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Abstract
Objective—To investigate the intraindividual pharmacokinetics of total (protein bound +
unbound) and unbound lopinavir/ritonavir (LPV/RTV) and to assess whether the pediatric
formulation (100mg/25mg) can overcome any pregnancy-associated changes.

Design—Prospective longitudinal pharmacokinetic (PK) study

Methods—HIV-infected pregnant antiretroviral therapy-naïve and experienced women receiving
LPV/RTV 400mg/100mg tablets twice daily. Intensive PK evaluations were performed at 20–24
weeks (PK1), 30 weeks (PK2) followed by empiric dose increase using the pediatric formulation
(100mg/25mg twice daily), 32 weeks (PK3), and 8 weeks postpartum (PK4).

Results—Twelve women completed pre-specified PK evaluations. Median (range) age was 28
(1–35) years and baseline BMI was 32 (19–41) kg/m2. During pregnancy, total area under the time
concentration (AUC0–12hr) for LPV was significantly lower than postpartum [PK1, PK2 or PK3
vs. PK4, p= 0.005]. Protein unbound LPV AUC0–12hr remained unchanged during pregnancy
[PK1: 1.6 (1.3–1.9) vs. PK2: 1.6 (1.3–1.9) µg*hr/mL, p=0.4] despite a 25% dose increase [PK2 vs.
PK3: 1.8 (1.3–2.1) µg*hr/mL, p=0.5]. Protein unbound LPV predose concentrations (C12h) did not
significantly change despite dose increase [PK2: 0.10 (0.08–0.15) vs. PK3: 0.12 (0.10–0.15) µg/
mL, p=0.09]. Albumin and LPV AUC0–12h fraction unbound were correlated (rs=0.3, p=0.03).

Conclusions—Total LPV exposure was significantly decreased throughout pregnancy despite
the increased dose. However, the exposure of unbound LPV did not change significantly
regardless of trimester or dose. Predose concentrations of unbound LPV were not affected by the
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additional dose and were 70-fold greater than the minimum efficacy concentration. These findings
suggest dose adjustments may not be necessary in all HIV-infected pregnant women.
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Background
HIV-infected pregnant women receive antiretroviral therapy for their own health and to
prevent mother-to-child transmission of HIV. The US Department of Health and Human
Services (DHHS) guidelines have recommended lopinavir/ritonavir (LPV/RTV, Kaletra®)
as the first-line protease inhibitor for either goal (1). It has been previously demonstrated
that standard dosing (400mg/100mg) using three LPV/RTV soft-gel capsules twice daily
results in third trimester lopinavir area under the concentration-time curve (AUC) and
trough concentrations below a target of 52ug*hr/mL and 1 µg /mL, respectively (2–5). This
decrease in exposure was not overcome with dose increases to 533mg/133 mg (four
capsules) twice daily (6). Exposure between the new Meltrex® tablet (200mg/50mg)
formulation and standard-dose LPV/RTV soft-gel capsules are not significantly different,
though over 17% of women receiving either formulation have lopinavir trough
concentrations below 3 µg/mL (7). Dose increases to 600mg/150mg twice-daily results in
third trimester concentrations similar to nonpregnant exposures at the standard 400mg/
100mg dose (8). Based on these data, DHHS guidelines recommends increasing LPV/RTV
dose to 600mg/150 mg twice daily in the third trimester. However, the increased
bioavailability of the tablet formulation has the potential to decrease tolerability and increase
toxicity at this higher dose.

Lopinavir and ritonavir are 98–99% bound to the blood plasma proteins albumin and
alpha-1-acid-glycoprotein (AAG), and only protein-unbound drugs are available to traverse
cell membranes and exert a pharmacologic effect (9). Due to technical complexity and the
requirement for advanced analytical instrumentation, pharmacokinetic studies generally
measure total drug concentrations (protein bound plus unbound) rather than unbound drug.
Additionally, since plasma protein binding in most populations is consistent, measuring
unbound drug is often unnecessary to assess efficacy(10). Pregnancy, however, is associated
with alterations in plasma proteins (11–13), which may affect unbound drug concentrations.
Consequently, total lopinavir and ritonavir exposures may not reflect drug available for
antiviral activity; in this situation, protein unbound drug concentrations may be most
relevant.

Few studies have longitudinally and comprehensively measured unbound lopinavir and
ritonavir concentrations throughout pregnancy. Investigations with sparse sampling have
had mixed results: either an 18% increase in the fraction of unbound lopinavir in third
trimester compared with postpartum (14), or no significant changes (15).

To address the hypothesis that the physiological changes associated with pregnancy will
decrease the total (protein bound plus unbound) but not the protein-unbound (active)
lopinavir and ritonavir concentrations, this study longitudinally evaluates total and unbound
lopinavir and ritonavir exposures in HIV-infected pregnant women in the second and third
trimesters of pregnancy and postpartum. The pediatric formulation of LPV/RTV (100mg/
25mg twice daily), rather than an additional adult tablet (200mg/50mg), is empirically added
to standard dosing (400mg/100mg twice daily) in the third trimester. The study is designed
to investigate whether LPV/RTV 500mg/125mg is able to overcome any pregnancy-
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associated changes in total and free drug exposure while minimizing toxicity and
maximizing tolerability.

Methods
Study Design and Subject Selection

HIV-infected pregnant women were enrolled in this open-label, longitudinal
pharmacokinetic (PK) study to assess the total (protein-bound plus unbound) and protein-
unbound exposure of fixed-dose combination lopinavir/ritonavir tablets (LPV/RTV,
Kaletra®, Abbott Laboratories, Abbott, IL USA). Subjects were recruited from the
Infectious Diseases Clinics at the University of North Carolina (UNC) at Chapel Hill, North
Carolina and Northwestern University (NU), Chicago, Illinois. The Biomedical Review
Boards from each individual institution approved the study, and all subjects provided written
informed consent prior to study procedures. Subjects were enrolled from October 2007 to
September 2009 (National Clinical Trial Registry No. 00766818).

Subjects were eligible to participate if they were less than 20 weeks gestation and receiving
or planning to initiate LPV/RTV tablets (400 mg/100 mg twice daily). Subjects were
required to be ≥18 years of age with a current singleton and uncomplicated pregnancy.
Subjects were excluded if they were being treated for an opportunistic infection; had prior
obstetrical complications or preterm delivery; had a hemoglobin < 9.0 gm/dL; were unable
to complete a dose record card at home; were <80% adherent to the current antiretroviral
regimen as determined by dosing card, provider or self report; or were receiving other
protease inhibitors or concurrent medications known to interact with LPV/RTV. Subjects
with documented virologic failure of a LPV/RTV regimen or who had a genotype that
would predict failure to LPV/RTV were excluded.

Two to four weeks prior to enrollment, subjects underwent screening in which informed
consent, physical examination and routine safety laboratory testing (complete blood count,
serum chemistries, liver function tests, urinalysis, and absolute CD4+ cell count and HIV
RNA) were performed, and medical and obstetrical histories were obtained. Subjects agreed
to allow investigators to capture any laboratory results, clinical events or sonograph results
that occurred between study visits. HIV DNA results for the infants were obtained at 0–2
days, 2–4 weeks, 4–6 weeks and 4–6 months of life as part of routine infant care. All infants
received oral zidovudine 2mg/kg every 6 hours for 6 weeks postpartum in addition to
intravenous zidovudine at delivery.

Study Visits
Subjects underwent four intensive pharmacokinetic (PK) visits with observed dosing within
15 minutes of a standard meal in the clinical research units at the following time points: 20–
24 weeks (PK1), 30 weeks (PK2), 32 weeks (PK3) gestation, and 8 weeks post partum
(PK4). Subjects were contacted one week prior to each PK visit to reinforce compliance, to
record the time of each dose on provided cards, and to bring cards to study visit. Adherence
was also assessed by pill counts at each study visit. Safety labs (hemoglobin, chemistries)
were obtained at all visits before blood samples for PK analysis were initiated. At each PK
visit, blood samples were obtained 30 minutes prior to dosing and 2, 4, 6, 8, 10 and 12 hours
postdose. The LPV/RTV dose was 400mg/100mg twice daily at PK1 and PK2. Immediately
following completion of PK2, the dose was increased to 500/125mg twice daily by adding a
100mg/25 mg tablet (pediatric formulation) to standard-dose in order to determine possible
effects on drug exposure using a smaller dose as an alternate dosing strategy. PK 3 occurred
two weeks later. The 500mg/125mg dose was continued for the remainder of pregnancy
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through 2 weeks postpartum, at which time the dose was decreased to 400mg/100mg twice
daily for the duration of the study.

Sample Processing
Whole blood was obtained using K2-EDTA-containing collection tubes (Becton Dickinson,
Franklin Lakes, NJ) and centrifuged at 3000g for 15 minutes at 4°C within 30 minutes of
collection. The resulting plasma was divided into labeled cryovials and stored at −80°C until
analysis. Total drug concentrations in plasma for lopinavir and ritonavir were measured
using validated and Division of AIDS CPQA-approved high performance liquid
chromatography (HPLC) method with ultraviolet detection. Intraday and interday variability
was <10% and the dynamic range was 10–10,000 ng/mL (16).

Protein binding quantification was performed by rapid equilibrium dialysis as previously
described (17). Briefly, plasma was incubated at 37°C for 18 hours in rapid equilibrium
dialysis cartridges (Thermo Scientific, Pittsburg, PA) followed by liquid-liquid extraction
with methyl tert-butyl ether (MTBE) (Fisher Scientific, Norcross, GA, USA). Darunavir (in
50/50 methanol: water) was used as the internal standard. An Agilent 1200 series HPLC
System and an Agilent 1100 MSD (Agilent Technologies, New Castle, DE) in positive ESI
mode were used. Analytes were separated on an Agilent Zorbax Eclipse XDB-C8 (3.0 ×
50mm, 1.8m) column. For both lopinavir and ritonavir, assay sensitivity was 2 ng/ml,
precision was within 15%, and accuracy was 95–110% for lopinavir and 90–107% for
ritonavir. Recovery for both drugs was >90%.

Statistical Analyses
Pharmacokinetic parameters were estimated using noncompartmental methods (Phoenix
WinNonlin Pro 5.2; Certara, L.P., St. Louis MO). Maximum concentration (Cmax), time at
maximum concentration (Tmax), and concentration 12 hours after dosing (C12h) were
determined by visual inspection of the subject profiles, and used the log-linear trapezoidal
method to calculate the area-under-the-time-concentration-curve over the 12-hour dosing
interval (AUC0–12h). Total drug apparent oral clearance was calculated as dose/AUC0–12h.
Detectable concentrations that were below the limit of quantification were imputed as 50%
of the lower limit of quantification. Descriptive statistics using Phoenix WinNonlin Pro 5.2
were performed. Pharmacokinetic parameters are presented in median (interquartile range
(IQR)) unless otherwise noted. Differences in pharmacokinetic parameters at different time
points were assessed using the Wilcoxon signed rank test. No adjustments were made for
multiple comparisons.

The percent protein unbound of lopinavir was calculated by subtracting percent protein
bound from 100%. Correlation between albumin or α-1-acid glycoprotein (AAG) and
unbound drug concentrations were assessed using Spearman rank correlation coefficients.

Results
Patient Characteristics

Twelve HIV-infected pregnant women from two academic institutions (11 UNC, 1 NU)
were enrolled, and all completed the study as designed. Demographic information is
presented in Table 1. The median age of the participants was 28 (range 18–35) years;
median body mass index (BMI) was 32 (range 19–41) kg/m2 at enrollment. Nine (75%)
were Black. Eight subjects were antiretroviral naïve and initiated therapy at a median of 12
(7–18) weeks gestation, consisting of lopinavir/ritonavir 400mg/100mg (LPV/RTV) twice
daily in addition to the nucleoside reverse transcriptase inhibitor (NRTI) fixed-dose
combinations of either zidovudine 300mg/lamivudine 150mg (ZDV/3TC) twice daily or
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tenofovir disoproxil fumarate 300mg/emtricitabine 200mg (TDF/FTC) once daily. The
remaining 4 subjects had received 1 or 2 prior antiretroviral regimens. One subject was on
ZDV/3TC plus an unboosted protease inhibitor prior to pregnancy and was switched to
LPV/RTV after pregnancy was confirmed; and the other three were not on antiretroviral
therapy and initiated LPV/RTV (plus ZDV/3TC or TDF/FTC) after 12-weeks gestation for
fetal protection.

Study enrollment occurred between 16–20 weeks gestation. At enrollment, eleven (92%)
subjects were receiving ZDV/3TC and one (8%) TDF/FTC. One subject developed
hemolytic anemia at 24 weeks gestation, which had occurred in a pregnancy 12 years prior
when the subject was HIV-negative. As a result, ZDV/3TC was discontinued and the subject
was changed to TDF/FTC for the remainder of the pregnancy. Therefore, two subjects
received TDF/FTC for the majority of gestation. The median absolute CD4 count was 509
(116–880) cells/mm3 at 20–24 weeks. HIV RNA was < 48 copies/mL in all 12 women at
delivery. There were no perinatal transmissions.

Pharmacokinetic (PK) Results
Lopinavir Exposure
Total lopinavir: Total lopinavir AUC0–12h did not change between the second and third
trimesters (PK1 vs. PK2, p=0.58) (Figure 1a). The increased dose also did not result in a
significant difference in total lopinavir AUC0–12h [PK2: median (IQR) 64.1 (51.3–69.7) vs.
PK3: 69.1 (55.2–78.2) µg*hr/mL; p=0.27] (Table 2). Despite a 25% increase in dose, total
lopinavir AUC0–12h increased by only 8% (p=0.37). The median total lopinavir AUC0–12h,
regardless of dose or gestation, was significantly lower than postpartum (PK1, PK2 or PK3
vs. PK4, p=0.005). The apparent oral clearance of lopinavir was significantly higher during
pregnancy than post-partum: 3.1 (2.2–4.2) L/hr in the second trimester, 3.4 (3.1–4.2) in the
third trimester, 3.6 (3.1–3.9) L/hr following the dose increase, and 1.3 (0.6–1.8) L/hr,
postpartum, (PK1, PK2, or PK3 vs. PK4, respectively; p < 0.03).

The greatest changes in lopinavir C12h were between the third trimester (PK2) and
postpartum (PK 4) [4.0 (3.4–5.4) vs. 7.2 (6.1–9.3) µg/mL; p=0.001] (Figure 2A). Postpartum
C12h was 38–80% higher than at any point during pregnancy. The increased dose increase to
500mg/125mg resulted in a 23% increase (4.0 vs. 4.9 µg/mL; p=0.03) in total lopinavir C12h
as measured at 30 and 32 weeks, respectively.

Protein unbound lopinavir: Figure 1b highlights that neither dose nor gestation had an
effect on unbound lopinavir median AUC0–12h.. Table 2 more specifically outlines that lack
of significant changes in median unbound lopinavir AUC0–12h following the increased dose
(PK2 vs. PK3, 1.6 (1.3–1.9) vs. 1.8 (IQR 1.3–2.1) µg*hr/mL, respectively; p=0.47).
Similarly, gestation period did not significantly alter unbound lopinavir exposure before the
dose increase (PK1 vs. PK2; p=0.41), or following the dose increase (PK1 vs. PK3; p=0.76).
Compared to the postpartum AUC0–12h, unbound lopinavir exposure was significantly lower
throughout pregnancy regardless of dose (PK1, PK2 or PK3 vs. PK4, p=0.05, p=0.01, and
p=0.03, respectively).

The increased dose also did not significantly alter the median unbound lopinavir C12h
concentration: (PK3 vs. PK2: 0.12 (0.10–0.15) vs. 0.10 (0.08–0.15) µg/mL, respectively;
p=0.09) (Figure 2b). Unbound lopinavir C12h concentrations were highest in the second
trimester [PK1: 0.15 (0.08–0.16) µg/mL], and did not significantly change following
delivery [0.16 (0.14–0.27) µg/mL; p=0.09)]. Only the C12h at 30 weeks gestation prior to
dose escalation (PK2) was significantly different from the postpartum C12h [PK2: 0.10
(0.08–0.15) vs. PK4: 0.16 (0.14–0.27) µg/mL; p=0.05)]. Less than 2% of all concentrations
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were below the wild type IC50 (50% inhibitory concentration) for unbound lopinavir of
0.00064 µg /mL(18).

Ritonavir Exposure
Total ritonavir: Total ritonavir median AUC0–12h was lower throughout pregnancy,
regardless of dose increase, compared to postpartum AUC0–12h (Figure 1c). The median
total ritonavir AUC0–12h in the second trimester (PK1), the third trimester (PK2) and
following the dose increase (PK3) were 2.5 (1.7–3.0), 2.3 (1.7–3.0), and 2.4 (1.9–3.3) µg*hr/
mL, respectively, compared with 5.2 (2.9–5.8) µg*hr/mL postpartum (PK4); (p=0.002,
p=0.002 and p=0.002, respectively). Overall, total ritonavir exposure was not significantly
changed during pregnancy. Apparent oral clearance of ritonavir (Table 2) was greater during
pregnancy than the postpartum period; (PK1, PK2, or PK3 vs. PK4, p< 0.01).

Total ritonavir C12h were similar between the second and third trimesters [0.12 (0.09–0.20)
vs. 0.12 (0.08–0.14) µg /mL, respectively; p=0.5] (Figure 2c). The higher dose did result in a
significant increase in median C12h to 0.15 (0.11–0.18) µg /mL, p=0.02. Total ritonavir C12h
was significantly lower during pregnancy, despite the additional dose, compared to
postpartum C12h [0.28 (0.2–0.4) µg /mL; (PK1, PK2, or PK3 vs. PK4, p≤0.01].

Protein unbound ritonavir: Similar to lopinavir, the protein unbound ritonavir median
AUC0–12h did not change regardless of gestation or dose (Figure 1d). The dose increase,
(PK2 vs. PK3, 0.3 vs. 0.3 µg*hr/mL, p=1.0) did not alter the unbound ritonavir exposure.
Nor was there a difference in exposure in the second or third trimesters before (PK1 vs.
PK2, p=0.12), or after (PK1 vs. PK3, p=0.97) the dose increase. Postpartum exposure was
significantly higher than during pregnancy regardless of dose (PK1, PK2 or PK3 vs. PK4,
p=0.01, p=0.01, and p=0.03, respectively).

The increased dose did not significantly alter the median unbound ritonavir C12h (PK3 vs.
PK2, p=1.0). The unbound ritonavir C12h was highest in the second trimester (PK1) (0.02
µg/mL) and was the only time in which a significant difference in postpartum C12h was
found (0.02 vs. 0.03 µg/mL, p=0.01).

Less than 1% of all unbound ritonavir concentrations were under 1 mg/mL. A single subject
had concentrations below this threshold at the beginning of her postpartum visit, suggesting
a missed dose or a delay in dosage.

Serum Proteins: The median (IQR) albumin and AAG are shown in Table 1. There were no
significant changes in albumin between the first 3 PK evaluations (PK1 vs. PK2: p=0.2; PK1
vs. PK3: p=0.8, PK2 vs. PK3: p=0.9). There were also no significant changes in AAG (PK1
vs. PK2: p=0.4; PK1 vs. PK3: p=0.2, PK2 vs. PK3: p=0.5). Both albumin and AAG were
significantly greater at postpartum PK4 (p<0.001). The drug binding proteins albumin and
AAG were modestly correlated (rs=0.48, p=0.0006), as were the pharmacokinetic
parameters LPV AUC0–12h and C12h (rs=0.47, p=0.0009). However, in this dataset, only
albumin significantly correlated with LPV AUC0–12h fraction unbound (rs=0.3, p=0.03).

Safety
The additional 100mg/25mg LPV/RTV tablet was tolerated without any complaints of
nausea or vomiting. There were no symptomatic or biochemical adverse events above Grade
1 that were related to LPV/RTV. No subject required premature discontinuation or dosing
alterations.
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Discussion
The widespread use of antiretroviral therapy has resulted in reduction of perinatal HIV
transmission rates to <1–2% in developed countries (19). However, the pregnancy-
associated variations in drug binding proteins may alter antiretroviral bioactivity (20, 21),
resulting in decreased efficacy, suboptimal maternal viral suppression, and ultimately
perinatal transmission. Conversely, overdosing unnecessarily may increase maternal and
fetal toxicity (22). Because of such risks, understanding the pharmacokinetics of LPV/RTV
is paramount to provide dosing guidance for LPV/RTV in HIV-infected pregnant women.

Unlike previous evaluations (5, 6, 8, 23, 24), this study employed a unique design in which
comprehensive pharmacokinetic measurements of both total (protein bound and unbound)
and protein unbound lopinavir and ritonavir were performed in the same 12 women at
predetermined gestational ages. The intra-subject comparison strategy has not been
previously employed, but is essential in assessing the impact of dose escalation on both the
total drug and protein unbound drug concentrations. Moreover, intensive pharmacokinetic
assessments were performed before and after a 100mg/25mg (or 25% of standard dosing)
pediatric tablet was empirically added to standard dosing (400mg/100mg) as alternative to
“recommended” third trimester dose increases (600mg/150mg or 50% dose increase). Our a
priori hypothesis was that dose increases were not necessary as protein unbound (or active)
drug concentrations were not expected to significantly change despite previously reported
changes in total drug concentrations (3, 5, 6, 8, 15). The ability to assess tolerability and
potential toxicity of a 25% rather than a 50% dose increase would provide clinically useful
information as an alternate strategy for women who may require a dose adjustment. Two
weeks post-partum all women return to standard 400mg/100mg dosing. Pharmacokinetics
were subsequently performed 8 weeks postpartum consistent with normalization of plasma
concentrations in other studies (15), although the precise timing of normalization of
pregnancy-related changes has not been determined. These factors provide the most
comprehensive pharmacokinetic analysis of LPV/RTV in HIV-infected pregnant women to
date.

Our study found that a 25% increase in LPV/RTV dose results in <10% increase in total
lopinavir exposure, which is not clinically relevant as concentrations remain above the
minimum effective concentration (1 µg/mL for wild-type virus) (25). One explanation for
the decrease total lopinavir concentrations is an increase in total lopinavir clearance. Our
estimate of lopinavir clearance during pregnancy is between 120–216% higher than
postpartum estimates, potentially due to changes in enzymatic processes (26). The relative
consistency of Cmax would suggest that oral absorption remains stable.

Higher total lopinavir C12h (4 µg/mL) (27, 28) are targeted in protease inhibitor treatment-
experienced patients. Of the 12 participants in this study, standard-dose LPV/RTV results in
total lopinavir C12h below this threshold in 33% (n=4) of women in the second trimester and
50% (n=6) in the third trimester. Following the dose increase, 91% (n=11) of women
achieve C12h above 4 µg/mL with C12h of 2.9 µg/mL in a single naïve subject. All
participants remain virologically suppressed before and after dose changes despite the
decrease in C12h. However, our study population, by circumstance, had received two or less
prior regimens. Our study suggests that evaluating C12h in the later part of the second
trimester may be beneficial in women who are treatment-experienced to determine whether
pre-dose concentrations are below target and therefore require a dose increase. This strategy
would diminish the risk of potential toxicities when a dose increase is not necessary. The use
of the pediatric formulation (100mg/25mg) provides an alternative dosing strategy when the
C12h falls slightly below the targeted threshold, further minimizing the risk of toxicities.
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The pharmacological effects of LPV/RTV are determined by the protein-unbound (or active)
drug concentration, as only the unbound drug is able to transverse biological membranes and
exert antiviral activity. In contrast to previous investigations, full pharmacokinetic profiles
of unbound lopinavir and ritonavir were generated with our methodology. Using a protein-
unbound IC50 (50% inhibitory concentration) for lopinavir of 0.00064–0.00077 µg/mL (18),
unbound C12h exposures in all women were greater than 70-fold this threshold in the third
trimester prior to the dose increase. The increased dose resulted in <15% increase in protein-
unbound AUC0–12h and <12% increase in C12h. The unbound fraction of lopinavir did not
significantly change during the second or third trimesters and postpartum regardless of dose,
and AUC0–12h modestly correlated with physiological changes in albumin. The addition of a
standard LPV/RTV tablet (200mg/50mg) could possibly have resulted in higher protein-
unbound C12h, which may have been unlikely to benefit our study participants and could
have resulted in toxicity or intolerability.

In conclusion, this study demonstrates the pharmacokinetic effects of pregnancy on total and
unbound lopinavir and ritonavir concentrations before and after empiric dose escalation. For
many pregnant women, especially treatment naïve or women with wild type virus, LPV/
RTV dose increases during pregnancy may not be necessary since the protein-unbound drug
exposure is not altered. If drug exposure in women with resistance mutations is of concern, a
dose increase of 100mg/25mg could be utilized in order to minimize toxicity. Future studies
aimed towards providing accurate dosing recommendations in pregnancy of any
antiretroviral agent will be best achieved through a longitudinal evaluation of total and
unbound drug exposures throughout pregnancy in the same women.

Acknowledgments
This investigation was supported in part by National Institutes of Health grants R34 AI087065 (ADM Kashuba),
K23 AI54980 (ADM Kashuba), K23 AI77355 (KB Patterson), P30 AI50410 (UNC Center for AIDS Research),
UL1 RR025747 (UNC TraCS Clinical Translational Research Center), and UL1 RR025741 (NU Clinical Research
Unit). Supported also in part by the Abbott Investigator Initiated Research Program. The authors wish to thank
Certara for providing Phoenix WinNonlin Pro 5.2 to the Division of Pharmacotherapy and Experimental
Therapeutics, UNC Eshelman School of Pharmacy, as a member of the Pharsight Academic Center of Excellence
Program.

REFERENCES
1. [Accessed September 1, 2012] Recommendations for the use of antiretroviral drugs in pregnant

HIV-1-infected women for maternal health and interventions to reduce perinatal HIV-1
transmission in the United States. http://aidsinfo.nih.gov/guidelines. Updated July 31, 2012

2. Baroncelli S, Villani P, Floridia M, Pirillo MF, Galluzzo CM, Cusato M, et al. Trough
concentrations of lopinavir, nelfinavir, and nevirapine with standard dosing in human
immunodeficiency virus-infected pregnant women receiving 3-drug combination regimens. Ther
Drug Monit. 2008; 30(5):604–610. [PubMed: 18728627]

3. Lyons F, Lechelt M, De Ruiter A. Steady-state lopinavir levels in third trimester of pregnancy.
AIDS. 2007; 21(8):1053–1054. [PubMed: 17457104]

4. Manavi K, McDonald A, Al-Sharqui A. Plasma lopinavir trough levels in a group of pregnant
women on lopinavir, ritonavir, zidovudine, and lamivudine. AIDS. 2007; 21(5):643–645. [PubMed:
17314527]

5. Stek AM, Mirochnick M, Capparelli E, Best BM, Hu C, Burchett SK, et al. Reduced lopinavir
exposure during pregnancy. AIDS. 2006; 20(15):1931–1939. [PubMed: 16988514]

6. Mirochnick M, Best BM, Stek AM, Capparelli E, Hu C, Burchett SK, et al. Lopinavir exposure with
an increased dose during pregnancy. J Acquir Immune Defic Syndr. 2008; 49(5):485–491.
[PubMed: 18989231]

Patterson et al. Page 8

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://aidsinfo.nih.gov/guidelines


7. Khuong-Josses MA, Azerad D, Boussairi A, Ekoukou D. Comparison of lopinavir level between the
two formulations (soft-gel capsule and tablet) in HIV-infected pregnant women. HIV Clin Trials.
2007; 8(4):254–255. [PubMed: 17720666]

8. Best BM, Stek AM, Mirochnick M, Hu C, Li H, Burchett SK, et al. Lopinavir tablet
pharmacokinetics with an increased dose during pregnancy. J Acquir Immune Defic Syndr. 2010;
54(4):381–388. [PubMed: 20632458]

9. Sham HL, Kempf DJ, Molla A, Marsh KC, Kumar GN, Chen CM, et al. ABT-378, a highly potent
inhibitor of the human immunodeficiency virus protease. Antimicrob Agents Chemother. 1998;
42(12):3218–3224. [PubMed: 9835517]

10. Murphy RL, Brun S, Hicks C, Eron JJ, Gulick R, King M, et al. ABT-378/ritonavir plus stavudine
and lamivudine for the treatment of antiretroviral-naive adults with HIV-1 infection: 48-week
results. AIDS. 2001; 15(1):1–9. [PubMed: 11192849]

11. Boffito M, Back DJ, Blaschke TF, Rowland M, Bertz RJ, Gerber JG, et al. Protein binding in
antiretroviral therapies. AIDS research and human retroviruses. 2003; 19(9):825–835. [PubMed:
14585213]

12. Notarianni LJ. Plasma protein binding of drugs in pregnancy and in neonates. Clin Pharmacokinet.
1990; 18(1):20–36. [PubMed: 2178848]

13. Israili ZH, Dayton PG. Human alpha-1-glycoprotein and its interactions with drugs. Drug Metab
Rev. 2001; 33(2):161–235. [PubMed: 11495502]

14. Aweeka FT, Stek A, Best BM, Hu C, Holland D, Hermes A, et al. Lopinavir protein binding in
HIV-1-infected pregnant women. HIV Medicine. 2010; 11(4):232–238. [PubMed: 20002783]

15. Lambert JS, Else LJ, Jackson V, Breiden J, Gibbons S, Dickinson L, et al. Therapeutic drug
monitoring of lopinavir/ritonavir in pregnancy. HIV Medicine. 2011; 12(3):166–173. [PubMed:
20726906]

16. Choi SO, Rezk NL, Kashuba AD. High-performance liquid chromatography assay for the
determination of the HIV-protease inhibitor tipranavir in human plasma in combination with nine
other antiretroviral medications. J Pharm Biomed Anal. 2007; 43(4):1562–1567. [PubMed:
17236737]

17. Boffito M, Hoggard PG, Lindup WE, Bonora S, Sinicco A, Khoo SH, et al. Lopinavir protein
binding in vivo through the 12-hour dosing interval. Ther Drug Monit. 2004; 26(1):35–39.
[PubMed: 14749547]

18. Hickman D, Vasavanonda S, Nequist G, Colletti L, Kati WM, Bertz R, et al. Estimation of serum-
free 50-percent inhibitory concentrations for human immunodeficiency virus protease inhibitors
lopinavir and ritonavir. Antimicrob Agents Chemother. 2004; 48(8):2911–2917. [PubMed:
15273100]

19. Jamieson DJ, Clark J, Kourtis AP, Taylor AW, Lampe MA, Fowler MG, et al. Recommendations
for human immunodeficiency virus screening, prophylaxis, and treatment for pregnant women in
the United States. Am J Obstet Gynecol. 2007; 197(3 Suppl):S26–S32. [PubMed: 17825647]

20. Tracy TS, Venkataramanan R, Glover DD, Caritis SN. Temporal changes in drug metabolism
(CYP1A2, CYP2D6 and CYP3A Activity) during pregnancy. Am J Obstet Gynecol. 2005; 192(2):
633–639. [PubMed: 15696014]

21. Mirochnick M, Capparelli E. Pharmacokinetics of antiretrovirals in pregnant women. Clin
Pharmacokinet. 2004; 43:1071–1087. [PubMed: 15568888]

22. Simon A, Warszawski J, Kariyawasam D, Le Chenadec J, Benhammou V, Czernichow P, et al.
Association of prenatal and postnatal exposure to lopinavir-ritonavir and adrenal dysfunction
among uninfected infants of HIV-infected mothers. JAMA. 2011; 306(1):70–78. [PubMed:
21730243]

23. Else LJ, Douglas M, Dickinson L, Back DJ, Khoo SH, Taylor GP. Improved oral bioavailability of
lopinavir in melt-extruded tablet formulation reduces impact of third trimester on lopinavir plasma
concentrations. Antimicrob Agents Chemo. 2012 Feb; 56(2):816–824.

24. Ramautarsing RA, van der Lugt J, Gorowara M, Kerr SJ, Burger D, Ruxrungtham K, et al. Thai
HIV-1-infected women do not require a dose increase of lopinavir/ritonavir during the third
trimester of pregnancy. AIDS. 2011; 25(10):1299–1303. [PubMed: 21516029]

Patterson et al. Page 9

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



25. Kappelhoff BS, Crommentuyn KM, de Maat MM, Mulder JW, Huitema AD, Beijnen JH. Practical
guidelines to interpret plasma concentrations of antiretroviral drugs. Clin Pharmacokinet. 2004;
43(13):845–853. [PubMed: 15509183]

26. Homma M, Beckerman K, Hayashi S, Jayewardene AL, Oka K, Gambertoglio JG, et al. Liquid
chromatographic determination of urinary 6beta-hydroxycortisol to assess cytochrome p-450 3A
activity in HIV positive pregnant women. J Pharm Biomed Anal. 2000; 23(4):629–635. [PubMed:
10975239]

27. Masquelier B, Breilh D, Neau D, Lawson-Ayayi S, Lavignolle V, Ragnaud JM, et al. Human
immunodeficiency virus type 1 genotypic and pharmacokinetic determinants of the virological
response to lopinavir-ritonavir-containing therapy in protease inhibitor-experienced patients.
Antimicrob Agents Chemother. 2002; 46(9):2926–2932. [PubMed: 12183249]

28. Breilh D, Pellegrin I, Rouzes A, Berthoin K, Xuereb F, Budzinski H, et al. Virological,
intracellular and plasma pharmacological parameters predicting response to lopinavir/ritonavir
(KALEPHAR study). AIDS. 2004; 18(9):1305–1310. [PubMed: 15362663]

Patterson et al. Page 10

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1. Concentration-Time Profiles of Lopinavir (LPV) and Ritonavir (RTV)

a. Total (Protein Bound and Unbound) Lopinavir Concentrations

b. Protein Unbound Lopinavir Concentrations

c. Total (Protein Bound and Unbound) Ritonavir Concentrations

d. Protein Unbound Ritonavir Concentrations

Data are presented as median (25th, 75th percentile) (ug/mL)
Reference lines indicate minimal efficacy concentrations.
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Figure 2. Lopinavir and Ritoniavir C12h Comparisons

a. Total (Protein Bound and Unbound) Lopinavir C12h

b. Protein Unbound Lopinavir C12h

c. Total (Protein Bound and Unbound) Ritonavir C12h

d. Protein Unbound Lopinavir C12h

C12h: concentration 12 hours after dosing
Data are reported as median (25th, 75th percentile) (µg/mL)
(Only statistically significant differences are identified)

Patterson et al. Page 12

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patterson et al. Page 13

Ta
bl

e 
1

C
ha

ra
ct

er
is

tic
s 

an
d 

Pr
eg

na
nc

y 
O

ut
co

m
es

 o
f 

St
ud

y 
Pa

rt
ic

ip
an

ts

B
as

el
in

e
20

–2
4 

w
ks

30
 w

ks
32

 w
ks

8 
w

ks
 p

os
tp

ar
tu

m

A
ge

 (
ye

ar
s)

28
 (

18
–3

5)

B
M

I 
(k

g/
m

2 )
*

32
 (

19
–4

1)
34

 (
21

–4
0)

34
 (

21
–4

1)
32

 (
19

–3
9)

E
th

ni
ci

ty
 (

N
/%

) B
la

ck
9 

(7
5%

)

H
is

pa
ni

c
3 

(2
5%

)

N
R

T
I 

(N
/%

) Z
D

V
/3

T
C

11
 (

92
%

)
11

 (
92

%
)

10
 (

83
%

)
10

 (
83

%
)

10
 (

83
%

)

T
D

F/
FT

C
1 

(8
%

)
1 

(8
%

)
2 

(1
7%

)
2 

(1
7%

)
2 

(1
7%

)

A
R

T
 E

xp
os

ur
e 

(N
/%

)

N
aï

ve
8 

(6
7%

)

E
xp

er
ie

nc
ed

4 
(3

3%
)

A
lb

um
in

*
(g

/d
L

)

3.
3 

(3
.2

–3
.5

)
3.

25
 (

3.
2–

3.
5)

3.
4 

(3
.1

–3
.6

)
4.

2 
(4

.1
–4

.4
)

α
-1

ac
id

 g
ly

co
pr

ot
ei

n*
(m

g/
dL

)

54
 (

50
–6

6)
57

 (
47

–6
8)

64
 (

53
–7

4)
82

 (
72

–1
16

)

A
ST

*
(U

/L
)

21
 (

13
–2

9)
20

 (
10

–3
5)

28
 (

15
–5

7)
22

 (
15

–5
7)

24
 (

18
–1

60
)

A
L

T
*

(U
/L

)

20
 (

<
8–

38
)

22
 (

<
8 

–3
5)

20
 (

<
8–

35
)

20
 (

<
8–

35
)

23
 (

12
–6

0)

C
D

4 
ce

ll 
co

un
t*

(c
el

ls
/µ

L
)

44
3 

(1
16

–8
80

)
50

9 
(1

16
–8

80
)

78
3 

(5
94

–9
59

)
53

7 
(9

6–
10

20
)

82
7 

(4
04

–1
43

6)

H
IV

 R
N

A
*

(c
op

ie
s/

m
L

)

27
8 

(<
48

–1
26

00
)

15
76

 (
<

48
–1

2,
60

0)
<

48
**

<
48

**
<

48
**

* M
ed

ia
n 

(r
an

ge
)

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patterson et al. Page 14
**

A
ll 

Su
bj

ec
ts

N
R

T
I=

nu
cl

eo
si

de
 r

ev
er

se
 tr

an
sc

ri
pt

as
e 

in
hi

bi
to

r
A

R
T

=
 a

nt
ir

et
ro

vi
ra

l t
he

ra
py

A
ST

=
 a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
A

L
T

=
 a

la
ni

ne
 a

m
in

ot
ra

ns
fe

ra
se

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patterson et al. Page 15

Ta
bl

e 
2

Ph
ar

m
ac

ok
in

et
ic

 P
ar

am
et

er
s 

fo
r 

L
op

in
av

ir
 a

nd
 R

ito
na

vi
r.

T
im

e 
of

 v
is

it
C

m
ax

C
12

h
A

U
C

0–
12

h
C

l

(P
K

 V
is

it
)

(u
g/

m
L

)
(u

g/
m

L
)

(u
g*

hr
/m

L
)

(L
/h

r)

L
op

in
av

ir
T

ot
al

20
–2

4 
w

ks
7.

4
5.

2
61

.3
3.

1

(B
ou

nd
 +

 U
nb

ou
nd

)
(P

K
1)

(6
.6

–8
.5

)
(3

.9
–5

.7
)

(5
7.

7–
73

.0
)

(2
.3

–4
.2

)

30
 w

ks
7.

5
4

64
.1

3.
4

(P
K

2)
(6

.7
–7

.9
)

(3
.4

–5
.4

)
(5

1.
3–

69
.7

)
(3

.1
–4

.2
)

32
 w

ks
8.

2
4.

9
69

.1
3.

6

(P
K

3)
(6

.7
–9

.3
)

(4
.4

–6
.0

)
(5

5.
2–

78
.2

)
(3

.1
–3

.9
)

Po
st

pa
rt

um
9.

6
7.

2
98

1.
3

(P
K

4)
(7

.2
–1

1.
4)

(6
.1

–9
.3

)
(6

7.
1–

11
5.

1)
(0

.6
–1

.8
)

U
nb

ou
nd

20
–2

4 
w

ks
0.

18
0.

15
1.

6
12

3

(P
K

1)
(0

.1
6–

0.
24

)
(0

.0
8–

0.
16

)
(1

.3
–1

.9
)

(4
2–

19
2)

30
 w

ks
0.

21
0.

1
1.

6
15

5

(P
K

2)
(0

.1
6–

0.
23

)
(0

.0
8–

0.
15

)
(1

.3
–1

.9
)

(1
15

–2
17

)

32
 w

ks
0.

24
0.

12
1.

8
13

1

(P
K

3)
(0

.1
6–

0.
28

)
(0

.1
0–

0.
15

)
(1

.3
–2

.1
)

(1
08

–2
05

)

Po
st

pa
rt

um
0.

28
0.

16
2.

6
92

(P
K

4)
(0

.2
0–

0.
37

)
(0

.1
4–

0.
27

)
(1

.6
–3

.6
)

(6
3–

94
)

R
it

on
av

ir
T

ot
al

20
–2

4 
w

ks
0.

35
0.

12
2.

5
29

(B
ou

nd
 +

 U
nb

ou
nd

)
(P

K
1)

(0
.1

9–
0.

44
)

(0
.0

93
–0

.2
0)

(1
.7

–3
.0

)
(1

8–
38

)

30
 w

ks
0.

3
0.

12
2.

3
33

(P
K

2)
(0

.2
4–

0.
39

)
(0

.0
8–

0.
14

)
(1

.7
–3

.0
)

(2
5–

46
)

32
 w

ks
0.

36
0.

15
2.

4
37

(P
K

3)
(0

.2
9–

0.
48

)
(0

.1
1–

0.
18

)
(1

.9
–3

.3
)

(2
7–

42
)

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patterson et al. Page 16

T
im

e 
of

 v
is

it
C

m
ax

C
12

h
A

U
C

0–
12

h
C

l

(P
K

 V
is

it
)

(u
g/

m
L

)
(u

g/
m

L
)

(u
g*

hr
/m

L
)

(L
/h

r)

Po
st

pa
rt

um
0.

62
0.

28
5.

2
12

(P
K

4)
(0

.3
8–

0.
77

)
(0

.2
2–

0.
36

)
(2

.9
–5

.8
)

(1
0–

17
)

U
nb

ou
nd

20
–2

4 
w

ks
0.

06
0.

02
0.

4
16

9

(P
K

1)
(0

.2
9–

0.
95

)
(0

.0
1–

0.
03

)
(0

.2
–0

.6
)

(9
7–

26
1)

30
 w

ks
0.

05
0.

02
0.

3
26

1

(P
K

2)
(0

.0
3–

0.
09

)
(0

.0
1–

0.
02

)
(0

.2
–0

.5
)

(1
60

–3
98

)

32
 w

ks
0.

05
0.

02
0.

3
30

6

(P
K

3)
(0

.0
4–

0.
09

)
(0

.0
1–

0.
03

)
(0

.3
–0

.5
)

(1
92

–4
76

)

Po
st

pa
rt

um
0.

08
0.

03
0.

5
12

7

(P
K

4)
(0

.0
5–

0.
20

)
(0

.0
2–

0.
04

)
(0

.2
–1

.1
)

(7
1–

21
5)

C
12

h 
co

nc
en

tr
at

io
n 

12
 h

ou
rs

 a
ft

er
 d

os
in

g;

A
U

C
0–

12
h 

ar
ea

-u
nd

er
-t

he
-c

on
ce

nt
ra

tio
n-

tim
e 

cu
rv

e 
ov

er
 th

e 
12

 h
ou

r 
do

si
ng

 in
te

rv
al

.

D
at

a 
ar

e 
re

po
rt

ed
 a

s 
m

ed
ia

n 
(2

5t
h ,

 7
5t

h  
pe

rc
en

til
e)

.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 May 01.


