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Abstract

Background—This study aims to evaluate the pharmacokinetics of an increased dose of 

darunavir (800 mg twice daily) with 100 mg ritonavir during pregnancy and postpartum.

Methods—Darunavir (DRV) and ritonavir (RTV; r) intensive pharmacokinetic evaluations were 

performed at steady state during the second and third trimesters of pregnancy (DRV/r 800/100 mg 

bid) and 2–3 weeks postpartum (DRV/r 600/100 mg twice daily). Plasma concentrations of 

darunavir and ritonavir were measured using high-performance liquid chromatography (HPLC). 

Target darunavir area under the concentration time curve (AUC) was >70% (43.6 mcg*hr/mL) of 

median AUC (62.3 mcg*hr/mL) in non-pregnant adults on twice daily darunavir-ritonavir 600/100 

mg.
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Results—Twenty-four women were included in the analysis. Darunavir AUC0–12 was lower with 

the increased dose during the second [(geometric mean ratio (GMR) of 0.62 (IQR 0.44–0.88; 

p=0.055)] and third trimesters (GMR 0.64 (IQR 0.55–0.73; p=<0.001) compared to postpartum. 

Darunavir apparent clearance was higher in during the second (GMR 1.77 (IQR 1.24–2.51; 

p=0.039) and third trimesters (GMR 2.01 (IQR 1.17–2.35; p=<0.001) compared to postpartum. 

Similarly, ritonavir AUC0–12 was lower during the third trimester (GMR 0.65 (IQR 0.52–0.82; 

p=0.007) compared to postpartum, while its apparent clearance was higher during the third 

trimester (GMR 1.53 (IQR 1.22–1.92; p=0.008) compared to postpartum. No major drug-related 

safety concerns were noted.

Conclusion—Increasing darunavir dose to 800 mg BID failed to significantly increase darunavir 

exposure compared to 600 mg BID. Other strategies, such as increasing the ritonavir dose should 

be investigated.
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INTRODUCTION

Darunavir (DRV), in combination with low-dose ritonavir, is one of the two protease 

inhibitors (PIs) currently recommended by the US Perinatal Guidelines Panel for use in 

pregnant women living with HIV for treatment of HIV infection and for prevention of 

perinatal transmission.1 In most countries, darunavir is available as 600 mg and 800 mg 

tablets, and dosed as darunavir/ritonavir (DRV/RTV) 800mg/100 mg daily for darunavir 

naïve patients and 600mg/100mg twice daily for treatment of antiretroviral experienced 

patients. Due to physiological changes that occur during pregnancy, there is decreased 

exposure to many protease inhibitors during the 3rd trimester of pregnancy.2,3

The clinical relevance of these changes during pregnancy were described in prior PK studies 

of DRV/RTV during pregnancy and postpartum.4–7 In PK studies of 600mg/100mg 

DRV/RTV twice daily and 800mg/100mg DRV/RTV, darunavir and ritonavir exposures 

(area under the concentration time curve and plasma trough concentrations) were lower 

during the third trimester of pregnancy compared to postpartum.4–7 For pregnant women 

living with HIV, these lower antiretroviral drug exposures during pregnancy can increase the 

risk of maternal viremia, and, in turn, increase the potential for drug resistance and perinatal 

transmission.8 Although plasma concentrations of RTV boosted DRV were lower during 

pregnancy compared to postpartum in these prior studies, the reduced DRV concentrations 

were still above the exposures needed for viral suppression.

Examining known pharmacokinetic-pharmacodynamic (PKPD) relationships of darunavir 

(AUC, viral response and protein-adjusted IC50/IC90) in the context of lower exposures and 

what a clinically relevant decrease means in relation to these targets is critical during 

pregnancy. Three darunavir/ritonavir randomized clinical trials - POWER I,9 POWER II10 

and POWER III11 demonstrated a dose-response relationship between darunavir plasma 

trough concentrations (Cmin) and HIV antiviral response.12,13 However, this PKPD 

relationship between Cmin and viral response were not observed in two other darunavir 
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randomized clinical trials - ODIN14 and ARTEMIS.15,16 Hence, darunavir exposure-

response data from these five trials were not sufficient to recommend a minimum trough 

concentration.17 Therefore, darunavir Cmin might not be the most appropriate PK parameter 

to evaluate DRV/RTV antiviral response. The established darunavir EC50 for wild-type virus 

and resistant-type virus are 0.055 μg/mL17,18 and 0.55 μg/mL respectively,19 while darunavir 

EC90 for wide type virus is 0.2. These parameters are frequently used for monitoring 

response of darunavir in both treatment naïve and treatment experienced patients in pregnant 

and non-pregnant adults.

Due to low darunavir/ritonavir concentrations with 800 mg once-daily dosing of darunavir in 

these studies, only the 600 mg twice-daily dosing is currently recommended by the US 

Perinatal Guidelines Panel for use in pregnancy.1 The objective of the current study was to 

evaluate the hypothesis that an increased dose darunavir (800/100 twice daily) during 

pregnancy would increase darunavir plasma exposure to levels similar to those seen in non-

pregnant women.

METHODS

The study protocol, the informed consent documents, and all subsequent modifications were 

reviewed and approved by the local institutional review board (IRB)/Ethics Committee 

responsible for oversight of the study. The study followed all relevant human subject 

research guidelines. All participants provided signed informed consent before participation, 

and the study was registered in ClinicalTrials.gov [NCT00042289]. Data were collected as 

part of International Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT) 

protocol P1026s, an ongoing, multicenter, non-blinded, prospective Phase IV study of the 

pharmacokinetics and safety of selected antiretrovirals (ARVs) in HIV infected pregnant 

women that included an arm for pregnant women receiving darunavir 800 mg with ritonavir 

100 mg twice daily.

Pregnant women living with HIV were eligible for enrollment in the second and third 

trimesters if they were receiving darunavir as part of clinical care according to the following 

dosing schedule: darunavir/ritonavir 800/100 mg twice daily during pregnancy and 

decreased to darunavir/ritonavir 600/100 mg twice daily within a week after delivery, and 

postpartum PK was performed up to 6 weeks after delivery. All antiretroviral medications 

were prescribed by the participants’ clinical care providers and dispensed by local 

pharmacies, as per local standard of care. Maternal exclusion criteria were current use of 

medications known to interfere with darunavir metabolism (including amiodarone, 

atazanavir and boceprevir), presence of hemophilia, liver disease, hyperlipidemia, 

phenylketonuria, and other clinical or laboratory toxicity that, per site investigators, would 

require a change in the antiretroviral regimen. Mothers and their infants continued in the 

study for safety evaluations until 6 months after delivery. Infant HIV status was evaluated 

during the first 6 months of life by standard laboratory tests. To be definitively diagnosed as 

uninfected, an infant needed to have at least two negative HIV nucleic acid tests with one 

after 1 month and the other after 4 months of age. Infants were classified as indeterminate if 

their available HIV nucleic acid test results were negative but did not include 2 negative tests 

with one after 1 month and another after 4 months of age.

Eke et al. Page 3

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov


Clinical and laboratory data

Maternal demographic and clinical information were abstracted from the medical record, 

including maternal HIV-1 RNA, CD4+ lymphocyte count, maternal age, ethnicity, weight 

and concomitant medications. Plasma HIV-1 RNA assays were performed locally. Study 

mothers and infants were followed through six months after delivery. Neonatal gestational 

age at the time of delivery, birth weight and HIV infection status data were collected from 

the infant’s medical record. Physical examinations were performed on neonates after 

delivery, and infant laboratory evaluations were performed as clinically indicated, and 

darunavir wash-out pharmacokinetic sampling was performed on the neonates. Maternal 

clinical and laboratory toxicities were assessed through clinical and laboratory evaluations 

on each pharmacokinetic sampling day, at delivery, and at 24 weeks postpartum. Any 

additional toxicities noted as part of clinical care were also recorded. The study team 

reviewed toxicity reports on monthly conference calls, although each participant’s physician 

was responsible for toxicity management. The Division of AIDS (DAIDS) Table for Grading 

the Severity of Adult and Pediatric Adverse Events, Version 2.0, dated November 2014, was 

used to grade adverse events for study participants.20 All toxicities were followed through 

resolution or 24 weeks postpartum.

Sample collection and drug assays

Plasma darunavir and ritonavir samples for intensive PK sampling were drawn immediately 

prior to an observed dose and at 1, 2, 4, 6, 8, and 12 hours post-dose. Samples were 

collected at 20–26 weeks gestation for 2nd trimester PK evaluation; at 30–36 weeks 

gestation for 3rd trimester PK evaluation and between the time of delivery up to 6 weeks 

after delivery for postpartum evaluation. Paired maternal and cord blood samples were 

collected at delivery and infant washout PK samples were collected at 2–10, 18–28, 36–72 

hours after birth, and at 5–9 days of life. Plasma darunavir and ritonavir concentrations were 

determined by high-performance liquid chromatography (HPLC) with ultraviolet detection 

at the University of California, San Diego Pediatric Pharmacology Laboratory. Briefly, 

plasma proteins were precipitated using acetonitrile (ACN) and supernatant injected directly 

onto a LUNA C-18 reversed phase HPLC column (Phenomenex Inc., Torrance, CA, USA). 

Drugs were separated isocratically using a mobile phase consisting of 10mM potassium 

phosphate buffer pH 4.2: ACN (62:38 v/v). The flow rate was 1.2 mL/min and ultraviolet 

(UV) detection was at 206 nm. The detection limit for both darunavir and ritonavir was 

0.09mcg/mL (1/2 limit = 0.045 mcg/mL). The mean inter and intra-assay coefficients of 

variation based on validation data (quality control samples run at multiple concentrations 

over the range of 0.092–20 ug/mL) were 5.1% and 3.8%, respectively. Darunavir and 

ritonavir were stable in plasma stored at −20°C. Darunavir and ritonavir were stable in 

plasma for over 60 days (long-term stability) at −20C, and plasma samples of both darunavir 

and ritonavir were stable over at least six freeze/thaw cycles. Concentrations below the 

detection limit were treated as half this limit for analysis.

Pharmacokinetic and statistical analysis

Darunavir and ritonavir plasma concentrations were analyzed using standard descriptive 

statistics and are presented as medians with interquartile ranges. Areas under the 
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concentration time curve (AUC) for plasma from pre-dose concentration (C0) to 12 hours 

post dose (AUC0–12) were estimated using the trapezoidal rule, with apparent clearance as 

dose/AUC0–12. Target darunavir AUC was >70% (43.6 mcg*hr/mL) of median AUC (62.3 

mcg*hr/mL) in non-pregnant adults on darunavir-ritonavir 600/100 mg twice daily. The 

P1026s protocol has an early stopping provision allowing an arm to be closed at any time 

after a minimum of 12 participants have been enrolled in an arm if six or more pregnant 

women fail to meet the PK exposure target for that arm.21 PK parameters were calculated 

with standard non-compartmental methods. Within-participant comparisons (second or third 

trimester versus postpartum) were performed for continuous outcome measures using the 

Wilcoxon signed-rank test and for dichotomous outcome measures using McNemar’s test. 

Between-participant comparisons were performed for continuous outcome measures using 

the Wilcoxon rank-sum test and for dichotomous outcome measures using the chi-square or 

Fisher exact test. A two-sided p-value <0.1 was considered statistically significant. 90% 

confidence limits for the geometric mean of the within-person ratios of the PK exposure 

parameters were calculated to describe the range of values that were consistent with the 

observed data, to assess whether there was a clinically important difference in exposure. 

Data analysis was done using WinNonlin (version 7.0; Pharsight Corporation, Mountain 

View, CA, USA) and SAS (version 9.4, SAS Institute, Cary NC).

RESULTS

Demographic characteristics and clinical outcomes for the 24 study mother-infant pairs are 

shown in Table 1. Plasma concentration data were available for 9 (37.5%) women in the 

second trimester, 24 (100%) women in the third trimester, and 24 (100%) postpartum. The 

median age of the mothers participating in this study was 26.9 years (IQR 21.4 to 34.4). 

Twelve (50%) of the 24 mothers were black, eleven were Hispanic (46%) and one (4%) was 

Asian. The median gestational age at the time of sampling was 23.9 weeks (IQR: 23.1 to 

24.7) in the 2nd trimester, 33.5 weeks (32.5 to 34.4 weeks) in the 3rd trimester, and median 

postpartum sampling time was 2.8 weeks after delivery (IQR: 2 to 3 weeks postpartum), 

Table 1.

Six women (66.7 %) had plasma HIV-1 RNA ≤50 copies/mL during the second trimester, 

twenty-one women (87.5%) had plasma HIV-1 RNA ≤50 copies/mL during the third 

trimester, twenty women (80%) had plasma HIV-1 RNA ≤50 at delivery, and seventeen 

women (70.8%) had plasma HIV-1 RNA ≤50 copies/mL in the postpartum period. The 

median CD4 count (cells/mL) was 682 (IQR, 300–761) in the second trimester, 538 (303–

911) in the third trimester, and 653 (IQR 395–911) postpartum. The median gestational age 

at delivery was 39.0 weeks (range 38.1–39.6), with an average birth weight of 3118 grams 

(range 2770 to 3405).

Darunavir pharmacokinetic data are shown in Table 2. Darunavir AUC0–12 was lower in the 

2nd trimester (geometric mean ratio, GMR 0.62 (CI 0.44–0.88; p=0.055) and 3rd trimester 

(GMR 0.64 (CI 0.55–0.73; p<0.001) compared to postpartum. Darunavir apparent clearance 

(CL/F) was higher in the 2nd trimester (GMR 1.77 (CI 1.24–2.51; p=0.039) and 3rd trimester 

(GMR 2.01 (IQR 1.17–2.35) compared to postpartum (P<0.001). Darunavir maximum 

plasma concentration (Cmax) [(GMR 0.71 (CI 0.62–0.81); p<0.001) and the last observed 
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quantifiable darunavir concentration (Clast) [(GMR 0.59 (CI 0.50–0.69); p<0.001) were 

lower in the 3rd trimester compared to postpartum. Darunavir apparent volume of 

distribution (V/F) was higher in the second trimester [(GMR 1.58 (CI 1.23–2.04); p=0.016)] 

and third trimester [(GMR 2.01 (CI 1.53–2.65); p<0.001)] compared to postpartum. Figures 

1A–D show mean darunavir concentrations (1A); darunavir area under the curve (1B); 

darunavir apparent clearance (1C); and darunavir maximum concentration (1D) in the 2nd 

trimester, 3rd trimester and postpartum respectively.

Ritonavir pharmacokinetic data are shown in Table 3. Ritonavir AUC0–12 was lower in the 

3rd trimester (geometric mean ratio 0.65 (CI 0.52–0.82; p=0.007) compared to postpartum. 

Ritonavir apparent clearance (CL/F) was higher in the 3rd trimester (geometric mean ratio 

1.53 (CI 1.22–1.92; p=0.008) compared to postpartum. Ritonavir last observed quantifiable 

concentration (Clast) [(geometric mean ratio 0.64 (CI 0.40–1.04); p=0.065)] and maximum 

serum concentration (Cmax) [(geometric mean ratio 0.67 (CI 0.54–0.83); p=0.004)] were 

lower in the 3rd trimester compared to postpartum. Ritonavir apparent volume of distribution 

(V/F) was higher in the second trimester [(GMR 2.12 (CI 1.42–3.16); p=0.012)] compared 

to postpartum. Figure 2 shows mean ritonavir concentrations in the 2nd trimester, 3rd 

trimester and postpartum.

Darunavir cord blood median (IQR) was 0.27 (0.14 – 0.55) mcg/mL in 20 samples. 

Darunavir maternal delivery sample median (IQR) was 2.33 (1.07 – 3.21) mcg/mL in 21 

samples. Median (IQR) ratio of cord/maternal darunavir concentrations was 0.15 (0.12 – 

0.17) in 16 paired measurable concentrations. Darunavir was below the quantitation limit in 

4 of the 20 cord blood samples, but was measurable in all maternal samples. For ritonavir, 

two cord blood samples were measured using an older assay method with a quantitation 

limit of 0.094 mcg/mL, and both were below quantitation. Eighteen cord blood samples 

were measured using a newer assay with a quantitation limit of 0.01 mcg/mL and 7 had 

measurable ritonavir concentrations, ranging from 0.013 – 0.035 mcg/mL. Combining cord 

blood results for ritonavir concentration from both assays, 13 of 20 samples were below 

quantitation. In the maternal delivery samples, 1 was below quantitation, and 20 of 21 had 

measurable ritonavir concentrations. The median (IQR) was 0.154 (0.106 – 0.279) mcg/mL. 

In 7 pairs of samples with measurable ritonavir concentrations in both sample types, the 

median (IQR) ratio of cord/maternal ritonavir concentrations was 0.07 (0.05 – 0.10).

All the 24 women enrolled in the cohort were on other antiretrovirals in addition to 

darunavir/ritonavir, as listed in Table 1. Four women (16.7 %) experienced adverse events 

that were possibly treatment related, including moderately increased alanine 

aminotransferase (ALT), proteinuria, oligohydramnios and intrauterine growth restriction 

(IUGR). Three infants had birth abnormalities, including a short frenulum and sacral 

Mongolian spots. None of these birth abnormalities were thought to be related to darunavir 

or ritonavir exposure. One infant had an adverse event, hyperbilirubinemia, which was 

thought to be unrelated to darunavir or ritonavir exposure.
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DISCUSSION

Pregnancy is known to modify the activity of some drug metabolizing enzymes, impacting 

drug exposure.22 Previous pharmacokinetic data from the IMPAACT P1026s and the 

Pediatric AIDS Clinical Trials Group (PACTG) 353 studies demonstrated decreases in 

exposure during pregnancy with standard doses of other CYP3A4 metabolized 

antiretrovirals, including lopinavir, atazanavir, and nelfinavir.23–27 In subsequent trials, these 

decreased drug exposures were overcome with increased doses of lopinavir, atazanavir, and 

nelfinavir during the third trimester of pregnancy, to achieve drug exposures during 

pregnancy equivalent to those seen in nonpregnant adults.25,28

In prior studies of the pharmacokinetics of darunavir during pregnancy, darunavir AUC and 

Cmax were substantially decreased in pregnancy with standard darunavir/ritonavir once and 

twice daily dosing. Darunavir plasma area under the curve (AUC) during the second and 

third trimester compared with postpartum was reduced by 26% with darunavir/ritonavir 600 

mg/100 mg twice daily and by 38–39% with 800 mg/100 mg once a day dosing. Darunavir 

trough concentrations with twice daily dosing were not different from postpartum but with 

once daily dosing they were reduced by 63% during the second trimester and 57% during 

the third trimester compared to postpartum.4–7 Therefore, the US Panel on Treatment of 

Pregnant Women with HIV Infection and Prevention of Perinatal Transmission recommends 

use of darunavir 600 mg twice daily and not 800 mg once daily during pregnancy because of 

the reductions in trough darunavir concentrations seen with once-daily dosing during 

pregnancy. Given the experience with use of increased doses of other protease inhibitors 

during pregnancy, we postulated that increasing the dose of darunavir during pregnancy 

would increase maternal darunavir drug exposure. However, in the current study, use of an 

increased dose of 800/100mg DRV/RTV BID during pregnancy resulted in larger differences 

between darunavir exposure during pregnancy and postpartum, with mean darunavir AUC 

38% lower in the second trimester and 36% lower in the third trimester compared to 

postpartum darunavir AUC with the use of 600/100 mg DRV/RTV BID in the same women.

Darunavir is a substrate and inhibitor of cytochrome P450 (CYP3A) enzymes, and is almost 

exclusively metabolized by these CYP3A isoforms,27 while ritonavir, an inhibitor of 

CYP3A4, is administered as a booster to increase the plasma concentration of darunavir. 

Darunavir/ritonavir combinations may induce CYP2C9 and CYP2C19 enzymes. Ritonavir 

inhibition of darunavir metabolism occurs in the liver, and the reduction in plasma ritonavir 

concentration seen in pregnancy may lead to reduced ritonavir inhibition of darunavir 

metabolism and lower darunavir exposure. The increased dose of darunavir we used during 

pregnancy may have been inadequate to overcome the effect of the reduction in plasma 

ritonavir exposure. P-gp inhibition by ritonavir may also explain some of the failure of the 

increased pregnancy dose to result in increased darunavir exposure. Ritonavir can cause 

mixed inhibition/induction of P-gp, and ritonavir in the gut may lead to reduced darunavir 

absorption, which could not be overcome by the increased darunavir dose.

Darunavir is known to be highly protein-bound, with about 95% bound to plasma proteins 

(mainly alpha 1-acid glycoprotein).27 Plasma protein binding of drugs to albumin and alpha 

1-acid glycoprotein decreases during pregnancy due to reduced concentrations of both 
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binding proteins.27 Previous studies on darunavir protein binding during pregnancy suggest 

that while there is a marked reduction in total serum concentrations of darunavir in 

pregnancy, the reduction in protein binding may allow the concentration of unbound 

darunavir and antiviral activity to be maintained during pregnancy.4–6

Examining known PKPD relationships of darunavir (AUC, viral response and protein-

adjusted IC50/IC90) in the context of lower exposures and what a clinically relevant decrease 

in relation to these targets, is critical during pregnancy. Steady state PKPD and efficacy 

relationships show that trough concentrations (Cmin) of darunavir are not a good predictor of 

decrease in viral load, as darunavir exposure-response data were not sufficient to 

recommend a minimum trough concentration.17,19 However, the darunavir trough 

concentrations (Cmin) during the second and third trimesters, including postpartum (Table 2), 

were all greater than 10-fold above the mean darunavir protein-adjusted IC50 of 0.055μg/mL 

(55 ng/mL), 5-fold above the mean darunavir protein-adjusted IC50 of 0.55 μg/L for resistant 

virus,5 and greater than 10-fold above the mean darunavir protein-adjusted EC90 of 0.2 μg/L 

for wild-type virus. Although lower during pregnancy compared to postpartum, protein 

bound darunavir concentrations remained well above the viral activity of HIV as shown by 

its effect on the EC50 and EC90, and there were no recorded cases of perinatal transmission 

of HIV.

Pharmacogenomic drug-drug interactions could also contribute to reduced darunavir 

concentrations during pregnancy. CYP3A5 polymorphisms have been demonstrated to lower 

darunavir plasma exposure in participants who express CYP3A5 compared to non-

expressors.29 CYP3A5 activity is extremely dependent on the genetic status of participants 

due to various genetic polymorphisms related to CYP3A5 activity, leading to either loss or 

gain of function variants. The most prevalent loss-of-function variant of CYP3A5 in 

pregnant and non-pregnant adults is CYP3A5*3.29 This single nucleotide polymorphism 

(SNP) comprising of a change within intron 3, affects messenger RNA splicing, resulting in 

a truncated non-functional protein.29,30 As a result, only participants carrying at least one 

CYP3A5*1 (wild-type) allele in pregnancy express functional CYP3A5 activity, while 

participants who are homozygous for the loss-of-function allele (CYP3A5*3/*3) are non 

expressors of CYP3A5. The impact of pregnancy on these genetic differences in darunavir 

metabolism are unknown.

Our study has strengths. To our knowledge, this is the first pharmacokinetic study to 

evaluate the use of an increased darunavir dose (800mg twice daily) during pregnancy. The 

pregnant patients in the darunavir arm of the IMPAACT 1026s study were followed in a 

longitudinal pattern throughout pregnancy and postpartum, during which evaluation of 

clinical findings related to darunavir exposure occurred at regular time intervals. Because 

this was a prospective cohort study, confounding, recall and selection biases were 

minimized. In addition, any random error (misclassifications) in darunavir plasma 

measurements that arose from the study would tend to be conservative by the prospective 

nature of this study. The collection of darunavir plasma samples followed a rigorous and 

stringent protocol, with directly observed dosing aimed at minimizing systematic errors 

during sample collection. Another strength of this study is that all 24 women (100%) that 
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were studied during the third trimester of pregnancy had complete pharmacokinetic data 

during the postpartum period.

This study had its limitations. First, this is an observational pharmacokinetic/safety study of 

a heterogeneous group of pregnant women receiving darunavir for clinical care. There was 

variation in their background characteristics, and pregnant women who began darunavir/

ritonavir but did not tolerate it or demonstrate adequate initial efficacy would be taken off 

drug and not be eligible for the study. Second, we did not assess the relationship between 

increased darunavir dosing and genetic resistance to HIV virus in pregnancy. Third, we did 

not study the precise pharmacokinetic mechanism(s) associated with reduced darunavir 

concentrations during pregnancy, as this was not part of the study design, although prior 

pharmacokinetic studies of protease inhibitors in pregnant women show that increased 

darunavir protein-binding, increased volume of distribution during pregnancy, and increased 

renal clearance of drugs are likely reasons for lower exposures of darunavir during the 3rd 

trimester compared to the postpartum period.31–33

In conclusion, our findings confirm that darunavir exposure is decreased during pregnancy, 

and increasing the darunavir/ritonavir dose to 800mg/100 mg twice daily during pregnancy 

and continuing 600mg/100mg twice daily in the postpartum period failed to significantly 

increase darunavir exposure compared to 600 mg twice daily throughout pregnancy and 

postpartum. This is in contrast to our findings with the other protease inhibitors atazanavir, 

lopinavir and nelfinavir, where increased dosing during pregnancy did improve drug 

exposure.23–25 While viral suppression was fairly good in the participants, if achieving 

darunavir exposure during pregnancy equivalent to that in non-pregnant adults is desired, 

other strategies, such as increasing the ritonavir dose should be investigated.32
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Figure 1A: 
Median darunavir concentrations.

The 50th percentile data in this figure represents DRV/RTV 600 mg/100 mg BID in non-

pregnant adults.
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Figure 1B –. 
Darunavir area under the curve (AUC0–12)
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Figure 1C: 
Darunavir Apparent Clearance (CL/F).
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Figure 1D: 
Darunavir Cmax.
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Figure 2: 
Median Ritonavir Concentrations.
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Table 1:

Increased dose darunavir/ritonavir subjects: demographic characteristics and outcomes (n=24).

Maternal characteristics N(%) or median (IQR)

Age at delivery (years) 26.9 (21.4, 34.4)

Weight at delivery (kg) 86.2 (68.4, 95.7)

Race/Ethnicity

 Asian, Pacific Islander 1 (4%)

 Black Non-Hispanic 12 (50%)

 Hispanic (Regardless of Race) 11 (46%)

Duration of darunavir before PK evaluations (weeks)

Before 2nd trimester PK evaluations 149 (64.9, 262.1)

Before 3rd trimester PK evaluations 102.1 (26.0, 190.4)

Number of mothers taking concomitant ARVS at the time of 3rd pharmacokinetic 
evaluations

*FTC 15; TDF 15; ZDV 4; 3TC 3; RAL 5; RPV 2; 
DTG 3; ATV 2; ENF 1.

Second trimester

Gestational age (weeks) 23.9 (23.1, 24.7 )

Number of mothers with viral load ≤50 copies/mL 6 (66.7%)

CD4 (cells/mm3) 682 (300, 761)

Third trimester

Gestational age (weeks) 33.5 (32.5, 34.4)

Number of mothers with viral load ≤50 copies/mL 21 (87.5%)

CD4 (cells/mm3) 537.5 (303, 910.5)

Delivery

Number of mothers with viral load ≤50 copies/mL 20 (80%)

CD4 (cells/mm3) 506 (338, 786)

Postpartum

Weeks post-delivery (weeks) 2.8 (2.4, 3.2)

Number of mothers with viral load ≤50 copies/mL 17 (70.8%)

CD4 (cells/mm3) 652.5 (395, 910.5)

Pregnancy outcomes

Gestational age (weeks) 39 (38.1, 39.6)
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Maternal characteristics N(%) or median (IQR)

Birth weight (grams) 3118 (2770, 3405)

Infection status 20 uninfected/4 indeterminate

*
ARVs (Antiretrovirals), FTC (emtricitabine), TDF (tenofovir disoproxil fumarate), ZDV (zidovudine), 3TC (lamivudine), RAL (raltegravir), RPV 

(rilpivirine), ATV (atazanavir); ENF (enfuvirtide) and DTG (dolutegravir).

Interquartile ranges (IQR) are in brackets.
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