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ABSTRACT The purpose of this study was to evaluate the pharmacokinetics of
ritonavir-boosted fosamprenavir during pregnancy and postpartum. Amprenavir (the
active moiety of fosamprenavir) and ritonavir intensive pharmacokinetic evaluations
were performed at steady state during the second and third trimesters of pregnancy
and postpartum. Plasma concentrations of amprenavir and ritonavir were measured
using high-performance liquid chromatography. The target amprenavir area under
the concentration-versus-time curve (AUC) was higher than the 10th percentile
(27.7 �g · h/ml) of the median area under the curve for ritonavir-boosted fosam-
prenavir in adults receiving twice-daily fosamprenavir-ritonavir at 700 mg/100 mg.
Twenty-nine women were included in the analysis. The amprenavir AUC from time
zero to 12 h (AUC0 –12) was lower (geometric mean ratio [GMR], 0.60 [confidence in-
terval {CI}, 0.49 to 0.72] [P � 0.001]) while its apparent oral clearance was higher
(GMR, 1.68 [CI, 1.38 to 2.03] [P � 0.001]) in the third trimester than postpartum. Simi-
larly, the ritonavir AUC0 –12 was lower in the second (GMR, 0.51 [CI, 0.28 to 0.91]
[P � 0.09]) and third (GMR, 0.72 [CI, 0.55 to 0.95] [P � 0.005]) trimesters than post-
partum, while its apparent oral clearance was higher in the second (GMR, 1.98 [CI,
1.10 to 3.56] [P � 0.06]) and third (GMR, 1.38 [CI, 1.05 to 1.82] [P � 0.009]) trimesters
than postpartum. The amprenavir area under the curve exceeded the target for 6/8
(75%) women in the 2nd trimester, 18/28 (64%) in the 3rd trimester, and 19/22
(86.4%) postpartum, and the trough concentrations (Cmin) of amprenavir were 4- to
16-fold above the mean amprenavir-protein-adjusted 50% inhibitory concentration
(IC50) of 0.146 �g/ml. Although amprenavir plasma concentrations in women receiv-
ing ritonavir-boosted fosamprenavir were lower during pregnancy than postpartum,
the reduced amprenavir concentrations were still above the exposures needed for
viral suppression.

Citation Eke AC, Wang J, Amin K, Shapiro DE,
Stek A, Smith E, Chakhtoura N, Basar M, George
K, Knapp KM, João EC, Rungruengthanakit K,
Capparelli E, Burchett S, Mirochnick M, Best BM,
for the P1026s Protocol Team. 2020.
Fosamprenavir with ritonavir pharmacokinetics
during pregnancy. Antimicrob Agents
Chemother 64:e02260-19. https://doi.org/10
.1128/AAC.02260-19.

Copyright © 2020 American Society for
Microbiology. All Rights Reserved.

Address correspondence to Ahizechukwu C.
Eke, aeke2@jhu.edu.

Received 10 November 2019
Returned for modification 9 December 2019
Accepted 7 January 2020

Accepted manuscript posted online 3
February 2020
Published

PHARMACOLOGY

crossm

April 2020 Volume 64 Issue 4 e02260-19 aac.asm.org 1Antimicrobial Agents and Chemotherapy

24 March 2020

https://orcid.org/0000-0002-0070-9840
https://doi.org/10.1128/AAC.02260-19
https://doi.org/10.1128/AAC.02260-19
https://doi.org/10.1128/ASMCopyrightv2
mailto:aeke2@jhu.edu
https://crossmark.crossref.org/dialog/?doi=10.1128/AAC.02260-19&domain=pdf&date_stamp=2020-2-3
https://aac.asm.org


KEYWORDS AIDS, amprenavir, fosamprenavir, human immunodeficiency virus,
pharmacokinetics, postpartum, pregnancy, ritonavir

Fosamprenavir (FPV), a calcium phosphoester prodrug of amprenavir (APV), in
combination with low-dose ritonavir (RTV), is a protease inhibitor (PI) that is not

recommended for use in pregnant women living with HIV but may be an option in
certain circumstances. FPV is available as 700-mg tablets and is currently dosed as
FPV-RTV at 700 mg/100 mg twice daily (1). Although FPV-RTV is not routinely used in
preventing perinatal transmission, it is still of benefit in people living with HIV in
countries where novel PIs are currently unavailable or in FPV treatment-experienced
adults living with HIV (2). APV has also been shown to be efficacious against breast
cancer by inhibiting the activity of extracellular signal-regulated kinase 2 (ERK2),
inhibiting tumor growth in human MCF-7 cancer cells, and inducing apoptosis both in
vitro and in vivo, making APV a promising drug for future anticancer therapeutics (3).

Fosamprenavir, upon oral administration, is rapidly and extensively converted to the
active drug APV in the intestinal mucosa (4–6). APV is subsequently metabolized in the
liver by cytochrome P450 3A4 (CYP3A4), primarily by oxidation to two major metabo-
lites, M2 and M3 (7). APV is an inhibitor of the HIV-1 protease enzyme: it binds to the
HIV protease active site and blocks replication by inhibiting the cleavage of the HIV-1
55 Gag precursor protein into p17 and p24 core proteins, which are necessary for viral
maturation (8). APV and its metabolites are excreted mainly in feces (75%) and urine
(14%) (9). Due to physiological and immunological changes that occur during preg-
nancy (increased CYP3A activity [10], increased volume of distribution [V], and in-
creased renal clearance), there is decreased exposure to many antiretrovirals (ARVs),
particularly the PIs, during the second and third trimesters of pregnancy (11, 12).

The pharmacokinetics (PK) of FPV-RTV were studied previously in pregnant and
postpartum women attending HIV pregnancy clinics in New York by Cespedes et al.
(13). Amprenavir exposure decreased by 35% during the 2nd trimester of pregnancy
and by 25% during the 3rd trimester with 700-mg/100-mg FPV-RTV twice-daily dosing
compared to postpartum (13). Similarly, APV trough plasma concentrations (Cmin)
decreased by 36% during the 2nd trimester and by 38% in the 3rd trimester of
pregnancy with 700-mg/100-mg FPV-RTV twice-daily dosing compared to postpartum.
However, the PK analysis by Cespedes et al. was limited to six patients in the second
trimester and nine patients in the third trimester and postpartum (13). A larger sample
size is critically important in PK studies, as it provides a better understanding of intra-
and interindividual variability needed for robust PK predictions (14). Therefore, the goal
of the present study was to evaluate the PK of FPV-RTV (700/100 mg twice daily) during
pregnancy using a larger and diverse sample size of women living with HIV from
multiple countries.

RESULTS

Demographic characteristics and clinical outcomes for the 29 participants are shown
in Table 1. Of the 29 participants, 8 were sampled in the second trimester, 28 were
sampled in the third trimester, and 22 were sampled postpartum. The median age at
delivery of the mothers participating in this study was 31 years (interquartile range
[IQR], 25.4, 34.1 years). Twelve (41%) women were black non-Hispanic, 15 (52%) were
Hispanic, 1 participant (3%) was Asian, and 1 (3%) was white non-Hispanic. The median
gestational ages at the time of sampling were 24.6 weeks (IQR, 21.2, 25.6 weeks) in the
2nd trimester and 32.7 weeks (IQR, 31.6, 35.0 weeks) in the 3rd trimester, and the
median postpartum sampling time was 6.7 weeks after delivery (IQR, 6.0, 9.9 weeks)
(Table 1).

The plasma HIV-1 RNA loads were �75 copies/ml in 38% (3/8) of participants in the
second trimester, 70% (19/27) in the third trimester, and 76% (13/17) postpartum. The
median CD4 counts (cells per milliliter) were 485 (IQR, 418, 571) in the second trimester,
491 (IQR, 356, 635) in the third trimester, and 590 (IQR, 394, 794) postpartum. The
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median gestational age at the time of delivery was 38.7 (IQR, 37.9, 39.4) weeks, and the
median neonatal birth weight was 3,238 g (IQR, 2,935, 3,478 g) (Table 1).

Amprenavir and ritonavir PK parameters with standard adult dosing (FPV at 700 mg
and RTV at 100 mg twice daily) during the second trimester (n � 8) and third trimester
(n � 28) and 2 weeks postpartum (n � 22) are presented in Tables 2 and 3. Since FPV
is the prodrug for APV, APV exposure was measured. The APV area under the
concentration-versus-time curve from time zero to 12 h postdose (AUC0 –12) was lower
in the 3rd trimester (geometric mean ratio, 0.60 [confidence interval {CI}, 0.49 to 0.72]
[P � 0.001]) than postpartum (Fig. 1). The median APV AUC values (interquartile ranges)
were 43.5 �g · h/ml (IQR, 38.5, 50.4 �g · h/ml) during the second trimester, 32.2 �g ·
h/liter (IQR, 21.5, 39.7 �g · h/ml) during the third trimester, and 51.6 �g · h/ml (IQR, 45.2,
59.6 �g · h/ml) postpartum (Table 2). The APV AUC exceeded the target for 6/8 (75%)

TABLE 1 Demographic characteristics and outcomes (n � 29)

Parameter Value

Maternal characteristics
Median age at delivery (yrs) (IQR) 30.8 (25.4, 35.1)
Median wt at delivery (kg) (IQR) 83.0 (77.7, 99.0)
No. (%) of subjects of race/ethnicity

Black non-Hispanic 12 (41)
Hispanic (regardless of race) 15 (52)
White non-Hispanic 1 (3)
Asian, Pacific Islander 1 (3)

No. (%) of individuals from country
Argentina 2 (7)
Brazil 6 (21)
USA 21 (72)

Second-trimester PK evaluation
Median gestational age (wks) (IQR) 24.6 (21.2, 25.6)
Median duration of FPV before PK evaluations (wks) (IQR) 7.2 (5.1, 63.1)
Median HIV-1 RNA load (copies/ml) (IQR) 159.0 (44.0, 627.5)
No. (%) of mothers with viral load of �75 copies/ml 3 (38)
Median CD4 count (cells/mm3) (IQR) 484.5 (417.5, 571.0)

Third-trimester PK evaluation
Median gestational age (wks) (IQR) 32.7 (31.6, 35.0)
Median duration of FPV before PK evaluations (wks) (IQR) 19.2 (10.7, 101.7)
Median HIV-1 RNA load (copies/ml) (IQR) 50.0 (48.0, 120.0)
No. (%) of mothers with viral load of �75 copies/ml 19 (70)
Median CD4 count (cells/mm3) (IQR) 491.0 (356.0, 635.0)

PK evaluation at delivery
Median HIV-1 RNA load (copies/ml) (IQR) 50.0 (48.0, 77.5)
Median gestational age (wks) (IQR) 38.7 (37.9, 39.4)
No. (%) of mothers with viral load of �75 copies/ml 21 (75)
Median CD4 count (cells/mm3) (IQR) 491.0 (358.0, 699.0)

Postpartum PK evaluation
Median time postdelivery (wks) (IQR) 6.7 (6.0, 9.9)
Median HIV-1 RNA load (copies/ml) (IQR) 50.0 (48.0, 56.0)
No. (%) of mothers with viral load of �75 copies/ml 13 (76)
Median CD4 count (cells/mm3) (IQR) 590.0 (394.0, 794.0)

Pregnancy outcomes
Median birth wt (g) (IQR) 3,237.5 (2935.0, 3477.9)
No. (%) of infants with infection status 26 (90) uninfected, 2 (7)

indeterminate,a 1 (3)
pending based on
available data

aAn infant was considered HIV infection indeterminate if nucleic acid tests were negative but were not
sufficient to meet the definitively negative criterion (i.e., two negative nucleic acid tests, with one after
1 month and the other after 4 months of age), often because of withdrawal from the study before the age
of 4 months.
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participants in the 2nd trimester, 18/28 (64%) in the 3rd trimester, and 19/22 (86.4%)
postpartum (Fig. 1).

The amprenavir apparent oral clearance (CL/F) was higher in the 3rd trimester (GMR,
1.68 [CI, 1.38 to 2.03] [P � 0.001]) than postpartum (P � 0.001). The amprenavir mini-
mum plasma concentration (Cmin) (0.97 [CI, 0.55 to 1.71] [P � 0.01]), the APV initial
serum concentration (C0) (GMR, 0.91 [CI, 0.50 to 1.65]), and the APV last observable
quantifiable plasma concentration (Clast) (GMR, 0.60 [CI, 0.45 to 0.81] [P � 0.004]) were
lower in the 3rd trimester than postpartum. Similarly, the APV maximum plasma
concentration (Cmax) (GMR, 0.74 [CI, 0.58 to 0.93] [P � 0.03]) and trough serum con-
centration at 12 h (C12) (GMR, 0.56 [CI, 0.43 to 0.72]) were lower in the 3rd trimester than
postpartum (Fig. 2). The minimum APV target trough concentration for the wild-type
virus of 0.4 �g/ml (15) was exceeded by 87.5% (7/8) of women in the 2nd trimester,
96.4% (27/28) in the 3rd trimester, and 95.5% (21/22) postpartum (Fig. 2).

Ritonavir PK data are shown in Table 3. The ritonavir AUC0 –12 was lower in the 2nd
(GMR, 0.51 [CI, 0.28 to 0.91] [P � 0.09]) and 3rd (GMR, 0.73 [CI, 0.55 to 0.95] [P � 0.005])
trimesters than postpartum. The ritonavir CL/F was higher in the 2nd (GMR, 1.98 [CI,
1.10 to 3.56] [P � 0.06]) and 3rd (GMR, 1.38 [CI, 1.05 to 1.82] [P � 0.005]) trimesters than
postpartum. The ritonavir Clast (GMR, 0.45 [CI, 0.20 to 1.03] [P � 0.08]) and Cmin (GMR,
0.49 [CI, 0.24 to 0.99] [P � 0.08]) were lower in the 2nd trimester than postpartum. The
ritonavir C12 (GMR, 0.70 [CI, 0.53 to 0.91] [P � 0.03]) was lower in the 3rd trimester than
postpartum.

Third-trimester APV and RTV PK parameters by viral load (�75 copies/ml versus �75
copies/ml) are shown in Table 4. No statistically significant associations between drug
exposure and viral load suppression were detected (Table 4). Four women (13.8%)
experienced adverse events that were possibly treatment related, including moderate

TABLE 2 Comparison of amprenavir pharmacokinetics in the 2nd trimester versus postpartum and in the 3rd trimester versus
postpartuma

PK parameter

Median value for group (IQR) 2T/PP comparison 3T/PP comparison

2T (n � 8) 3T (n � 28) PP (n � 22) GMR (90% CI) P value GMR (90% CI) P value

APV AUC0–12 (�g · h/ml) 43.50 (38.50, 50.40) 32.15 (21.45, 39.70) 51.60 (45.20, 59.60) 0.68 (0.44, 1.04) 0.22 0.60 (0.49, 0.72) <0.001
APV CL/F (liters/h) 13.79 (11.91, 15.58) 18.66 (15.11, 28.23) 11.63 (10.07, 13.27) 1.48 (0.96, 2.27) 0.22 1.68 (1.38, 2.03) <0.001
APV T1/2 (h) 8.67 (5.90, 13.57) 12.98 (8.50, 31.62) 14.26 (8.22, 28.25) 0.41 (0.009, 17.97) 1.00 1.02 (0.42, 2.49) 0.637
APV Cmin (�g/ml) 1.91 (0.34, 2.39) 1.48 (0.86, 1.80) 2.42 (1.36, 3.08) 0.37 (0.10, 1.40) 0.16 0.97 (0.55, 1.71) 0.01
APV Clast (�g/ml) 2.05 (1.56, 2.65) 1.67 (1.13, 2.24) 2.80 (1.93, 3.82) 0.39 (0.10, 1.54) 0.22 0.60 (0.45, 0.81) 0.004
APV Cmax (�g/ml) 5.61 (4.47, 6.64) 5.12 (3.60, 6.26) 6.75 (4.31, 9.24) 0.83 (0.56, 1.22) 0.16 0.74 (0.58, 0.93) 0.03
APV C0 (�g/ml) 2.19 (1.05, 3.13) 1.70 (1.34, 2.28) 3.14 (1.56, 4.94) 0.71 (0.40, 1.27) 0.47 0.91 (0.50, 1.65) <0.001
APV C12 (�g/ml) 2.12 (1.39, 2.67) 1.64 (1.16, 2.21) 2.87 (2.34, 3.41) 0.48 (0.14, 1.65) 0.44 0.56 (0.43, 0.72) <0.001
aP values were determined by a Wilcoxon rank sum test. 2T, second trimester; 3T, third trimester; PP, postpartum; IQR, interquartile range; AUC0 –12, area under the
concentration-versus-time curve from time zero to 12 h postdose; CL/F, apparent oral clearance; Cmin, minimum concentration; Cmax, maximum concentration; T1/2,
elimination half-life; Clast, last observed quantifiable concentration; C0, initial concentration at time zero; C12, concentration at 12 h postdose. Values in boldface type
are significant P values (�0.1).

TABLE 3 Comparison of ritonavir pharmacokinetics in the 2nd trimester versus postpartum and in the 3rd trimester versus postpartuma

PK parameter

Median value for group (IQR) Comparison of 2T/PP Comparison of 3T/PP

2T (n � 8) 3T (n � 28) PP (n � 22) GMR (90% CI) P value GMR (90% CI) P value

RTV AUC0–12 (�g · h/ml) 2.52 (1.35, 4.10) 3.68 (2.76, 5.64) 4.86 (2.73, 6.60) 0.51 (0.28, 0.91) 0.09 0.72 (0.55, 0.95) 0.005
RTV CL/F (liters/h) 47.16 (24.61, 74.15) 27.20 (17.74, 36.22) 20.63 (15.15, 36.72) 1.98 (1.10, 3.56) 0.06 1.38 (1.05, 1.82) 0.009
RTV T1/2 (h) 3.71 (3.06, 10.92) 4.08 (3.47, 6.65) 4.92 (3.03, 6.64) 1.05 (0.18, 6.14) 1.00 1.45 (0.57, 3.69) 0.520
RTV Cmin (�g/ml) 0.07 (0.05, 0.12) 0.12 (0.05, 0.15) 0.10 (0.05, 0.20) 0.49 (0.24, 0.99) 0.08 1.08 (0.87, 1.33) 0.720
RTV Clast (�g/ml) 0.09 (0.06, 0.16) 0.13 (0.06, 0.24) 0.18 (0.08, 0.26) 0.45 (0.20, 1.03) 0.08 0.83 (0.63, 1.10) 0.250
RTV Cmax (�g/ml) 0.41 (0.25, 0.73) 0.64 (0.51, 1.07) 0.77 (0.51, 1.08) 0.65 (0.37, 1.12) 0.30 0.83 (0.61, 1.11) 0.475
RTV C0 (�g/ml) 0.13 (0.06, 0.24) 0.16 (0.11, 0.31) 0.19 (0.09, 0.41) 0.59 (0.31, 1.10) 0.30 0.87 (0.62, 1.22) 0.134
RTV C12 (�g/ml) 0.12 (0.05, 0.29) 0.16 (0.05, 0.20) 0.19 (0.08, 0.26) 0.71 (0.24, 2.14) 0.69 0.70 (0.53, 0.91) 0.029
aP values were determined by a Wilcoxon rank sum test. 2T, second trimester; 3T, third trimester; PP, postpartum; IQR, interquartile range; AUC0 –12, area under the
concentration-versus-time curve from time zero to 12 h postdose; CL/F, apparent oral clearance; Cmin, minimum concentration; Cmax, maximum concentration; T1/2,
elimination half-life; Clast, last observed quantifiable concentration; C0, initial concentration at time zero; C12, concentration at 12 h postdose. Values in boldface type
are significant P values (�0.1).
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to severe elevations of alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) levels. All antiretrovirals received, and the number of mothers taking each one at
the time of PK evaluations, are summarized in Table 5.

DISCUSSION

Pregnancy is known to modify the actions of some drug-metabolizing enzymes,
impacting drug exposure (16–18). Previous studies demonstrated decreases in expo-
sure to PIs during pregnancy, including lopinavir, atazanavir, saquinavir, indinavir,
darunavir, and nelfinavir (19–26). The largest decreases are notable in the third trimes-
ter, while second-trimester concentrations were generally decreased to a lesser extent
(27, 28). However, boosting with RTV improves the PK and pharmacodynamic (PD)
profiles of most PIs (29, 30). For example, when APV is used without RTV, trough
concentration (Cmin) values (0.280 �g/ml) were found to be very close to the EC90

(concentration producing 90% of the maximal antiviral effect) value of 0.228 �g/ml (5).

FIG 1 Amprenavir AUCs in women during the 2nd and 3rd trimesters and postpartum. The estimated
10th percentile for the AUC of amprenavir after FPV-RTV 700/100-mg twice-daily dosing is 27.7 �g · h/ml
(represented by the dashed line). One, ten, and two women fell below the 10th-percentile line in the
second- and third-trimester and postpartum states, respectively.

FIG 2 Amprenavir trough concentrations at 12 h in women during the 2nd and 3rd trimesters and
postpartum. The dashed line represents 0.4 �g/ml, the minimum target trough concentration for
wild-type virus. One woman had a trough concentration below this level at each evaluation period (2nd
trimester, 3rd trimester, and postpartum).
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However, with RTV boosting, Cmin values were 8- to 9-fold higher (1.92 �g/ml) (31).
These results have direct implications for perinatal transmission and HIV resistance.

Physiological changes during pregnancy can explain the decreased drug exposures
to APV and RTV. FPV is rapidly and almost entirely hydrolyzed to APV and inorganic
phosphate as it is absorbed from the gastrointestinal tract after oral administration (5,
6). APV is transported by P-glycoprotein (P-gp) and has a large apparent volume of
distribution of over 430 liters (8). APV has an elimination half-life (T1/2) of 7.7 h when
unboosted, but this increases to 15 to 23 h when boosted with RTV. APV is a substrate
of cytochrome P450 (CYP3A) enzymes; an inhibitor of CYP3A4 (32), breast cancer
resistant protein (BRCP) (32), P-gp (33), and organic anion transporters (OATS) (34); and
almost exclusively metabolized by CYP3A isoforms (2, 8). Therefore, the large volume of
distribution, increased clearance, and increases in CYP3A activity during pregnancy
(35% to 38%) (35), especially during the third trimester, likely contribute to the lower
drug exposures and enhanced clearance of APV from maternal plasma. APV is highly
protein bound, with 90% of circulating plasma APV levels bound to plasma proteins
(mainly alpha-1-acid glycoprotein) (36).

An understanding of known pharmacokinetic-pharmacodynamic (PKPD) relation-
ships of APV (AUC, viral response, and protein-adjusted 50% inhibitory concentration
[IC50]/IC90) in the context of lower exposures is needed to evaluate whether the
decrease in APV exposure is clinically relevant during pregnancy. To effectively and
consistently suppress HIV replication in people living with HIV, antiretroviral drugs must
achieve certain concentrations and be maintained at concentrations that exceed the
susceptibility of the virus to that medication (15). This requires that the minimum drug
concentrations exceed the inhibitory concentrations for particular strains of HIV (wild
type or resistant type) (37). Steady-state PKPD and efficacy relationships show that
trough concentrations (Cmin) of APV are good predictors of a decrease in viral load (5).
In this study, the minimum APV target trough concentration for wild-type virus of
0.4 �g/ml was exceeded by 87.5% (7/8) of participants in the 2nd trimester, 96.4%
(27/28) in the 3rd trimester, and 95.5% (21/22) postpartum (Fig. 2). Also, the Cmin values
of APV were 4- to 16-fold above the mean APV protein-adjusted IC50 of 0.146 �g/ml (5,
31) for wild-type HIV-1 (Table 2). The 10th-percentile median AUC for RTV-boosted FPV
in adults on twice-daily FPV-RTV at 700/100 mg (27.7 �g · h/ml) was exceeded by 100%
(8/8) of participants in the second trimester, 92.9% (26/28) in the third trimester, and
100% (22/22) postpartum (Table 2). In addition, using a cutoff value of �75 copies/ml
versus �75 copies/ml for an undetectable viral load, we were not able to identify any
statistically significant associations between drug exposure and viral load suppression
(Table 4), although this was most likely due to the small sample size and lack of
statistical power. Many women met the minimum trough concentrations during the
second and third trimesters of pregnancy, as well as postpartum, suggesting that
reductions in RTV-boosted APV exposures were not clinically significant.

While our current findings suggest that the use of FPV-RTV at 700 mg/100 mg twice

TABLE 5 Number of mothers taking each ARV at the time of PK evaluations

Druga

No. of mothers
taking ARVs at the
2nd-trimester PK visit

No. of mothers
taking ARVs at the
3rd-trimester PK visit

3TC 4 15
ABC 0 2
DDI 0 1
FPV 8 28
FTC 4 12
NVP 0 1
RTV 8 27
TDF 4 15
ZDV 4 14
a3TC, lamivudine; ABC, abacavir; DDI, didanosine; FPV, fosamprenavir; FTC, emtricitabine; NVP, nevirapine;
RTV, ritonavir; TDF, tenofovir disoproxil fumarate; ZDV, zidovudine.
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daily in pregnant women does not provide exposure comparable to that in nonpreg-
nant adults, a dose adjustment may not be necessary as the majority of women fell
above the 10th-percentile AUC and had trough levels of �0.4 �g/ml. Those pregnant
women whose APV troughs fell below this target may have an inadequate virological
response, so close monitoring of the viral load in pregnant women receiving FPV is
warranted. No participant in our study received an increased dose of FPV, so our data
provide no information on the impact of dose adjustment on APV exposures during
pregnancy. APV exposure may also be increased by increasing the RTV dose. Increased
plasma RTV could provide higher exposure to the boosted PI, slowing down the
metabolism of APV and increasing minimum trough concentration, half-life, and AUC
values while minimizing adverse effects by concurrently decreasing the time to maxi-
mum plasma concentration (Tmax) and Cmax. However, RTV is often not well tolerated
due to gastrointestinal side effects, possibly limiting enthusiasm for using an increased
dose in pregnant women.

Our study has several strengths. First, pregnant patients in the FPV arm of the
International Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT) Network
1026s study were monitored in a longitudinal pattern throughout pregnancy and
postpartum, during which evaluation of clinical findings related to FPV exposure
occurred at regular time intervals. Second, because this was a prospective cohort study,
confounding, recall, and selection biases were minimized. Third, within-participant
comparisons (second or third trimester versus postpartum) reduced concerns about
heterogeneity during this PK study. Fourth, another strength of this study is the sample
size: 29 participants. Fifth, complete PK data were available for 96.5% (28/29) of
participants evaluated in the third trimester of pregnancy and for 76% (22/29) evalu-
ated postpartum.

This study had its limitations. First, this is an observational PK/safety study of a
heterogeneous group of pregnant women receiving FPV-RTV for clinical care. There was
variation in their background characteristics, and pregnant women who began FPV-RTV
but did not tolerate it or demonstrated inadequate initial efficacy would have been
taken off the drug and would not have been eligible for the study. Second, we did not
assess the pharmacogenomic relationship between FPV-RTV dosing and genetic resis-
tance to HIV in pregnancy.

In conclusion, our findings confirm that RTV-boosted FPV exposure is decreased
during pregnancy. Although exposure was lower during pregnancy, few women were
found to have a trough level below the recommended trough level of 0.4 �g/ml, and
the majority of women met the 10th-percentile AUC of 27.7 �g · h/liter during the
second and third trimesters of pregnancy and postpartum. Most participants achieved
a viral load of �75 copies/ml, further suggesting adequate viral suppression despite
decreased ARV exposure. However, our sample size was small, and further investigation
of methods to achieve APV exposure during pregnancy equivalent to that in nonpreg-
nant adults, such as increasing the ritonavir dose, is warranted.

MATERIALS AND 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
(identifier NCT00042289). This study was done as part of the International Maternal Pediatric Adolescent
AIDS Clinical Trials (IMPAACT) Network P1026s, Pharmacokinetic Properties of Antiretroviral and Related
Drugs during Pregnancy and Postpartum (ClinicalTrials.gov identifier NCT00042289), an ongoing, mul-
ticenter, nonblind, prospective phase IV study of the PK and safety of selected ARVs in women living with
HIV. The study included an arm for pregnant women receiving FPV at 700 mg with ritonavir at 100 mg
twice daily.

Pregnant women living with HIV were eligible for enrollment if they were receiving 700 mg/100 mg
FPV-RTV as part of clinical care for at least 2 weeks and planned to continue the regimen. Exclusion
criteria were the concurrent use of medications known to interfere with the absorption, metabolism, or
clearance of FPV or RTV, including multiple gestation and clinical or laboratory toxicity that, in the
opinion of the site investigator, would likely require a change in the medication regimen during the
study. Medications were prescribed by the participant’s health care provider, who remained responsible
for her clinical management throughout the study. Participants continued on study until the completion
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of postpartum PK sampling. For women enrolling during the second trimester of pregnancy, APV PK were
determined in real time between weeks 20 and 26 of gestation and repeated between weeks 30 and 36
of gestation. Women enrolling in the third trimester had PK sampling performed between weeks 30 and
36 of gestation. PK sampling was repeated between weeks 6 and 12 postpartum. Infants were enrolled
at the same time as their mothers, with maternal consent. An infant was considered HIV negative if at
least two nucleic acid tests were negative, with one after 1 month and the other after 4 months of age.
An infant was considered HIV infection indeterminate if nucleic acid tests were negative but were not
sufficient to meet the definitively negative criterion (i.e., two negative nucleic acid tests, with one after
1 month and the other after 4 months of age), often because of withdrawal from the study before the
age of 4 months.

Clinical and laboratory monitoring. Maternal data obtained for this analysis were maternal age,
ethnicity, weight, concomitant medications, CD4 counts, and plasma viral load assay results. Plasma viral
load assays were done locally and had lower limits of detection of as high as 75 copies/ml, so all viral load
measurements of 75 copies/ml or lower were set to 75 copies/ml for data analyses. Maternal clinical and
laboratory toxicities were assessed through clinical evaluations (history and physical examination) and
laboratory assays (alanine aminotransferase, aspartate aminotransferase, creatinine, blood urea nitrogen
[BUN], albumin, bilirubin, and hemoglobin) on each PK sampling day and at delivery. Infant data included
birth weight, gestational age at birth, and HIV status, if available. The study team reviewed toxicity
reports on monthly conference calls, although the participant’s provider was responsible for clinical
management. The Division of AIDS (DAIDS)/National Institute of Allergy and Infectious Diseases toxicity
table for grading the severity of adult adverse experiences was used to report adverse events for study
participants (38). All toxicities were monitored through resolution.

Sample collection and drug assays. Participants were stable on their ARV regimen for at least
2 weeks before PK sampling. Seven plasma samples were drawn at the second-trimester, third-trimester,
and postpartum PK evaluation visits, starting immediately before an oral FPV-RTV dose and at 1, 2, 4, 6,
8, and 12 h postdose. Fosamprenavir-ritonavir was given as an observed dose. Other information
collected included the time of the two prior doses, the two most recent meals, and maternal height and
weight. A single maternal plasma sample and an umbilical cord sample after the cord was clamped were
collected at delivery. The University of California, San Diego (UCSD), Pediatric Clinical Pharmacology
Laboratory, using a validated, reversed-phase, multiplex, high-performance liquid chromatography
method, measured APV and RTV. The lower limits of quantitation were 0.047 �g/ml for APV and
0.094 �g/ml for RTV. The University of California, San Diego, laboratory has been enrolled in the AIDS
Clinical Trials Group Quality Assurance/Quality Control Proficiency Testing Program since 2001, which
performs standardized interlaboratory testing twice a year.

Pharmacokinetic and statistical analyses. The maximum plasma concentration (Cmax), minimum
plasma concentration (Cmin), and 12-h-postdose concentration (C12) were determined by direct inspec-
tion. For concentrations below the assay limit of detection, a value of one-half of the detection limit
(0.024 �g/ml for amprenavir and 0.047 �g/ml for ritonavir) was used in summary calculations. The
AUC0 –12 values during the dosing interval (from time zero to 12 h postdose) for APV and RTV were
estimated using the trapezoidal rule. The apparent oral clearance (CL/F) from plasma was calculated as
dose divided by AUC0 –12. The terminal slope of the curve (�z) was estimated from the last two
measurable and declining concentrations between 6 and 12 h postdose. The half-life was calculated as
dose divided by �z, and the apparent volume of distribution (V/F) was determined as CL/F divided by �z.
The amprenavir AUC0 –12 was calculated for each woman and compared with the APV AUC0 –12 in
nonpregnant adults. Each participant’s provider was notified of the participant’s plasma concentrations
and AUC0 –12 within 2 weeks. If the APV AUC0 –12 was below the target of 27.7 �g · h/ml (the 10th
percentile in nonpregnant adult populations), the provider was offered the option of discussing the
results and possible dose modifications with a study team pharmacologist.

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, with a P value of �0.1 considered statistically significant. The 90%
confidence limits for the geometric mean 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 significant difference in exposure. Data analysis was done using SAS (version 9.4; SAS Institute,
Cary, NC).
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