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Abstract

Background—Failure rates of second-line boosted protease inhibitor antiretroviral therapy 

regimens in children rise over time. Therapeutic drug monitoring (TDM) can contribute to 

assessments of adherence. The authors assessed the performance characteristics of the US DHHS-

recommended lopinavir (LPV) concentration of 1.0 mg/L for predicting virologic failure (VF) and 

intermediate-to-high level LPV resistance in Asian children.

Materials and Methods—LPV concentration, HIV RNA level, and adherence data from study 

participants in Indonesia, Thailand, and Vietnam receiving second-line LPV-based ART and 

followed for ≥24 weeks were analyzed.

Results—A total of 223 children at a median age of 10.4 (interquartile range, IQR 7.9–13.4) 

years were enrolled, 61% were male. Their mean CD4 was 842±438 cells/mm3, and the median 

LPV duration was 2.5 (IQR 1.3–4.2) years. Five out of 84 (6%) and 18 out of 139 (13%) children 

had LPV trough and random concentrations <1.0 mg/L at study week 24. Using either of these 

trough or random LPV concentrations, a cutoff at 1.0 mg/L gave an area under the receiver 

operating characteristics (AROC) curve of 0.69 in predicting VF with sensitivity of 44% (95% CI 

23–66) and specificity of 94% (95% CI 89–97). Seven of 21 with VF and resistance results 
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available had ≥1 major protease inhibitor mutation. Multivariate logistic regression found LPV 

concentrations <1.0 mg/L (OR 6.47; 95% CI 2.15–19.50, P = 0.001) and CD4 ≤20% (OR 2.83; 

95% CI 1.01–7.89, P = 0.05) were independently associated with HIV RNA >1000 copies/mL. No 

factors predicted major LPV resistance mutations.

Conclusions—The authors support that the DHHS target LPV concentration of <1.0 mg/L is 

predictive of virologic failure (VF), but not of the presence of major LPV mutations.
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Introduction

The number of HIV-infected children engaging in HIV care and treatment has been 

increasing worldwide. An earlier survey performed by the TREAT Asia Pediatric Network in 

six Asian countries reported that 20% of children who commenced antiretroviral treatment 

(ART) had failed first-line regimens and were on their second ART regimens, using mostly 

protease inhibitors (PI) [1]. Data from Thailand have suggested that the effectiveness of 

second-line PI regimens in children was 74–77% by 24 months of treatment [2,3]. The 

increasing failure rate of second-line boosted PI regimens over time raises questions about 

the need for more aggressive treatment monitoring. Known risk factors for ART failure 

include high baseline viral load, low baseline CD4 cell count, inadequate drug 

concentrations, and non-adherence [4,5]. There is no single standard method to measure 

treatment adherence. In this context, therapeutic drug monitoring (TDM) may contribute to 

adherence assessments and inform decisions on when to conduct resistance testing. 

According to the US Department of Health and Human Services (DHHS) guidelines (Last 

updated Mar 1, 2016), the suggested minimum target trough concentration of lopinavir 

(LPV) in patients with drug-susceptible HIV virus is 1 mcg/mL [6]. A study among adults in 

South Africa supported that a LPV plasma level of 1 mcg/mL was the appropriate threshold 

concentration that maximized the sensitivity and specificity for predicting virologic failure 

[7].

The primary objective of this study was to explore whether this recommendation was 

applicable to children and adolescents receiving LPV as part of second-line ART in an Asian 

cohort. The secondary objective was to determine whether TDM of LPV would be useful as 

a proxy for adherence and/or justification for genotypic resistance testing in this population.

Materials and methods

The TREAT Asia Studies to Evaluate Resistance in Pediatrics study (TASER-P; 

ClinicalTrials.gov Identifier: NCT01788891) is a longitudinal observational cohort study to 

monitor Asian children and adolescents for treatment failure while on second-line 

antiretroviral treatment (ART). The study was approved by the institutional review boards at 

all sites. All patients and their caregivers provided written informed consent and assent 

before taking part in this study. Patients were enrolled either at the time of switching to or 

after they had already switched to a second-line ART regimen due to first-line failure. 
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Clinical and laboratory data were captured during follow-up visits at enrollment and weeks 

24, 48, 72, 96, and 120 after enrollment. Plasma samples were collected at each visit for 

HIV RNA levels, and a stored sample would be sent for genotyping when a patient had HIV 

RNA ≥1,000 copies/mL. Plasma TDM of antiretroviral drugs was performed at week 24 in 

all patients with the aim to determine its correlation with HIV RNA levels, which were 

analysed at the same time point for all study participants. At other visits, the patient was 

called back for blood sampling for TDM whenever the HIV RNA was ≥1,000 copies/mL. 

For all TDM samples, blood collection was advised to be carried out within 30 minutes 

before the next ART dose in order to obtain a trough concentration. The actual time since the 

last dose to the time of blood draw was recorded. After collection, blood samples were 

mixed and sent to the laboratory within 6 hours in lithium heparin tubes. Blood samples 

were centrifuged at 1800 g for 10 minutes at 20°C. Plasma was divided and transferred to 

labeled polypropylene tubes and stored at −20°C until shipping to the HIV-NAT Research 

Laboratory. This lab participates in an international inter-laboratory quality control program 

for therapeutic drug monitoring in HIV infection (KKGT) for external quality control [8]. 

Plasma concentrations of LPV were determined by a validated high-performance liquid 

chromatography (HPLC) assay with ultraviolet detection, and a lower limit of quantification 

of 0.105 mg/L.

Adherence assessments were done at each study visit using the following methods: the 

World Health Organization’s (WHO) visual analogue scale (VAS) for adherence, 

questionnaires including 3-day recall, and pill count. Adherence counseling was provided at 

every visit. Study participants in Indonesia, Thailand, and Vietnam receiving second-line 

LPV-based ART and followed for ≥24 weeks after study enrollment were included in the 

analysis. For this study, virologic failure (VF) was defined as having HIV RNA >1,000 

copies/mL to get enough cases with VF for conducting the analysis. Mutations were 

interpreted using the Stanford University HIV Drug Resistance Database; clinically 

significant major PI-resistance mutations associated with either high- or low-level resistance 

were assessed. All LPV concentrations from samples collected at week 24 were used to plot 

receiver operating characteristics (ROC) curves for VF. Sensitivity, specificity, positive and 

negative predictive values (PPV and NPV), and area under the ROC (AROC) as a measure 

of correctly predicting outcomes (VF) were calculated. Multiple logistic regression was used 

to determine associations with occurrence of VF. Covariates with P <0.1 were adjusted for in 

a multivariate model and statistical significance was identified using a two-sided P value of 

0.05. Data were analyzed using Stata 13.1 (StataCorp., College Station, TX, USA) and SAS 

9.3 (SAS Institute, Inc., Cary, NC, USA).

Results

A total of 223 children and adolescents were included; 219 (98%) were perinatally HIV-

infected (Table 1). Forty-four percent had WHO stage 3–4 disease at the time of second-line 

ART initiation. The median (IQR) duration on LPV at the start of the study was 2.9 years 

(1.6–4.2). There were three children enrolled at the time of switching to LPV; the other 220 

(99%) had been on LPV prior to entry. At enrollment 12 children had HIV RNA >1000 

copies/mL, including 10 who were on LPV and two who were just switched to LPV. At the 

time of this analysis, corresponding to week 24 after TASER-P enrollment, ≥95% treatment 
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adherence was reported by VAS in 200/223 (90%) and by pill count in 192/223 (86%) study 

participants. The median (IQR) LPV daily dose used was 19.3 mg/kg (16.2–22.6). All 

except the 4 samples collected more than 16 hours post dose were included in the analysis; 

the median (IQR) time after the last dose was 13.2 (12.6–14.2) hours. There were 84 

samples collected within 12±0.5 hours post dose; the median (IQR) time after the last dose 

was 12 (11.8–12.2) hours. The median LPV concentrations were 16.0 (14.8–20.5) and 19.5 

(16.4–22.9) mg/L among those who received LPV prior to and those who were switched at 

TASER-P enrollment, respectively.

During the course of the study, 37 children had HIV RNA >1000 copies/mL, which met the 

definition of VF in this analysis. Twenty-three children met the criterion for VF at week 24; 

five (22%) had adherence <95% by both pill count and VAS, four (17%) reported missed 

doses at that study visit, and four (17%) reported taking medication more than one hour later 

than the set time in the previous three months. Of these, 21(91%) had at least one 

documented HIV RNA >1000 copies/mL after switching to LPV-including regimens before 

TASER-P enrollment. Five out of 84 children with LPV concentrations from specimens 

collected within 12±0.5 hours post dose LPV concentrations available at week 24 had VF. A 

threshold of 1.0 mg/L had a sensitivity of 66.7% (95% CI, CI 9.4–99.2), specificity of 96.3% 

(95% CI 89.6–99.2), and an AROC of 0.82 (95% CI 0.49–1.00) for detecting VF (Table 2a). 

When including LPV concentrations from specimens collected within 16 hours post dose to 

predict virologic failure at week 24, a threshold of 1.0 mg/L had a sensitivity of 43.5% (95% 

CI 23.2–65.5), specificity of 93.5% (95% CI 89.1–96.5), and an AROC of 0.69 (95%CI 

0.58–0.79) for detecting VF (Table 2b). There were 14 other children who developed VF 

after study week 24. Using LPV concentrations from specimens collected within 16 hours 

post dose to predict virologic failure at week 24 or later on, a cutoff at 1.0 mg/L gave an 

AROC curve of 0.71 (95% CI 0.62–0.81) in predicting VF with sensitivity of 53.6% (95% 

CI 33.9–72.5) and specificity of 89.3% (95% CI 84.2–93.2) (Table 2c).

Twenty-one of 23 participants with HIV RNA >1000 copies/mL at week 24 of the study had 

resistance results available. Of these, seven (33%) had major PI mutations (I54V, M46I, 

V82A or S, N88S, L76V, L90M); their duration on LPV ranged from 1.7 to 5.3 years. The 

two with LPV concentrations <1.0 mg/L had low-level resistance, while the other five with 

LPV concentrations >1.0 mg/L had intermediate to high-level resistance. Two of seven 

reported missed doses in the last three days; one child reported adherence on VAS of 96% 

while the others reported 100% adherence, and pill count revealed 100% adherence for all 

seven.

After study week 24, the 14 additional children (7%) who developed VF had been on LPV 

between 0.8 and 5.8 years before HIV RNA >1000 copies/mL was detected. Two of 14 

(14%) had major PI mutations (M46LM, V82A); both had LPV >1.0 mg/L. Five of 14 

(35%) children with VF had LPV plasma concentrations below the 1.0 mg/L cutoff. All five 

reported no missing doses in the three days prior to the clinic visit, and the genotypic 

resistance results showed susceptibility to LPV. Pill count revealed 100% adherence in two, 

≤90% adherence in two, and was not available in the remaining participants.
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Univariate analysis showed that three factors had an association with HIV RNA >1000 

copies/mL. These were LPV concentrations <1.0 mg/L, CD4 <20% at second-line switch, 

and any missed dose within three days before the HIV-RNA measurement. Age,duration on 

LPV, WHO staging, and adherence assessment by pill count or VAS were not associated 

with HIV RNA >1000 copies/mL. In a multivariate model, after adjusting for any reported 

missed doses within the previous three days, LPV concentrations <1.0 mg/L (OR 6.47; 95% 

CI 2.15–19.50, P = 0.001) and CD4 ≤20% (OR 2.83; 95% CI 1.01–7.89, P = 0.05) were 

independently associated with HIV RNA >1000 copies/mL. No factors predicted the 

presence of major LPV resistance mutations.

Discussion

In this study population, an LPV concentration cutoff of 1.0 mg/L had a sensitivity of 44% 

and specificity of 94% in predicting VF with a cutoff of >1000 copies/mL. Low LPV 

concentrations were associated with VF, but not with the presence of major PI mutations.

The relationship between LPV concentrations and virologic failure was previously described 

in an adult study from South Africa [7]. They reported that among 37 of 93 patients on 

second-line ART containing boosted LPV, all of those who had virologic failure (HIV RNA 

level >1,000 copies/mL) had low LPV exposure either in plasma or hair samples, while only 

two of them had major PI mutations. The NPV, or the probability that those with LPV 

plasma concentration >1.0 mg/L did not have virologic failure in their study was 86%. In 

this analysis, the sensitivity and specificity of using LPV concentration cutoff at 1.0 mg/L 

for detecting VF were 66.7 and 96.3%, respectively. This means that by using this cutoff, we 

would be able to identify 67 out of 100 patients who had VF; and 96 out of 100 patients who 

had no VF.

Our findings are also consistent with a pediatric study in South Africa where HIV-infected 

children aged between 4 and 42 months initiated on LPV-based regimens were followed up 

to 52 weeks. They observed that with LPV concentrations <1.0 mg/L, the hazard ratio for 

having HIV RNA >400 copies/mL was 2.3 times higher when compared to LPV 

concentrations ≥1.0 mg/L [9]. In our study, we found that the odds of having HIV RNA 

>1000 copies/mL among those with plasma LPV concentrations <1.0 mg/L was 6.47 times 

when compared to those with plasma LPV concentrations ≥1.0 mg/L. Thus, our findings 

support the use of the DHHS target trough concentration of LPV for Asian children. 

Together with other adherence measurements, TDM may be added in certain cases with 

unexpected suboptimal treatment response to determine whether drug exposure is adequate.

Only 22% of children with low LPV concentrations reported decreased adherence to 

medication either by pill count or self-report. Some reported missing doses in the past three 

months prior to the study visit when the LPV level was obtained. Self-reported adherence is 

a simple and convenient measure, but may be subject to how it is assessed. Our finding was 

similar to the US report from a study in HIV-infected adults, where investigators found that 

random PI concentrations were independently predictive of virologic response, while 27% of 

patients on unboosted single PI regimens had undetectable PI concentrations [10]. In that 

study, the self-reported adherence rates were as high as 91% [10]. TDM may be useful in 

Aurpibul et al. Page 5

Ther Drug Monit. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



such cases where there are discrepancies between self-report and/or pill count adherence 

assessments and immunologic and/or virologic outcomes.

We found no individual factor associated with the presence of major LPV resistance 

mutations. This might be explained by the potency and higher resistance barriers of PIs, or 

the lack of drug pressure due to very poor or non-adherence. This shows that additional 

interventions, such as intensive adherence counseling, can successfully result in 

resuppression and ongoing regimen potency. Further study is needed to assess whether these 

low LPV concentrations persist even with better adherence; in which case other 

pharmacokinetic and pharmacodynamics factors may be playing a role.

Our study has a number of limitations, including low incidence of VF. In addition, not all 

TDM samples were collected at the same time point, and because of timing of doses and 

travelling times to clinic, some samples were collected >12 hours after the previous dose 

was taken. Nevertheless, by including all these children, the precision of the 95% CI around 

the AROC was improved, and the estimates were significantly better than would be expected 

by chance. We also defined VF with a single HIV RNA >1000 copies/mL, as our focus was 

on identifying those at greatest risk of failure and not specifically to follow criteria for 

switch. However, our data do support that the DHHS target LPV concentration of <1.0 mg/L 

is predictive of non-suppression, but not of the presence of major LPV mutations. The study 

highlights the challenges in reliably assessing adherence in children and adolescents.
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Table 1

Characteristics of study participants (n = 223)

Characteristics
At initiation of an 

LPV-based 
regimen

At the time of 
TASER-P study 

enrollment

Children with 
virologic failure at 

any time after study 
entrya

Children with LPV 
concentration <1.0 

mg/L (either trough 
or random)

Number of patients 223 223 37 15

Age in years, median (IQR) 7.4 (5.2–10.14) 10.4 (7.9–13.4) 11.3 (7.9–14.5) 10.3 (4.2–13.9)

Male sex, n (%) 136 (61) 23 (62) 11 (73)

Country, n (%)

 Thailand 90 (40) 14 (38) 9 (60)

 Vietnam 112 (50) 20 (54) 5 (33)

 Indonesia 21 (9) 3 (8) 1 (7)

WHO clinical staging, n (%)b

 1–2 100 (45) 20 (54) 7 (47)

 3–4 99 (44) 15 (41) 7 (47)

CD4 lymphocyte count, cells/mm3 n (%) 190 (85) 194 (87) 34 (92) 14 (93)

 Median (IQR) 293 (146–596) 759 (569–1066) 583 (415–763) 482 (410–625)

CD4 lymphocyte percentage, n (%) 175 (79) 172 (77) 31 (84) 14 (93)

 Median (IQR) 13 (7– 20) 25 (19–31) 20 (12–24) 16 (12–20)

Log10 HIV RNA level, copies/mL, n (%) 169 (76) 223 (100) 37 (100) 15 (100)

 Median (IQR) 5.0 (4.3–5.6) 2.4 (1.6–2.5) 4.4 (3.7–4.9) 4.9 (4.7–5.3)

Duration on LPV, years

 Median (IQR) 2.5 (1.3–4.1) 2.9 (1.5–4.4) 1.6 (0.8–2.6)

 6–<24 months 48 (22) 6 (16) 6 (40)

 ≥24 months 175 (78) 31 (84) 9 (60)

LPV dose (mg/kg)

 Median (IQR) 19.4 (16.2–22.6) 21.1 (16.3–24.2) 17.1 (14.9–24.6)

 BW <20 kg 22.1 (18.9–24.6) 24.2 (21.3–26.7) 24.6 (21.3–26.7)

 BW 20–30 kg 19.5 (17.2–22.9) 22.2 (18.9–23.3) 18.9 (15.3–38.1)

 BW >30 kg 17.3 (13.8–20.8) 16.2 (14.2–20.7) 16.1 (14.7–17.1)

LPV concentration (mg/L)

 Median (IQR) 6.9 (4.0–9.7) 6.5 (0.1–12.5) 0.1 (0.1–0.1)

Body surface area (m2), n (%) 222 (99.6) 37 (100) 15 (100)

 Median (IQR) 1 (0.8–1.22) 1 (0.8–1.2) 0.9 (0.6–1.3)

Adherence assessment, n (%)

 Pill count ≥95% 192 (86) 29 (83) 11 (79)

 VAS report ≥95% 200 (90) 30 (86) 10 (77)

a
For this study virologic failure (VF) was defined as having HIV RNA >1,000 copies/mL

b
Some unknown or missing data.

WHO World Health Organization; IQR Interquartile range; BW body weight; mg milligrams; kg kilograms; VL viral load; lopinavir; VAS Visual 
analogue scale.
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Table 2

Performance characteristics of LPV TDM in predicting virologic failurea, based on LPV concentrations 

recommended in the US DHHS guidelinesb

LPV concentration ≥1 mg/L <1 mg/L Total

a. Using LPV concentrations from specimens collected within 12±0.5 hours post dose

 No virologic failure 78 1 79

 Virologic failure 3 2 5

 Total 81 3 84

  Sensitivity (95% CI) 66.7% (9.4%–99.2%)

  Specificity (95% CI) 96.3% (89.6%–99.2%)

  ROC area 0.82 (0.49–1.00)

b. Using LPV concentrations from specimens collected within 16 hours post dose to predict virologic failure at week 24.

 No virologic failure 183 13 196

 Virologic failure 13 10 23

 Total 196 23 219

  Sensitivity (95% CI) 43.5% (23.2%–65.5%)

  Specificity (95% CI) 93.5% (89.1%–96.5%)

  ROC area 0.69 (0.58–0.79)

c. Using LPV concentrations from specimens collected within 16 hours post dose to predict virologic failure at week 24 or subsequent visits.

 No virologic failure 183 22 205

 Virologic failure 13 15 28

 Total 196 37 233

  Sensitivity (95% CI) 53.6% (33.9%–72.5%)

  Specificity (95% CI) 89.3% (84.2%–93.2%)

  ROC area 0.71 (0.62–0.81)

a
For this study virologic failure (VF) was defined as having HIV RNA >1,000 copies/mL.

b
Panel on Antiretroviral Therapy and Medical Management of HIV-Infected Children. Guidelines for the Use of Antiretroviral Agents in Pediatric 

HIV Infection. Available at http://aidsinfo.nih.gov/contentfiles/lvguidelines/pediatricguidelines.pdf. Accessed Apr 25, 2016 [Table 17, page 64].

LPV lopinavir; TDM therapeutic drug monitoring; CI confidence interval; ROC Receiver operating characteristic
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