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ABSTRACT 26 

Lopinavir/ritonavir (LPV/r) based regimen is recommended during pregnancy to reduce the 27 

risk of HIV mother-to-child transmission, but the appropriate dose is controversial. We 28 

compared the pharmacokinetics of standard and increased LPV/r doses during pregnancy. 29 

This randomized, open-label prospective study enrolled 60 HIV-infected pregnant women 30 

between gestational weeks 14 and 30. Participants received either the standard (400/100 mg 31 

BID) or increased dose (600/150 mg BID) of LPV/r tablets during pregnancy and the 32 

standard dose for six weeks after childbirth. Pharmacokinetic analysis was performed using a 33 

high-performance liquid chromatography-tandem mass spectrometry method. Adherent 34 

participants who received the standard dose presented minimum LPV concentrations of 4.4, 35 

4.3 and 6.1µg/mL in the second and the third trimesters and postpartum, respectively. The 36 

increased dose group exhibited values of 7.9, 6.9 and 9.2 µg/mL at the same timepoints. 37 

Although LPV exposure was significantly higher in the increased dose group, the standard 38 

dose produced therapeutic levels of LPV against wild-type virus in all adherent participants, 39 

except one patient in the third trimester; 50%, 37.5%, 25% and 0%, 15%, 0% of the 40 

participants in the standard and increased dose groups, respectively, failed to achieve 41 

therapeutic levels against resistant viruses during the second and third trimesters and after 42 

childbirth. After 12 weeks of treatment and after childbirth, all adherent participants achieved 43 

undetectable HIV viral loads, and their babies (49/54) were uninfected. No serious drug-44 

related adverse events were observed. We conclude that the standard dose is appropriate for 45 

use during pregnancy and an increased dose may be necessary for women harboring resistant 46 

HIV (clinicaltrials.gov identifier NCT00605098). 47 

   48 



INTRODUCTION 49 

The number of women infected by the human immunodeficiency virus (HIV) 50 

worldwide has gradually increased in recent years (1). The majority of these women are of 51 

reproductive age, which increases the risk of HIV mother-to-child transmission (MTCT). The 52 

ability to reduce HIV MTCT rates through antiretroviral (ARV) use during pregnancy was 53 

first reported in 1994 (2); treatment efficacy is increased when combination ARV treatment 54 

(cART) is used from the second trimester of pregnancy (3,4). 55 

Pharmacokinetic parameters may affect drug efficacy and toxicity (5). However, few 56 

studies have investigated the pharmacokinetic differences between women and men (6-8) and 57 

in pregnant women (9). Studies conducted with a small number of participants suggest that 58 

protease inhibitor (PI) plasma levels are higher in women (10-12), although PI exposure 59 

decreases during pregnancy, especially in the third trimester (13). 60 

The use of lopinavir, co-formulated with ritonavir (LPV/r), during pregnancy is 61 

recommended in the majority of HIV treatment guidelines (14-17), even though previous 62 

studies have been insufficient to determine the optimal LPV dose during pregnancy (18-24). 63 

Well-designed ARV pharmacokinetic evaluations in HIV-infected pregnant women 64 

are required to ensure successful prevention of mother-to-child transmission (PMTCT) 65 

intervention strategies without compromising maternal health. The present study aimed to 66 

evaluate the pharmacokinetics of LPV and RTV, by comparing two different LPV/r doses 67 

(standard and increased) in pregnant women.  68 

 69 

METHODS AND MATERIALS  70 

Trial design and participants 71 

This was a randomized, open-label prospective study (clinicaltrials.gov identifier 72 

NCT00605098) conducted at the Instituto de Pesquisa Clínica Evandro Chagas (IPEC), 73 



Fundação Oswaldo Cruz (Fiocruz), that enrolled 60 HIV-infected pregnant women between 74 

14-30 gestational weeks from two clinical sites in the Rio de Janeiro Metropolitan area: the 75 

STD/AIDS Service of Hospital Geral de Nova Iguaçu (HGNI) and the Infectious Diseases 76 

Service of Hospital dos Servidores do Estado do Rio de Janeiro (HSE). Study participants 77 

were randomized in a 1:1 ratio using the SAS software (version 9.1.4) to receive either the 78 

standard dose (400/100 mg BID) or increased dose (600/150 mg BID) of LPV/r tablets 79 

(Kaletra, Abbott Laboratories, Abbott Park, IL, USA) during the pregnancy. All participants 80 

continued to receive the standard dose of LPV/r for at least 6 weeks postpartum. The study 81 

was funded by the Brazilian Ministry of Health. 82 

Study participants were eligible for inclusion if they met the following criteria: 83 

pregnant women aged ≥ 18 years, gestational age of 14-30 weeks, HIV-infected and intended 84 

to continue cART for at least 6 weeks after delivery. The exclusion criteria included known 85 

hypersensitivity to LPV or RTV, use of concomitant medications with contraindications to 86 

the use of LPV/r, or any comorbidity that the physician deemed contraindicative to study 87 

participation.  88 

Procedures 89 

The institutional review board (IRB) of each participating institution approved this 90 

study; all participants signed an informed consent (IC) prior to study enrolment. 91 

HIV-1 viral load, T-lymphocyte subpopulations, Complete Blood Count (CBC), 92 

Chemistry, Alanino aminotransferase (ALT), Aspartato aminotransferase (AST) and lipids 93 

were evaluated at baseline and at quarterly visits. 94 

Concomitant medication use was evaluated at each study visit. Adverse events (AE) 95 

were recorded at each study visit and graded according to the Division of AIDS grading 96 

system (25). Treatment adherence was evaluated by patient self-reported adherence (3-day 97 



diary period) and through pill counts, calculated by the ratio of ARV pills returned at each 98 

visit to the number of pills dispensed in the previous visit. 99 

Perinatal HIV-1 infection was documented by the detection of HIV RNA in plasma 100 

samples.  Tests were performed between birth and 6 months, with a confirmatory test after 4 101 

months if positive, and/or serologic test after 18 months of life.  102 

Study Dosing and Pharmacokinetic Sample Collection 103 

Pharmacokinetic evaluations were performed at least two weeks after treatment 104 

initiation at the following time points: second trimester (between 20 and 28 weeks of 105 

gestation), third trimester (between 30 and 36 weeks of gestation), at delivery and postpartum 106 

(4 to 6 weeks after delivery), depending on the gestational age at study enrolment. Blood 107 

samples (8 mL) were drawn immediately before the morning LPV/r dose and at 1, 2, 3, 4, 5, 108 

6, 8, 10 and 12 hours thereafter. Umbilical cord and maternal blood samples (10 mL) were 109 

drawn at birth to evaluate transplacental drug delivery. At each pharmacokinetic evaluation, 110 

the time of the last LPV/r dose was also recorded. Blood samples were centrifuged at 4,000 111 

rpm for 10 minutes, and each plasma supernatant sample was aliquoted and stored at -70°C 112 

until assayed. 113 

Analytic Method 114 

The LPV and RTV plasma levels were determined by the Pharmacometry Laboratory 115 

at the Universidade Federal do Rio de Janeiro (UFRJ) using a validated high-performance 116 

liquid chromatography-tandem mass spectrometry method (HPLC-MS/MS), as previously 117 

reported (26). The assay ranges of LPV and RTV were 10-1000 ng/mL and 2-300 ng/mL, 118 

respectively. 119 

Pharmacokinetic Analysis 120 

Phoenix WinNonlin® software (version 6.2.1) was used to determine the area under 121 

the curve until the last measurable concentration (AUC[0-12]), plasma drug concentration at 12 122 



h (C12h), peak drug concentration (Cmax), minimum drug concentration (Cmin), pre-dose 123 

concentration (Cpd), total apparent oral clearance (Cl/F), time to Cmax (tmax) and time to 124 

Cmin (tmin) by non-compartmental analysis. The ratio of the LPV levels in the umbilical 125 

cord and maternal blood were calculated as the ratio of the average values determined at 126 

delivery using the R software (version 2.14).  127 

The primary endpoints were the LPV and RTV pharmacokinetic parameters AUC[0-128 

12], Cmin, C12h, Cmax, Cpd, Cl/F, tmax and tmin. Maternal viral load measured 4 weeks after 129 

study treatment initiation and after delivery, AEs and perinatal transmission rates were 130 

defined as secondary endpoints. 131 

Statistical Analysis 132 

Statistical analysis for primary endpoints was performed only for the cART-adherent 133 

population at each PK evaluation moment. cART adherent was defined according to the 134 

following criteria: >80% adherence according to pill counts, adherence of 100% according to 135 

patient self-reports and LPV Cpd > 0.2 µg/mL, the plasma level used as a marker of non-136 

adherence in previous therapeutic drug monitoring studies (12). Efficacy and safety endpoints 137 

were described for all participants who participated in at least one pharmacokinetic 138 

evaluation visit. 139 

The χ2 test was used for categorical data analysis. Numerical data were described 140 

using the mean and standard deviation and compared using the Wilcoxon and Kruskal-Wallis 141 

tests. Significant differences between groups were evaluated using the Tukey Test (p < 0.05) 142 

using R software (version 2.14). Graphics were created using Origin (version 8.0) software. 143 

A sample size of 20 participants/arm was determined to be sufficient to detect a 144 

difference of 30% in LPV AUC[0-12] between the two arms with 80% power and an alpha of 145 

0.05. A drop-out rate of 25 to 30% was assumed. Thus, 30 subjects were included in each 146 

study arm. 147 



 148 

RESULTS 149 

Participants 150 

Of the 72 pregnant women screened, 60 were enrolled and randomized (30 in each 151 

study arm) between January and September 2010. Of these participants, 53 participated in at 152 

least one pharmacokinetic evaluation visit (Figure 1).  153 

Baseline demographic and clinical data from the 53 study participants are depicted in 154 

Table 1. Considering the baseline parameters, there were not statistically significant 155 

differences between the two groups. Mean age at baseline was 27 years, and the mean 156 

gestational age at enrollment was approximately 20 weeks. Mean CD4+T-cell count was 536 157 

cells/mm3. Forty-seven HIV+ women were off treatment at the enrollment, 38 (72%) were 158 

naive and 9 had received prophylaxis prior to study entry (5 in the standard dose arm and 4 in 159 

the increased dose arm), including 3 PI-based regimens (1 nelfinavir and 2 LPV/r) and 6 160 

nevirapine-based regimens. Six women received cART prior to pregnancy. Only one 161 

participant presented previous AIDS-defining illness (neurotoxoplasmosis). All study 162 

participants received co-formulated zidovudine (ZDV) and lamivudine (3TC) (300/150 mg 163 

BID) in addition to LPV/r. Tenofovir (300 mg/day) was prescribed to one participant. All but 164 

one woman received ZDV I.V. during delivery, and 53/54 infants (98%) received ZDV P.O. 165 

for six weeks.  166 

Pharmacokinetic analysis 167 

Clinical data (treatment adherence, weight, gestational age and time between the last 168 

dose and the first sample drawn for pharmacokinetic evaluation) and the pharmacokinetic 169 

parameters of LPV and RTV during the second and the third trimesters of pregnancy and 170 

postpartum are shown in Tables 2 and 3, respectively.  171 



Although a high level of adherence was observed in both groups, a slightly lower 172 

adherence rate during pregnancy was observed in the LPV/r increased dose arm. 173 

The media LPV and RTV plasma concentrations among pregnant women who 174 

received the standard and increased doses of LPV/r are shown in Figures 2 and 4, 175 

respectively. The Figure 3 compares the media plasma profiles determined for the both arms 176 

during the third trimester. Participants who received the increased dose of LPV/r exhibited 177 

higher exposure to both drugs during pregnancy compared with those receiving the standard 178 

dose, even after postpartum dose reduction. The LPV and RTV curve concentration showed 179 

an absorption lag time mainly in the third trimester, most likely due to slower gastric 180 

emptying.  181 

The LPV AUC[0-12], Cmin, Cpd, Cmax and C12h were significantly different in the two 182 

arms (Table 3). At the second trimester and postpartum assessments, all participants in both 183 

arms who were considered adherent to cART (Figure 1) presented a Cmin > 1 µg/mL, which 184 

is the recommended efficacy threshold to block virus replication. At the third trimester 185 

assessments, one participant in each arm exhibited Cmin < 1 µg/mL. At the second trimester 186 

and postpartum assessments, all participants receiving the increased dose of LPV/r exhibited 187 

Cmin > 4 µg/mL, which is the therapeutic level considered effective for resistant viruses (27, 188 

28). Conversely, in the LPV/r standard dose group, 10/20 (50%) and 5/20 (25%) participants 189 

presented a Cmin < 4 µg/mL at the second trimester and postpartum assessments, 190 

respectively. During the third trimester, 37.5% (9/24) and 15% (3/20) of participants in the 191 

standard and increased LPV/r dose arms, respectively, exhibited Cmin values below this 192 

target.  193 

During the study, one participant in the standard dose arm (at the third trimester time 194 

point only) had a Cmin of 0.9 µg/mL and AUC[0-12] < 52 h.µg/mL, which is within the 10th 195 

percentile of AUC[0-12] based on data from non-pregnant adults. This participant was adherent 196 



to cART but presented a Cl/F of 11.7 L/h, which is superior to the mean value observed for 197 

the standard dose group at the third trimester (4.9 L/h). 198 

The LPV mean pharmacokinetic parameters Cmax, AUC[0-12], tmin, C12h and Cl/F 199 

during pregnancy were significantly different than those at the postpartum visit (p<0.01), 200 

particularly for the LPV/r standard dose group, indicating that the increased LPV/r dose is 201 

associated with a greater similarity in the pharmacokinetic parameters during pregnancy and 202 

postpartum (Table 3). This difference was sustained even 4 weeks after delivery, when 203 

participants in both arms received the LPV/r standard dose.  204 

The minimum RTV concentrations for adherent participants were 90.2, 106.4 and 205 

190.2 ng/mL for the standard dose arm and 205.8, 182.5 and 241.3 ng/mL for the increased 206 

dose arm in the second trimester, third trimester, and postpartum, respectively. The RTV 207 

AUC[0-12], Cmin, Cpd, Cmax and C12h during pregnancy were significantly lower than those 208 

at the postpartum visit (p<0.04), especially for the standard LPV/r dose group. 209 

Transplacental LPV and RTV levels 210 

When 12 participants from the standard dose arm and 7 participants from the 211 

increased dose arm were evaluated, the mean LPV maternal plasma levels at delivery were 212 

3.5 µg/mL and 4.0 µg/mL (with samples drawn 8.6 and 7.6 hours after the last LPV/r dose), 213 

respectively. From the standard dose arm and the increased dose arm, the mean cord blood 214 

LPV levels were 0.7 and 1.0 µg/mL, and the mean cord blood/maternal plasma ratios were 215 

0.20 and 0.18, respectively. At delivery, the mean RTV concentrations were 192.8 and 147.5 216 

ng/mL in the maternal blood and 16.8 and 35.8 ng/mL in the cord blood for the standard and 217 

increased dose arms, respectively. No significant difference in LPV and RTV transplacental 218 

passage was detected between the two arms (p=0.67 and p=0.81, respectively).  219 

Virologic response  220 



After 4 weeks on study, the participants in both arms had a progressively higher 221 

CD4+ T-cell count and almost 80% of parents had an undetectable viral load, including in 222 

those subjects deemed non-adherent. Only 9 participants presented a detectable HIV RNA 223 

viral load after 4 weeks of treatment, four were considered non-adherent, and 5 had low HIV 224 

RNA copy levels (between 72 and 96 copies/mL). After the 12th week of treatment and at the 225 

postpartum visit, all adherent participants had an undetectable viral load.  226 

Treatment safety 227 

Forty participants reported 80 clinical AEs during the study; 22 participants from the 228 

standard dose arm reported 39 events, and 18 women from the increased dose arm reported 229 

41 events (Table 4). Grades 1 and 2 gastrointestinal events, including cramps, and headache 230 

related to LPV were reported. The only laboratory AE related to the use of the study 231 

medication was dyslipidemia, and this was more frequent in the LPV/r increased dose arm 232 

(Table 5). Overall, the low frequency of AEs did not permit the detection of significant 233 

differences between the study arms. No AE led to participant study discontinuation in either 234 

treatment group. 235 

Pregnancy endpoints 236 

A total of 53 participants were included in the safety analysis, and 54 infants were 237 

delivered: 28 from the standard dose arm and 26 from the increased dose arms mothers. 238 

There were 4 premature deliveries (7.6%), 2 in each arm. Nineteen (35.9%) pregnant women 239 

had vaginal deliveries (6 from the standard dose arm and 13 from the increased dose arm), 7 240 

women (13.2%) had emergency caesarean deliveries (4 from the standard dose arm and 3 241 

from the increased dose arm) and 27 women (50.9%) had elective caesarean deliveries (15 242 

from the standard dose arm and 12 from the increased dose arm). The infants’ mean weight at 243 

delivery was 2.98 kg in both arms. Low birth weight (< 2.5 kg) was observed in 14.3% (4/28 244 

participants of the standard dose arm) and 11.5% (3/26 participants of the increased dose 245 



arm) of infants, all considered premature. Congenital abnormalities were observed in five 246 

infants: 2 cases of haemangioma (1 in each arm) and 3 cases of inguinal hernias (1 from the 247 

standard dose arm and 2 from the increased dose arm).  248 

Infant HIV serologic status  249 

Among the 54 neonates, 5 infants (9.3%) were not evaluated for HIV status: 3 250 

neonates died before the final diagnosis (1 premature infant from the standard dose arm and 2 251 

neonates from the increased dose arm). The causes of death were neonatal sepsis, at 19 days 252 

of life, gastroenteritis at two months of life and aspiration pneumonia at three months of life, 253 

respectively. The consent was withdrawn before the end of the study for 2 neonates (1 from 254 

each arm). All of the remaining 49 infants evaluated were uninfected.  255 

 256 

DISCUSSION 257 

In the present study, we compare the pharmacokinetic profiles of LPV/r administered 258 

in two dosage regimens, namely, the standard dose (2 tablets BID) and increased dose (3 259 

tablets BID), which is recommended for HIV-infected pregnant women by several treatment 260 

guidelines and studies. Participants in the increased dose arm showed increased LPV/r 261 

exposure and a greater similarity in pharmacokinetic parameters during pregnancy and after 262 

delivery. LPV AUC values in the increased dose arm were higher than AUC reported for 263 

non-pregnant adults (29), but were consistent with pharmacokinetic parameters determined in 264 

non-Caucasian adults with low body weight (30).  Even producing a lower LPV exposition 265 

during pregnancy, LPV standard dose was sufficient to provide LPV AUC similar to 82.8 266 

h.µg/mL, the 50th percentile AUC of LPV in non-pregnant adults (29). After delivery, LPV 267 

AUC of standard dose arm increased to 122.4 h.µg/mL, which was also observed in the 268 

increased dose arm (154.0 h.µg/mL). Considering both study arms, LPV exposition was 269 

similar only in the postpartum, when AUC and Cmax did not differ significantly.  270 



The lower LPV/r exposition during pregnancy demonstrated by our and other 271 

previously studies (19, 24, 34) was probably related to bioavailability and Cl/F alterations in 272 

this period. In our study, Cl/F was higher during pregnancy, when compared to postpartum, 273 

specially in the standard dose arm (p<0.001). In an evaluation of 33 pregnant women 274 

receiving LPV/r tablets, LPV Cl/F values were 5.6, 6.2 and 3 L/h in second and third 275 

trimester and at postpartum (19). In other study with pregnant women receiving LPV soft-gel 276 

capsules, the media Cl/F value was 9 L/h at antepartum and decreased to 6.1L/h at 277 

postpartum (30). 278 

All adherent participants had AUC and Cmin values above the target values, with the 279 

exception of one participant. A LPV Cmin below 1 µg/mL (minimum effective concentration 280 

in treatment-naïve adult HIV participants) was related to poor adherence to treatment, as 281 

evaluated by pill count and participant self-reported adherence. These observations reaffirm 282 

that adherence to treatment is one of the most important factors in successful HIV therapy 283 

(12, 23, 31), including during pregnancy (9, 32). 284 

Participants receiving the LPV/r standard dose and considered adherent to the 285 

treatment exhibited mean LPV Cmin similar to those observed for pregnant women in 286 

Thailand (22), the US (33) and the United Kingdom (24) (Table 6). Participants from these 287 

studies had weights similar to our study participants.  288 

The Cmin and Cpd values of the LPV/r standard dose arm were also similar to those 289 

reported in two therapeutic drug monitoring (TDM) trials conducted with pregnant women 290 

using this LPV/r dose (18, 21) (Table 6). However, the average body weight of those 291 

participants was higher than the mean weights of our participant and those from the 292 

previously cited studies. One of the limitations of TDM studies is that only pre-dose levels 293 

are determined, and thus concentrations can be overestimated if there is an absorption lag 294 



time, as was demonstrated in our LPV and RTV plasma profiles, most notably in the third 295 

trimester of pregnancy. 296 

In six studies using LPV tablets (400 mg/100 mg) in pregnant women, the standard 297 

dose of LPV/r was sufficient to maintain HIV suppression, and an increase in the daily 298 

number of tablets was not recommended (18, 20-22, 24, 33). Patterson and colleagues (33) 299 

performed two pharmacokinetic analyses with the same patient population in the third 300 

trimester of pregnancy, who first received a standard dose of LPV/r before transitioning to an 301 

increased LPV/r dose after two weeks. Similar minimum concentration values were observed 302 

for the standard and increased dose (4.0 and 4.9 µg/mL, respectively), and both were above 303 

the target for therapy against resistant virus (4.0 µg/mL). Although the increased dose was 304 

associated with an increase in AUC values (89.1 h.µg/mL vs. 54.1 h.µg/mL), the standard 305 

dose was sufficient to achieve the target of 52 h.µg/mL, which is the 10th percentile AUC[0-306 

12] of LPV for non-pregnant adults. 307 

Best and colleagues (19) conducted a study in pregnant women using LPV/r standard 308 

dose during second trimester and postpartum, and increased dose (6 pills a day) during third 309 

trimester, based on previous results that demonstrated a reduction of the Cmin and AUC values 310 

in the third trimester of pregnancy when LPV/r was administered in soft gelatine capsules (30). 311 

The minimum concentration values determined in the second trimester and postpartum were 312 

3.4 and 6.9 µg/mL, with AUC values of 72 and 133 h.µg/mL, respectively, and 2/11 (18.2%) 313 

and 2/27 (7.4%) of the participants presented a Cmin < 1 µg/mL. Participants receiving an 314 

LPV/r increased dose at the third trimester had a Cmin of 4.9 µg/mL and AUC of 96 h.µg/mL, 315 

and only 2/33 (6.1%) of the participants did not achieve a Cmin of 1 µg/mL (19). In our study, 316 

the adherent participants achieved Cmin (7.0 µg/mL) and AUC[0-12] (130.7 h.µg/mL) values 317 

higher than those reported by Best et al (19). However, the mean weight reported in that study 318 

was almost 10 Kg higher (77.8 Kg) than the mean reported in this and other studies (18, 21, 319 



33). The higher LPV exposure levels in our participants could be explained by the lower body 320 

weights of our participants; every 10 Kg of additional corporal weight is related to a 11% 321 

decrease in plasma drug levels (35). Another difference between the present study and the 322 

studies mentioned above is in the ethnic composition of the study participants; 100% of the 323 

participants in the Thailand studies were Asian, and the participants in the US and European 324 

studies were predominantly black, whereas 44.4% of the women in our study population self-325 

identified as white. Pharmacogenetic characteristics related to ethnicity can affect the 326 

pharmacokinetics of some drugs (36, 37), as has already been demonstrated in studies 327 

evaluating the pharmacokinetics and pharmacogenetics of LPV in adults and children from the 328 

US (38, 39). Correlating pharmacogenetic studies with race and ethnicity can cause 329 

misinterpretation (40), especially in Brazil, where the genetic characteristics reflect 330 

miscegenation among Amerindians, Europeans and Africans (41). Self-reported race, one 331 

parameter used in our study, can be a confounding factor because in Brazilian culture, self-332 

identified race is more affected by socially constructed factors than by skin color (42). 333 

Nevertheless, genetic characteristics, as well as environmental factors, diet, smoking or herbal 334 

intake and concomitant illness, cannot be discarded as a potential factor associated with the 335 

differences in the LPV pharmacokinetics between this study and the previously mentioned 336 

clinical trials (19, 20, 30, 43). 337 

In addition, the high inter-individual variability in PI plasma levels, which is 338 

approximately 34% for the LPV/r tablet formulation (44), suggests that the comparison of the 339 

Cmin and LPV therapeutic levels is more reliable than a simple comparison of the mean values 340 

of the various pharmacokinetic parameters reported by different studies. In our study, inter-341 

individual variability was excluded by the comparison of results from the same participants 342 

during pregnancy and after delivery, which indicated that LPV exposure is truly lower in 343 

pregnant women at any period of pregnancy than in non-pregnant adults. 344 



Considering only the adherent participants, the Cmin values were lower for the LPV/r 345 

standard dose arm (4.5, 4.3 and 6.1 µg/mL in the second and third trimesters of pregnancy 346 

and postpartum, respectively) than for non-pregnant adults (5.5 µg/mL) (44), whereas the 347 

Cmin values for the LPV/r increased dose arm (8.0, 7.0 and 9.2 µg/mL, respectively) were 348 

higher. The same observation applies to the AUC values determined at all stages of 349 

pregnancy and the mean AUC value for non-pregnant adults (92.6 h.µg/mL). These results 350 

confirm our finding that the LPV exposure during pregnancy in the standard dose group was 351 

lower than that for non-pregnant adults or pregnant women using an increased dose. The 352 

standard dose, in pregnant women, was sufficient to yield therapeutic LPV levels against wild 353 

HIV type virus and to maintain an AUC within the target range.  354 

Of note, 50%, 37.5% and 25% of the cART-adherent participants in the standard dose 355 

arm did not achieve LPV levels considered therapeutic for resistant viruses (4 µg/mL) in the 356 

second and third trimesters and postpartum, respectively. The only previous study that 357 

performed this type of analysis reported that 17.8% of the participants had LPV therapeutic 358 

levels for resistant viruses at the third trimester of pregnancy (18). In our study, all 359 

participants receiving an increased LPV/r dose presented a Cmin > 4 µg/mL in the second 360 

trimester and postpartum, and 85% Cmin > 4 at the third trimester of pregnancy. Even 4 361 

weeks after delivery, at which point all participants were receiving the standard dose of 362 

LPV/r, the minimum concentration in the increased dose group was higher (9.2 vs. 6.1 363 

µg/mL, p = 0.005), indicating that LPV dose could be reduced immediately after delivery 364 

without compromising the treatment efficacy. However, the clinical significance of these 365 

results is unknown; only a small number of participants that harbored resistant HIV was 366 

included in the pharmacokinetic study, and correlations of Cmin and AUC with virologic 367 

response could not be performed.  368 



Approximately 99% of LPV is highly bound to plasma protein. During pregnancy, 369 

unbound LPV increases, which compensates for the low level of plasma LPV observed in this 370 

period and also compensates for a portion of the decrease in the LPV plasma levels observed 371 

during pregnancy. Therefore, the fact that no cases of perinatal transmission were observed in 372 

this trial indicates that lower LPV exposure (especially in the third trimester) is not 373 

necessarily relevant to the efficacy of the prophylactic scheme. Furthermore, LPV/r dose 374 

adjustment during pregnancy can negatively impact adherence to cART, which is usually 375 

lower in treatments with a high pill burden (45). Nevertheless, for participants with suspected 376 

or confirmed PI resistant virus, the higher exposure obtained with an increased dose of LPV/r 377 

is appropriate and recommended until additional data become available.  378 

The comparison of the pharmacokinetic parameters of ritonavir in the two arms 379 

revealed significant differences during pregnancy and postpartum, following the same pattern 380 

as observed in LPV. The participants receiving an increased dose had similar exposure to 381 

RTV during pregnancy and postpartum, and the standard dose resulted in lower exposure 382 

during pregnancy than postpartum.  383 

The minimum RTV concentrations in adherent participants were similar to those 384 

reported by previously studies (19, 20, 22, 24, 44). These results demonstrate that the RTV 385 

exposure of pregnant women receiving a standard dose of LPV/r is similar to that of non-386 

pregnant adults and most likely not responsible for the decreased LPV exposure during 387 

pregnancy.  388 

The LPV/r efficacy of the standard dose in our study, as determined by the proportion 389 

of participants presenting an undetectable viral load after 12 weeks of treatment, was similar 390 

to the efficacy of the increased dose, as all adherent participants achieved HIV RNA values 391 

lower than 50 copies/mL within this period. Similarly, in other studies of LPV/r 392 

pharmacokinetics in pregnant women, an undetectable viral load in the third trimester was 393 



observed in 89% (24), 95% (22), 96% (23) and 100% (20) of participants receiving a 394 

standard dose and in 86% of participants receiving an increased LPV/r dose (19). In these 395 

studies, participants with a detectable viral load had HIV RNA values below 400 copies/mL, 396 

indicating that the use of an LPV/r standard dose during pregnancy is associated with a low-397 

risk of resistance mutation selection, despite the lower exposure to PI.  398 

The efficacy of the LPV/r standard dose in preventing HIV MTCT was also 399 

evaluated. The data from our study was comparable to other reported results (21, 22, 24, 33); 400 

none of the babies evaluated (49/54) was infected.  401 

The treatments safety evaluation indicated that LPV/r standard and increased dose 402 

appeared well tolerated and safe, and no treatment discontinuation was necessary in either 403 

treatment group. The incidence of adverse events with LPV/r in our study was low and 404 

appeared to be similar among study arms, although the incidence of gastrointestinal adverse 405 

effects may be related to LPV/r (44).  However it was not possible to accurately evaluate the 406 

relationship between adverse events related to LPV/r and LPV/r dosing, due to the reduced 407 

frequencies of these events.  408 

In our study, the maternal blood level of LPV measured in the standard dose group 409 

(3.5 µg/mL) was lower than the value reported by Else and colleagues (24) for 6 cases (4.5 410 

µg/mL), but the values we reported were similar to the ones reported in this same study for 411 

LPV cord blood levels (0.6 µg/mL) and RTV maternal and cord blood levels (0.32 and 0.31 412 

µg/mL), although the time from the last LPV/r dose to delivery was longer in our study than 413 

in the previously cited (8.6 and 3.7 hours, respectively). In an evaluation of 26 pregnant 414 

women who received the LPV/r increased dose at the third trimester, the LPV levels in the 415 

maternal and cord blood were 5.2 µg/mL and 1 µg/mL, respectively (19). These findings 416 

suggest that the increased LPV/r dose did not provide a significantly higher exposure or 417 

increased probability of toxicity, nor was there an additive effect on PMTCT. Furthermore, 418 



the LPV cord blood and maternal ratios (C:M) were similar to the values published in recent 419 

trials, with C:M values of 0.17 (24) and 0.20 (19), indicating that increased doses of LPV do 420 

not result in greater placental transfer of LPV or RTV.  421 

In conclusion, a standard dose of LPV/r yielded appropriate exposure for wild-type 422 

virus in the second and third trimesters of pregnancy in cART-adherent participants; 423 

however, the Cmin and AUC values were lower than both the mean postpartum and non-424 

pregnant adult values. The exposure associated with the standard LPV/r dose was insufficient 425 

to achieve the target levels necessary for HIV with PI-resistance mutations. Although the 426 

clinical significance of this result is unclear, an increased dose during pregnancy may be 427 

considered for HIV-infected pregnant women who harbor resistance mutations.  428 

429 



REFERENCES 430 

1. UNAIDS. 2011. Global report: UNAIDS Report on the Global AIDS Epidemic 2010. 431 

World Health Organization, Geneva, Switzerland. 432 

2. Connor EM, Sperling RS, Gelber R, Kiselev P, Scott G, O'Sullivan MJ, VanDyke 433 

R, Bey M, Shearer W, Jacobson RL, Jimenez E, O'Neill E, Bazin B, Delfraissy J-F, 434 

Culnane M, Coombs R, Elkins M, Moye J, Stratton P, Balsley J; Pediatric AIDS 435 

Clinical Trials Group Protocol 076 Study Group. 1994. Reduction of maternal-infant 436 

transmission of Human Immunodeficiency Virus type 1 with zidovudine treatment. N 437 

Engl. J. Med. 331(18):1173-1180. 438 

3. Shapiro D, Tuomala R, Pollack H, Burchett S, Read J, Cababasay M, McNamara 439 

J, Ciupak G. 2004. Mother-to-child HIV transmission risk according to antiretroviral 440 

therapy, mode of delivery and viral load in 2895 US women (PACTG 367), abstract 99. 441 

Oral Pres. 11th Conference on Retroviruses and Opportunistic Infections, San 442 

Francisco, CA. 443 

4. Sturt AS, Dokubo EK, Sint TT. 2010. Antiretroviral therapy (ART) for treating HIV 444 

infection in ART-eligible pregnant women. Cochrane Database Syst. Rev. 3:CD008440. 445 

5. Buxton ILO. 2007. Farmacocinética e farmacodinâmica, p.1-20. In Brunton LL, 446 

Chabner BA, Knollmann BC (ed), As Bases Farmacológicas da Terapêutica de 447 

Goodman & Gilman, 11th ed.Mc-Graw-Hill Ineramericana do Brasil Ltda, Rio de 448 

Janeiro, Brazil. 449 

6. Ofotokun I, Chuck SK, Hitti JE. 2007. Antiretroviral pharmacokinetic profile: a 450 

review of sex differences. Gend. Med. 4(2):106-119. 451 

7. Nicastri E, Leone S, Angeletti C, Palmisano L, Sarmati L, Chiesi A, Geraci A, 452 

Vella S, Narciso P, Corpolongo A, Andreoni M. 2007. Sex issues in HIV-1-infected 453 



persons during highly active antiretroviral therapy: a systematic review. J. Antimicrob. 454 

Chemother. 60(4):724-732. 455 

8. Floridia M, Giuliano M, Palmisano L, Vella S. 2008. Gender differences in the 456 

treatment of HIV infection. Pharmacol. Res. 58(3-4):173-182. 457 

9. Koren G. 2011. Pharmacokinetics in pregnancy; clinical significance. J. Popul. Ther. 458 

Clin. Pharmacol. 18(3):e523-e527. 459 

10. Burger D, Siebers M, Hugen PW, Aarnoutse RE, Hekster YA, Koopmans PP. 460 

2002. Pharmacokinetic variability caused by gender: do women have higher indinavir 461 

exposure than men? J. Acquir. Immune Defic. Synd. 29(1):101-102. 462 

11. Fletcher CV, Jiang H, Brundage RC, Acosta EP, Haubrich R, Katzenstein D, 463 

Gulick RM. 2004. Sex-based differences in saquinavir pharmacology and virologic 464 

response in AIDS Clinical Trials Group 359. J. Infect. Dis. 189(7):1176-1184. 465 

12. Van der Leur MR, Burger DM, La Porte CJ, Koopmans PP. 2006. A retrospective 466 

TDM database analysis of interpatient variability in the pharmacokinetics of Lopinavir 467 

in HIV-infected adults. Ther. Drug. Monit. 28(5):650-653. 468 

13. Mirochnick M, Capparelli E. 2004. Pharmacokinetics of antiretrovirals in pregnant 469 

woman. Clin. Pharmacokinet. 43(15):1071-1087. 470 

14. de Ruiter A, Mercey D, Anderson J, Chakraborty R, Clayden P, Foster G, Gilling-471 

Smith C, Hawkins D, Low-Beer N, Lyall H, O'Shea S, Penn Z, Short J, Smith R, 472 

Sonecha S, Tookey P, Wood C, Taylor G. 2008. British HIV Association and 473 

Children's HIV Association guidelines for the management of HIV infection in 474 

pregnant women 2008. HIV Med. 9(7):452-502. 475 

15. Baroncelli S, Tamburrini E, Ravizza M, Dalzero S, Tibaldi C, Ferrazzi E, Anzidei 476 

G, Fiscon M, Alberico S, Martinelli P, Placido G, Guaraldi G, Pinnetti C, Floridia 477 

M; Italian Group on Surveillance on Antiretroviral Treatment in Pregnancy. 2009. 478 



Antiretroviral treatment in pregnancy: a six-year perspective on recent trends in 479 

prescription patterns, viral load suppression, and pregnancy outcomes. AIDS Patient 480 

Care STDS 23(7):513-520. 481 

16. Ministério da Saúde, Departamento de DST, Aids e Hepatites Virais. 2010. Guia de 482 

Tratamento: Recomendações para Profilaxia da Transmissão Vertical do HIV e Terapia 483 

Antirretroviral em Gestantes. Série Manuais, 46. Brasília, Brazil. In: 484 

http://www.aidstar-one.com/sites/default/files/Brazil_PMTCT_2010_tagged_0.pdf (20 485 

February 2012, date last accessed). 486 

17. Panel on Treatment of HIV-Infected Pregnant Women and Prevention of 487 

Perinatal Transmission. Recommendations for Use of Antiretroviral Drugs in 488 

Pregnant HIV-1-Infected Women or Maternal Health and Interventions to Reduce 489 

Perinatal HIV Transmission in the United States. Washington D.C. In: 490 

http://aidsinfo.nih.gov/contentfiles/PerinatalGL.pdf (20 February 2012, date last 491 

accessed). 492 

18. Khuong-Josses MA, Azerad D, Boussaïri A, Ekoukou D. 2007. Comparison of 493 

lopinavir level between the two formulations (soft-gel capsule and tablet) in HIV-494 

infected pregnant women. HIV Clin. Trials 8(4):254-255. 495 

19. Best BM, Stek AM, Mirochnik M, Hu C, Li H, Burchett SK, Rossi SS, Smith E, 496 

Read JS, Capparelli EV; International Maternal Pediatric Adolescent AIDS 497 

Clinical Trials Group 1026s Study Team. 2010. Lopinavir tablet pharmacokinetics 498 

with an increased dose during pregnancy. J. Acquir. Immune Defic. Syndr. 54(4):381-499 

388. 500 

20. Cressey TR, Jourdain G, Rawangban B, Varadisai S, Kongpanichkul R, 501 

Sabsanong P, Yuthavisuthi P, Chirayus S, Ngo-Giang-Huong N, Voramongkol N, 502 

Pattarakulwanich S, Lallemant M; PHPT-5 Team. 2010. Pharmacokinetics and 503 



virologic response of zidovudine/ lopinavir/ ritonavir initiated during the third trimester 504 

of pregnancy. AIDS 24(14):2193-2200. 505 

21. Lambert JS, Else LJ, Jackson V, Breiden J, Gibbons S, Dickinson L, Back DJ, 506 

Brennan M, Connor EO, Boyle N, Fleming C, Coulter-Smith S, Khoo SH. 2011. 507 

Therapeutic drug monitoring of lopinavir/ritonavir in pregnancy. HIV Med. 12(13):166-508 

173. 509 

22. Raumautarsing RA, van der Lugt J, Gorowara M, Kerr SJ, Burger D, 510 

Ruxrungtham K, Phanuphak P, Chaithongwongwatthana S, Avihingsanon A, 511 

Phanuphak N. 2011. Thai HIV-1-infected women do not require a dose increase of 512 

lopinavir/ritonavir during the third trimester of pregnancy. AIDS 25(10):1299-1303. 513 

23. Paterson DL, Swindells S, Mohr J, Brester M, Vergis EN, Squier C, Wagener MM, 514 

Singh N. 2000. Adherence to protease inhibitor therapy and outcomes in patients with 515 

HIV infection. Ann. Intern. Med. 133(1):21-30. 516 

24. Else LJ, Douglas M, Dickinson L, Back DJ, Khoo SH, Taylor GP. 2012. Improved 517 

oral bioavailability of lopinavir in melt-extruded tablet formulation reduces impact of 518 

third trimester on lopinavir plasma concentrations. Antimicrob. Agents Chemother. 519 

56(2):816-824. 520 

25. Division of AIDS table for grading the severity of adult and pediatric adverse events, 521 

version 1.0, December, 2004. Clarification August 2009. In: 522 

http://www.niaid.nih.gov/about/organization/daids/Pages/default.aspx, (14 November 523 

2013, date last accessed). 524 

26. Estrela RC, Ribeiro FS, Seixas BV, Suarez-Kurtz G. 2008. Determination of 525 

lopinavir and ritonavir in blood plasma, seminal plasma, saliva and plasma ultra-filtrate 526 

by liquid chromatography/tandem mass spectrometry detection. Rapid. Commun. Mass. 527 

Spectrom. 22(5):657-664. 528 



27. La Porte CJL, Buck DI, Blaschke  T. 2006. Updated guidelines to perform 529 

therapeutic drug monitoring for antiretroviral agents. Rev. Antiviral. Ther. 3:4-14. 530 

28. Van der Leur MR, Burger DM, La Porte CJ, Koopmans PP. 2006. A retrospective 531 

TDM database analysis of interpatient variability in the pharmacokinetics of Lopinavir 532 

in HIV-infected adults. Ther. Drug. Monit. 28(5):650-653. 533 

29. Murphy RL, Brun S, Hicks C, Eron J, Gullick R, King M, White AC Jr, Benson C, 534 

Thompson M, Kessler HA, Hammer S, Bertz R, Hsu A, Japour A, Sun E. 2001. 535 

ABT-378/ritonavir plus stavudine and lamivudine for the treatment of antiretroviral-536 

naïve adults with HIV-1 infection: 48-weeks results. AIDS 15(1):F1-F9. 537 

30. van der Lugt J, Autar RS, Ubolyam S, Garcia EF, Sankote J, Avihingsanon A, 538 

Chuenyam T, Cooper DA, Lange J, Phanuphak P, Wit F, Ruxrungtham K, Burger 539 

D; HIV-NAT 019 Study Team. 2008. Pharmacokinetics and short-term efficacy of a 540 

double-boosted protease inhibitor regimen in treatment-naive HIV-1-infected adults. J. 541 

Antimicrob. Chemother. 61(5):1145–1153. 542 

31. Nachega JB, Marconi VC, van Zyl GU, Gardner EM, Preiser W, Hong SY, Mills 543 

EJ, Gross R. 2011. HIV treatment adherence, drug resistance, virologic failure: 544 

evolving concepts. Infect. Disord. Drug. Targets 11(2):167-174. 545 

32. Kreitchmann R, Harris DR, Kakehasi F, Haberer JE, Cahn P, Losso M, Teles E, 546 

Pilotto JH, Hofer CB, Read JS; NISDI LILAC Study Team. 2012. Antiretroviral 547 

adherence during pregnancy and postpartum in Latin America. AIDS Patient Care 548 

STDS 26(8):486-495. 549 

33. Patterson KB, Diamond JB, Prince HA et al. 2011. Pharmacokinetics of the LPV/r 550 

tablet in HIV-infected pregnant women: a longitudinal investigation of protein bound 551 

and unbound drug exposure with empiric dosage adjustment, abstract 645. Abstr. 18th 552 

Conference on Retroviruses and Opportunistic Infections, Boston, MA. 553 



34. Stek AM, Mirochnick M, Capparelli E, Best BM, Hu C, Burchett SK, Elgie C, 554 

Holland DT, Smith E, Tuomala R, Cotter A, Read JS. 2006. Reduced lopinavir 555 

exposure during pregnancy. AIDS 20(15):1931-1939. 556 

35. Stöhr W, Back D, Dunn D, Sabin C, Winston A, Gilson R, Pillay D, Hill T, 557 

Ainsworth J, Gazzard B, Leen C, Bansi L, Fisher M, Orkin C, Anderson J, 558 

Johnson M, Easterbrook P, Gibbons S, Khoo S; UK CHIC Steering Committee. 559 

2010. Factors influencing lopinavir and atazanavir plasma concentration. J. Antimicrob. 560 

Chemother. 65(1):129-137. 561 

36. Arab-Alameddine M, Di Iulio J, Buclin T, Rotger M, Lubomirov R, Cavassini M, 562 

Fayet A, Décosterd LA, Eap CB, Biollaz J, Telenti A, Csajka C; Swiss HIV Cohort 563 

Study. 2009. Swiss HIV Cohort Study. Pharmacogenetics-based population 564 

pharmacokinetic analysis of efavirenz in HIV-1-infected individuals. Clin. Pharmacol. 565 

Ther. 85(5):485-494. 566 

37. Roca B. 2008. Pharmacogenomics of antiretrovirals. Recent Pat. Antiinfect. Drug 567 

Discov. 3(2):132-135. 568 

38. Lubomirov R, di Iulio J, Fayet A, Colombo S, Martinez R, Marzolini C, Furrer H, 569 

Vernazza P, Calmy A, Cavassini M, Ledergerber B, Rentsch K, Descombes P, 570 

Buclin T, Decosterd LA, Csajka C, Telenti A; Swiss HIV Cohort Study. 2010. 571 

ADME pharmacogenetics: investigation of the pharmacokinetics of the antiretroviral 572 

agent lopinavir coformulated with ritonavir. Pharmacogenet. Genomics 20(4):217-230. 573 

39. Rakhmanina NY, Neely MN, Van Schaik RH, Gordish-Dressman HA, Williams 574 

KD, Soldin SJ, van den Anker JN. 2011. CYP3A5, ABCB1, and SLCO1B1 575 

polymorphisms and pharmacokinetics and virologic outcome of lopinavir/ritonavir in 576 

HIV-infected children. Ther. Drug Monit. 33(4):417-424. 577 



40. Urban TJ. 2010. Race, ethnicity, ancestry, and pharmacogenetics. Mt. Sinai J. Med. 578 

77(2):133-139. 579 

41. Pena SD, Bastos-Rodrigues L, Pimenta JR, Bydlowski SP. 2009. DNA tests probe 580 

the genomic ancestry of Brazilians. Braz. J. Med. Biol. Res. 42(10):870-876. 581 

42. Bolaffi G. 2003. Dictionary of Race, Ethnicity and Culture. Sage, London, England. 582 

43. Gorowara M, Burger D, Hill A, Ruxrungtham K. 2010. Pharmacokinetics of low-583 

dose protease inhibitors and efavirenz in low- and middle-income countries. Curr. Opin. 584 

HIV AIDS 5(1):90–96. 585 

44. KALETRA. Package Insert. http://www.rxabbott.com/pdf/kaletratabpi.pdf (20 586 

February 2012, date last accessed) 587 

45. Atkinson MJ, Petrozzino JJ. 2009. An evidence-based review of treatment-related 588 

determinants of patients' nonadherence to HIV medications. AIDS Patient Care STDS 589 

23(11):903-914. 590 





Figure 2 – Mean LPV plasma concentration according to LPV/r dose, evaluation timepoint (second and third
trimester of pregnancy and post-delivery) for the cART-adherent population at each PK evaluation moment –
mean (SD).
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Figure 3 – Mean LPV plasma concentration to LPV/r standard and increased doses during third trimester of pregnancy for the 
ART dh l i (SD)cART-adherent population – mean (SD).



Figure 4 – Mean RTV plasma concentration according to LPV/r dose, evaluation timepoint (second and third trimester of pregnancy and
post-delivery) for the cART-adherent population at each PK evaluation moment – mean (SD).



Table 1. Demographic and clinical data for all study participants who participated in at least one pharmacokinetic 

evaluation visit (n = 53)  

 
PV/r standard dosing 

(n = 27) 
LPV/r increased dosing 

(n = 26) 
Total 

(N = 53) 

Age (years); Mean (SD) 27.7 (5.7) 26.6 (5.7) 27.2 (5.7) 

Gestational age (weeks); Mean (SD) 19.5 (5.6) 20.5 (5.7) 20.0 (5.7) 

Weight (kg); Median (IQR) 61.7 (56.1 – 68.9) 58.9 (56.3 – 71.5) 60.1 (56.1– 70.3) 

ARV naïve; n (%) 20 (74) 18 (69) 38 (72) 

Nadir CD4+ T-cells (cells/mm3); Mean (SD) 509 (174) 493 (155) 498 (165) 

CD4+ T-cells (cells/mm3); Mean (SD) 521 (156) 553 (151) 537 (154) 

HIV viral load (log10); Mean (SD) 3.5 (3.5) 3.6 (3.6) 3.6 (3.6) 

Total time under study treatment (weeks); 
Mean (SD) 

21.7 (6.5) 26.6 (5.7) 20.9 (6.8) 



Table 2. Adherence to treatment, weight, gestational age and time between the last dose and the first sample drawn for pharmacokinetic evaluation during the second and third 

trimesters of pregnancy and at postpartum for all patients who participated in at least one pharmacokinetic evaluation visit (n = 53) 

  2th trimester of pregnancy 3th trimester of pregnancy Postpartum 

  
LPV/r standard 

dose 
LPV/r increased 

dose 
LPV/r standard 

dose 
LPV/r increased 

dose 
LPV/r standard 

dose 
LPV/r increased 

dose 

Adherence to treatment; n (%) 20/21 (96) 16/19 (92) 24/25 (97) 20/21 (95) 20/21 (92) 16/20 (90) 

Gestational age or weeks after delivery; Mean 21.7 22.2 31.1 31.2 5.2 4.7 

Weight (kg); Mean 65.7 66.8 68.2 67.9 66.4 64.6 

Time (hours) between last dose and sample 
drawn; Mean  

11.4 11.3 11.0 11.2 11.9 10.9 



Table 3 – Pharmacokinetic parameters of Lopinavir and Ritonavir during the second and third trimesters of pregnancy and at postpartum for the cART-adherent population at 

each PK evaluation moment - mean (standard deviation) 

  2th trimester of pregnancy 3th trimester of pregnancy Postpartum 

  
LPV/r standard 

dose 
(n = 20) 

LPV/r increased 
dose 

(n = 16) 

p-value 
(Wilcoxon)

LPV/r standard 
dose 

(n = 24) 

LPV/r increased 
dose 

(n = 20) 

p-value 
(Wilcoxon) 

LPV/r standard 
dose 

(n = 20) 

LPV/r increased 
dose 

(n = 16) 

p-value 
(Wilcoxon) 

Lopinavir          
Tmax (h)** 3.0 (3.0 – 4.8) 3.5 (3.0 – 5.0) 0.61 4.0 (3.0 – 5.0) 4.0 (4.0 – 5.0) 0.35 4.0 (3.0 – 5.8) 4.0 (3.3 – 5.0) 0.99 
Cmax (µg/mL)  10.8 (2.6) 16.3 (4.0) < 0.001 10.9 (2.5) 15.9 (5.0) < 0.001 14.4 (3.7) 17.2 (4. 5) 0.05 
AUC 0-12hs  
(h*mcg/mL)  

88.4 (25.6) 139.4 (34.8) < 0.001 87.2 (21.1) 130.7 (38.8) < 0.001 122.4 (29.9) 154.0 (44.8) 0.04 

Tmin (h)** 12.0 (8.0 – 12.0) 12.0 (4.3 – 12.0) 0.89 12.0 (12.0 – 12.0) 12.0 (10.0 – 12.0) 0.61 1 (0 – 11.5) 12.0 (0 – 12.0) 0.21 
Cmin (µg/mL)  4.5 (1.9) 8.0 (2.6) < 0.001 4.3 (1.6) 7.0 (3.0) < 0.001 6.1 (2.3) 9.2 (3.7) 0.005 
Clearance (L/h)  4.9 (1.3) 4.6 (1.2) 0.47 4.9 (1.7) 5.0 (1.7) 0.8 3.5 (0.9) 4.2 (1.2) 0.06 
Ritonavir          
Tmax (h)** 4.0 (4.0 – 4.8) 4.0 (4.0 – 5.0) 0.81 4.0 (4.0 – 5.0) 4.0 (4.0 – 5.0) 0.81 4.0 (3.0 – 5.0) 4.0 (3.3 – 5.0) 0.73 
Cmax (ng/mL)  873.4 (400.7) 1704.8 (760.2) 0.001 842.6 (383.1) 1762.0 (1095.1) < 0.001 1419.0 (519.8) 1737.3 (1108.2) 0.85 
AUC 0-12hs  
(h*ng/mL)  

4127.9 (1541.3) 8495.7 (3619.6) < 0.001 4326.9 (1359.9) 7810.2 (4145.5) 0.002 7264.0 (2545.4) 9441.1 (5274.4) 0.40 

Tmin (h)** 12.0 (12.0 – 12.0) 12.0 (12.0 – 12.0) 0.48 12.0 (12.0 – 12.0) 12.0 (12.0 – 12.0) 0.86 10.0 (1.0 – 12.0) 12.0 (12.0 – 12.0) 0.02 
Cmin (ng/mL)  90.2 (47.5) 205.8 (139.6) 0.003 106.4 (45.4) 182.5 (118.4) 0.05 190.2 (101.2) 241.3 (101.3) 0.15 
Clearance (L/h)  29.0 (15.5) 21.8 (12.0) 0.05 27.4 (17.2) 25.4 (14.3) 0.65 15.7 (6.3) 20.2 (9.1) 0.12 

*Pharmacokinetic parameters of Lopinavir and Ritonavir of volunteers with adherence to treatment - media (standard deviation) 

**Median (interquartile range) 

 



Table 4. Clinical adverse events occurring in all patients who participated in at least one pharmacokinetic 
evaluation visit (n = 53) 

Events 
LPV/r standard dosing (n = 

27) 
LPV/r increased dosing (n = 26) 

 
Total (%) 

Related to 
LPV/r - n 

(%) 
Total (%) 

Related to 
LPV/r - n (%) 

Headache  (grade 1) 2 (7.4%) 0  4 (15.4%) 1 (3.9%) 

Abdominal pain (grade 1 and grade 2) 
1 (3.7%) 

and 3 
(11.1%) 

0 and        
1 (3.7%) 

2 (7.7%) and   
2 (7.7%) 

0 and        
2 (7.7%) 

Diarrhea (grade 1 and grade 2) 
6 (22.2%) 

and 1 
(3.7%) 

6 (22.2%) 
and 1 (3.7%)

3 (11.5%) and 
1 (3.9%) 

3 (11.5%) and 
1 (3.9%) 

Nausea (grade 1 and grade 2) 
1 (3.7%) 

and 1 
(3.7%) 

1 (3.7%) and 
1 (3.7%) 

6 (23.1%) and 
3 (11.5%) 

6 (23.1%) and 
3 (11.5%) 

Vomiting (grade 1) 6 (22.2%) 6 (22.2%) 3 (11.5%) 3 (11.5%) 
Bronchitis (grade 2) 1 (3.7%) 0 0 0 
Vaginal candidiasis (grade 1) 1 (3.7%) 0 2 (7.7%) 0 
Backache (grade 1) 1 (3.7%) 0 2 (7.7%) 0 
Extremity edema (grade 2) 1 (3.7%) 0  0 0 
Scabies (grade 1) 1 (3.7%) 0 1 (3.9%) 0 
Genital herpes (grade 1) 1 (3.7%) 0 0 0 
Wound infection (grade 3) 0 0 1 (3.9%) 0 
Urinary tract infection (grade 2) 2 (7.4%) 0 3 (11.5%) 0 
Upper respiratory tract infection (grade 
1) 

4 (14.8%) 0 2 (7.7%) 
0 

Superficial mycoses (grade 1) 1 (3.7%) 0 2 (7.7%) 0 
Myositis associated with pyelonephritis 
(grade 3) 

1 (3.7%) 0 0 
0 

Otitis (grade 1) 2 (7.4%) 0 1 (3.9%) 0 
Worsening of hypertension (grade 5) 1 (3.7%) 0 0 0 
Vaginal bleeding– placenta previa 
(grade 2) 

0 0 1 (3.9%) 
0 

Sinusitis (grade 2)  1 (3.7%) 0 2 (7.7%) 0 
Total 39 16 41  19 



Table 5. Laboratorial adverse events occurring in all patients who participated in at least one 
pharmacokinetic evaluation visit (n = 53) 
 
Events 

 
Grade LPV/r standard dosing  

(n = 27) 
LPV/r increased dosing  

(n = 26) 

Anemia 1 4 (14.9%) 3 (11.5%) 

Increased ALT / AST 1 1 (3.7%) 0 

Increased total cholesterol* 1 3 (11.1%) 4 (15.4%) 

2 2 (7.4%) 2 (7.7%) 

Increased LDL* 1 3 (11.1%) 4 (15.4%) 

2 2 (7.4%) 2 (7.7%) 

Increased triglycerides* 1 1 (3.7%) 2 (7.7%) 

2 2 (7.4%) 1 (3.9%) 

Any abnormal result in urinalysis - 7 (25.9%) 5 (19.2%) 



Table 6: Minimum and predose concentrations of LPV (400/100 mg BID) and comparison with published 

data. 

Reference Weight (Kg) 
Cmin (µg/mL) Cpd (µg/mL) 

2nd 
trimester 

3rd 
trimester 

Postpartum 
2nd 

trimester 
3rd 

trimester 
Postpartum 

Present study 61.8-69.4 4.5 4.3 6.1 6.1 6.0 8.0 
Khuong-Josses et al 
(2007) (18) 

- - - - - 4.6 - 

Lambert et al (2011) (21) 88 (49-103)* - - - 3.5 3.3 5.1 
Raumautarsing et al 
(2011) (22) 

54.9/60.1/ 
56.3** 

2.4 3.2 4.7 - - - 

Else et al (2012) (24) 77 (55-116)* 4.6 2.5 4.7 5.7 3.7 6.1 
Patterson et al (2011) 
(33) 

- 5.2 4.0 7.2 - - - 

*values are given as median (range). 

** at 2nd and 3rd trimester and postpartum.   

 


