosting darunavir and atazanavir),80 Pfizer/ViiV’s PF-3716539,8! and Tibotec’s
TMC-55844582 all failed phase 1 trials for use as stand-alone boosters and for use in fixed-
dose combinations.83 Presently, there are no new pharmacoenhancer compounds in
development in the 2020 antiretroviral therapy new-drugs-in-development pipeline
summary.84

In conclusion, pregnancy decreases exposure to the PK enhancers ritonavir and cobicistat
and to their boosted antiretrovirals metabolized by CYP3A, but to a greater extent with
cobicistat. Clinically, this means that the theoretical risks of treatment failure and perinatal
transmission due to low exposures of these medications during pregnancy need to be
discussed with pregnant women. The use of cobicistat boosted atazanavir, darunavir, and
elvitegravir regimens are not recommended during pregnancy.! Yet the benefits and risks of
switching to alternative regimens must be carefully weighed, as several studies have
demonstrated loss of virologic suppression at the time of delivery in women whose
antiretroviral therapies were switched during pregnancy.’273 Women who continue on a
cobicistat-containing regimen during pregnancy should have absorption optimized and have
more frequent virologic monitoring.! Future research should focus on encouraging the
recruitment of pregnant women in earlier phases of drug development to enable the timely
acquisition of pregnancy-related data, studying increased doses of cobicistat in pregnant
women, and encouraging the development of newer boosters for management of pregnant
women with HIV.
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Figurel.
Mechanisms of ritonavir boosting and cobicistat boosting. (A) Ritonavir inhibits CYP3A in

both the liver and gut and demonstrates time-dependent inhibition followed by induction of
P-gp in the gut. Ritonavir also inhibits CYP2D6 in the liver while inducing CYP1A2,
CYP2C9, CYP2C19, and CYP2B6. (B) Cobicistat boosts TAF plasma exposures by
inhibiting efflux transporters (P-gp and BCRP) in gut enterocytes, enhancing oral
bioavailability. Cobicistat boosts protease and integrase inhibitors by selectively inhibiting
CYP3A metabolism in the liver and intestinal tract and by inhibiting efflux transporters (to a
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smaller extent). BRCP, breast cancer resistance protein; CYP, cytochrome P450; P-gp, P-
glycoprotein; TAF, tenofovir alafenamide.
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