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Abstracts 

Background: Lopinavir/rltonavir (LPV/r) Is the most commonly used protease Inhibitor in HIV­

infected children. Data showed high blood level of LPV in fhai I"'UV-infected adults and children. 

This study aimed to determine pharmacokinetlc parameters (PK) of low dose LPV/r. 

Methods: This was an open-label, cross-over study of 24 HIV-infected children with HIV RNA < 

50 copies/ml comparing PK parameter of standard dose LPV/r and low dose of LPV/r for 4 

weeks. LPV dosage was prescribed by body weight band; 25~35 kg: LPV/r 300/75 vs. 200/50 

mg, > 35 kg 400/100 vs . 300/75 mg. Glood samples were drawn at 0 (pre-dose), 2,4,6,8, 10 

and 12 hours. Plasma concentrations of LPV and RTV were measured by HPLC method. The 

acceptable C12h is > 1 mg/L. The HIV RNA was measured at week 12 after switch back to 

standard dose for 4 weeks. 

Results: Twenty four children were included. Median (interquartile range) age, body weight, 

3
CD4 count were 13.5 (12-15) years, 33.4 (28.3-41.1) kg, 913(737-1,178) ce"sl mrn . Geometric 

mean (95% Confidence I nterval) value with standard dose lopinavir AUCo.12 h' C max ,C 12h and T 

half were 93.8 (82.9-106.3) mg.h/L, 10.8(9.6-12.0) mg/L, 3.7(3.0-4.6) mg/L, and 4.8 (4.0-5.8) h 

respectively. For low dose LPV these values were 83.1 (72.2-95.6) mg .h/l, 10.7 (9 .5-12.0) mg/L, 

2.8 (2.1-3.6) mg/L, and 4.1 (3.5-4.8) h, respectively. In the multivariate analysis, there was no 

significant different in LPV AUC (p=0.35) and C12h (p=0.65) between standard and low dose 

LPV. But the AUC of ritonavir is the strong predictor for LPV AUC and C12h (p<0.001). One child 

(3%) had C12h < 1 mg/L (0.82 mg/L) but still had undetectable HIV RNA. There were 2 children 

had HIV RNA = 52 and 99 copies/ml but C12h >1 mg/L. 

Conclusions: Low dose of LPV/r provide adequate pharmacokinetic parameters. Successful 

usage of low dose LPV/r could have a significant public health impact in reducing side effects 

and costs related to treating complications and procuring the drug. A larger randomized clinical 
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Introduction and roviQw of 1'01fJled Ilt GH'ellur~\i,i 

The wid u ntirctrovi ra l UiQrsoy (ART) for t~)O troa tmenl. of 1-IIV· inf~c t0cl 

children improved the course of 1-1 IV d lsoase with slJccessful viral 9uppreSt, lon end Irnmun 

restoration leading to reductions in morbidity and mortellty.(1.3) The oreferred first-line ART 

regimen in resource limited settings Inc ludes two nlJcleoslde reverse transcrlp tase Inhibitor. 

(4 6) 
(NRTls) with a non-nucleoside reverse lranscriptase Inhibitor (NNRTI) . . The meta ..analysls of 

12-month ART outcome of 1457 children in resource limited settings showed that 70% of 

children had viral suppresSion.( 0) Likewise, the report from Thai children cohort showed that 

20% of children who received NNRTI-based ART met the criteria o'f virologic failure and 

subsequently need second line reg imen.(7) 

The recommended second-line regimen in children who failed first-line NNRTI-based 

ART is boosted protease inhibitor (Pis) with NRTls. (4-0,6-9) Loplnavlr/ritonavir (LPV/r) is the most 

commonly used boosted PI due to its high efficacy and various formulation in form of syrup, soft 

gel capsule and heat stable tablet. (10) However, there is some discrepancy in currently 

recommended dose for heat stable tablet .The approved EMEA dose was based upon body 

surface area band, while US FDA based upon body weight band, of which in general resulting 

in higher dose. The suggested minimum target level trough concentration of lopinavir among 

patient wllo is na'fve to protease inhibitor Is 1.0 mg/L. (11) The pharmaCokinetics, of ARV drugs in 

Asians and CaucC1siCH1S (;)re difference. Asians "'ave a significantly Iliyher exposure to both 

NNRTls and Pis compared to Caucasians. (12) There is evidence supported that the 

recommended dose according to the US or European guidelines resulting in much higher 

plasma blood level in both Thai adult and children. The data from Thai adult with low-dose LPV/r 

of soft gel capsule 266/66 mg demonstrated the minimum concentration(C 12h) of 3.4 mg/L, 

while Thai adult with standard dose of tablet 400/100 mg had c 12h at 6.5 mg/L. (13) There were a 

few ~tudie~ provide evidonce support the low dose of LPV/r among Thai children . The pilot 

study from Thai children using 230/57.5 mg/m
2 

lopinavir/ritonavir oral solution demonstrated 

Cmin of 5.9 mg/L compare to 3.4 mg/L in US children when use the same dose. (14) The 

therapeutic drug monitoring for lopinavir/ritonavir level among Thai children using US 

recommended dose lopinavir heat stable tablet demonstrated lopinavir C 12h as high as 6.7 

mg/L. (15) The pilot study of 70% of standard dose lopinavir using syrup formulation among 12 
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1 

children disolayud good pl"lO I'llI ~l cokine ti c parfilfTI 

with standard-do Inavl r In TI'lSi children. (1 0) 

Therefore, thi s study was aimed to evaluate the IJll arrnctcokinolics 01low"doso (70% 

of standard dose) LPV/r heal-stable tablel formulation comparod will') standard dosa in vi r~

suppressed HIV-infected Thai chlldr@n. If the result showed U\at the low dose is optimum for 

Thai children, it could have significant Impact In reducing side effects and costs roisted to 

procuring the drug. 

Material and methods 

Study population 

This is an open-label, prospective cross-over study comparing standard dose with low dose 

(70% of standard dose) of LPV/r pharmacokinetic performed at the Department of Pediatrics, 

Chulalongkorn University, Bangkok, Thailand and the HIV Netherlands Australia Thailand 

Research collaboration (HIV-NAT). The study aimed to enroll 24 HIV-infected children who were 

stable with LPV/r containing regimen. Eligibility criteria were aged under 18 years old, weighing 

over 25 kg, confirmed HiV infection and plasma HIV-1 RNA < 50 copies/ml within 6 months of 

study entry. The exclusion criteria were tal<ing any medication that has been re'ported to have a 

drug intemr.tion with lopinClvir, such as rifampicin, efavirenz and nevirapine, having active 

opportunistic infection or had any serious illness that may be interfere LPV/r pharmacokinetics. 

The study was approved by the Institutional Review Board of Chulalongkorn University. Written 

informed consent was obtained from each child's legal guardian and also written assent from 

child before performing any study-specific procedure. The clinical trial number of the study is 

NCT01139905. 

Study procedure 

The study drugs is a lopinavir/ritonavir 100/25 mg pediatric tablet (Aluvia@ Abbott 

laboratories). The LPV/r dosage was prescribed by body weight band as a standard dose and 

low dose orally every 12 hours as follow; Group 1; 25-35 kg, the patients received 300/75 mg (3 

tablets) and 200/50 mQ(2 tablets) for standard and low dose respectively.Group2; over 35 kg. the 
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patients roceived 1100/100 mg (1\ le i:) IOlS) [l I1C! 17 5 IlltJ(3 tatJlo ts) 1m s l 

respectively, The study OQdod w ,j wlU\/l w 

weeks of low dose and then switched bacl< to 4 w 

pharmaco\<inetlc study was perfonned at week 4 

the screening visit and at study entry prior to receipt of any treatmont, at 4, 8 snd 12 woek... , 

Physical examination and ARV adherence will be evaluated by pili count on every visit. 

Complete blood count with differential and platelets, CD4 cell count. CD4 percentage WAre 

performed during screening and at week 12 visit. Toxiclly was classified using the Division of 

AIDS (DAIDS) toxicity tables for grading severity of pediatric adverse experiences. (11) 

Pharmacoki netic 

The Intensive pharmacokinetic study at week 4 of LPV/r standard dose and 70% 

reduction dose therapy cor1slsted of blood samples obtained prior to the morning dose (t=O) 

and at 2. 4, 6, 8, 10 and 12 h following an observed dose. Blood samples were centrifuged at 

3.000 rpm for 10 minutes at 20°C. The samples were kept at -20°C until analysis (no more than 

2 months), after which all the samples are transferred to -80 DC. Plasma concentrations of 

lopinavir and ritonavir were measured by a validated HPLC method. (18) The lopinavir level was 

linear over the range of 0.1 - 30.0 mg/L. The percentage accuracy was found tO,be 104% at 0.15 

mg/L. 102% at 1.5 mg/L and 101% at 7.5 mg/L. The with-in day precision are 3.34% at 0,15 

mg/L. 1.37% at 1.5 mg/L and 1.42% at 7,5 rng/L, and the between day precision are 1.22% at 

0.15 mg/L. 1.30% at 1.5 mg/L and 1,18% at 7.5 mg/. The % extraction of recovery in plasma is 

95%. The lower limit of quantification for lopinavir is 0.105 Illg/L. The ritonavir level Wa~ linear 

over the range of 0.045-30.0 mg/L. The percentage accuracy was found to be 101 % at 0,15 

mg/L, 104% at 1.5 mg/L and 103% at 7.5 mg/L. The with-in day precision are 3.22% at 0.15 

mg/L, 1.70% at 1.5 mg/L and 0.89% at 7.5 mg/L, and the between day precision are 3.64% at 

0.15 mg/L. 1.170/0 at 1.5 mg/L and 1.10% at 7.5 mg/. The % extraction of recovery in plasma is 

94%. The lower limit of quantification for ritonavir is 0.0,15 mg/L. The IIIV-NAT laboratory 

participates in an international quality control and qualily aS~e~srJIenl rJfugrarTl and has been 

<.;ru~~-validated with other pharmacoklnetlc laboratories. (HI) 
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Statistical Analyso 

Non-compartmental pharmacol<inellc oarameters were calculatad uslno slandard 

method by STATA® software version 11.0 (Stetacorp, COll0Qe Station, TX, USA) to dolQrmine U'le 

AUC 0.1211' maximum concentration (C (f1G)() , clearance time (eLL l1alf· llfQ (T Mil) and til 

concentration at 12 hours (C 12h)' Geometric mean of each pI1armacol<it1etic parameter was 

used as the outcome variable, coefficients and 95% confidence Intervals were exponentiated to 

give the results. Descriptive statistic calculated for U'le patient charaoterlstic. Comparison of PK 

parameters was done using a random effects longitudinal rogres~lon model adjusting for patient 

and timing of regimen, with maximum III<elihnod estimation. Parameters significant in univariate 

analysis at a level of PSO.1 were adjusted for In multivariate models. 
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Results 

From March to May 201 U, ~ /I children were enrolled. 11 '\ 

was presented in Table 1. The overall med ian age , weight. %CD4 Dnd CD?1 

years (lOR 9-17),33.4 I<g (SD 8.8), 27.0% (SD 6.8) and 990 cell/mm" (SO 3~9. 6 ) respec tively. 

The half of patient I,ad the Centers for Disease Control and Prevention clinical categories at 

entry at class N or A. The other ARVs in regimen are zldovudinG plus lamlvudine (1 2), 

didanosine plus lamivudlne (8), only lamivudlne (2), tenofovir plus lamivudine (1) and only 

saquinavir (1). One patient. discontinued study prior to low dose pl'larmacokinetlcs study 

because of developed upper GI bleeding from non-cirrllotic portal hypertension . 

Table 1.Subject Characteristics of 24 HIV-infected children at enrollment 

Parameter Group1 :25-35 Kg Group2:over 35 Kg Total 

(N=12) (N=12) (N=24 ) 

Gender (male/female), N 7/5 7/5 24 

Median height, cm(SD) 137.1 (4.8) 153.4(9.6) 142.7(11.2} 

Mean body surface area, m 2(SO) 1.03(0.04) 1.30(0.12) 1,14(O?) 

Mean CD4 count(SD) 1093(422) 886(231 ) 990(349) 

IQR: interquartile range 


SO: standard deviation 
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Pharmacokinetics result 

1he pllarrnacoklnetic param II dose and 23 patients will -, low 

dose loplntwlr/rilonavir wen:> shown In Tebl@ 2. T I~o vQlu 

within subject coefficients of variation ranging from 55 to 66(>;0 , The r-lGlometrlC mean of the LPV 

C12h values of low dose and standard dose wore 2,7 and 3,7 mg/L, rospectiv(3Iy. The LPV AUCo_ 

17 hand C 1211 while received low dose were reduced by 11 % (83,1 versus 93,8mg.h/l ) and 27% 

(2.7 versus 3.7 mg/L) comparing to standard dose . Tho plasma loplnavl r concentration- time 

curves among standard and low-dose loplnavlr were shown in Figure 1, Among children who 

received low dose LPV/r, one child (3%) had C12h < 1 mg/l (0.82 mg/L) but had no viral rebound. 

Table 2 Pharmacol<inetic parameters of loplnavir and ritonavir standard and low dose. 

Parameters Loplnavlr Ritonavlr 

Standard dose Low QQ§e Standgrd dQ~~ LQ~ dose 

(N:::24) (N::::23) (N=24) (N=23) 

AUC O_1211 93.8 83.1 4.1 3.0 

(mg.h/L) (82.9-106.3) (72.2-95.6) (4.9-5.8) (3.5-4.1) 

%CV 30.1 33.3 41.2 38.2 

C max (mg/L) 10.8(9.6-12.8) 10.6(9.4-11.9) 0.6(0.7-0.8) 0.4(0.5-0.6) 

%CV 26.7 27.7 42.8 41 .2 

T half (h) 4.8(4.0-5.8) 4.1(3,5-4.7) 2.9(3.3-3.7) 3.16(3,5-3.9) 

%CV 45.7 34.4 27.4 25.4 

C,;!h(mg/L) 3.7(3,0-4.6) 2.7(2.1-3.5) 0.11(0.140.17) 0.07(0.09-0.12) 

%CV 55.9 66.1 56.4 58.9 

CL (Uh) 4.2(3.7-4,8) 4.8(4.1-5.5) 17.2(20.3-24.0) 23.9(28.0-32.9) 

%CV 30.1 33.3 27.4 38.2 

Data show in geometric mean (95% confidence inteNal) 

CV (%): coefficient of variation as a % measure of the intra-subject variability 

AUC: area under the concentration-time CUNe, CL: apparent clearance 

C max: maximum concentration, C'2h: plasma concentration at 12 hours 
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J Figure 1 Plasma lopinavir (LPV) concentration -t1 rd Ot ICllow dO: lEl I I 'VII 
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The data are presented as medians (Interquartlle rango). 


The correlation between the LPV AUC 0-12h and G 12h by body weight are shown In 

Figure 2 and 3. There is a trend of lower the LPV AUC 0-12h and C 12h among children with high 

body weight. 

Figure 2 Scatter-plot of the LPV AUG 0-12h and body weight. 
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figure 3 S(;C:l tter·plot of tile LPV C , ~" snd !:)Ot1y woln11t. 
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There is a strong correlation between the LPV AUC 0-12h and the RTV AUC O'12h as 

shown in Figure 4. From the multivariate regression analysis adjusted for body surface area 

(BSA), standard or low dose LPV and RTV AUC 0-1211 to the LPV pharmacokinetic parameters, 

RTV AUC 0-12h is the strong factor influenced the LPV pharmacokinetic parameters (Table 3). 
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Table 3 The multlvarlato r 

compared to standard do 

LCI: lower 95% confidence interval; UCI: upper 95% confidence interval 

Figure 4 Scatter-plot of the LPV AUC O.12h and RTV AUC O.12h at standard and low doses . 
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Discussion 

] 


This Is the first study on the pharmacol<lnetl cs of low (jose loplnevlr/rltonQvl r pediatric 

heat stable tablet formulation (Aluvi a@) In Thai cl,ildren. The study showed thal the 70% Of 

standard dose of LPV/r was provided adequate pharmacol<lnetlc parameters in Thai c l,lIdren. 

The lopinavir AUCo 12 hand C12h while taking LPV/r low dose were reduced by 11 % and 27% 

compared to standard dose. The median LrV c 12') of low dose and standard dos<3 were 2.7 and 

3.7 mg/ml, respectively. The apparent drug exposure at the steady-state 12 h sampling showed 

all but one had lopinavir plasma concentrations above the recommended efficacy threshold of 

> 1.0 mg/L throughout tho dosing interval. 

The pharmacokinetic parameters of LPV among children received low dose was 

similar to the previous published study. (14) The ohlldren who reoleved syrup formulation 

achieved the AUCO.12h of 117 and 83 mg.h/L for standard and low dose compared with 93.8 and 

83.1 mg.h/L in this study. The Thai adults study with standard dose of generic LPV/r '100/100 mg 

(Kaletra@) showed the AUC O.12h of 117mg.h/L (13) compared with 93.8 rng.h/L in standard dose of 

this study. From the therapeutic monitoring study in Thai children receiving standard dose of 

adult tablet showed the LPV C 12h at 6.7 mg/L (16) that significantly higher than this study. It may 

be due to the plasma concentration of the therapeutic monitoring study measured concentration 

at morning predose as the C 12h that may not represent the exactly 12 hours. 

The strength of this study is that it was done in a real situation in a resource limited 

setting that can be direct applicability of the results to clinical practice. The well-designed, good 

laboratory practice certificated and good adherence to the ARV. There are some limitations. 

First, the study was focus on maintenance therapy of the patient with viral suppression and 

never had protease inhibitor failed, therefore it is generalizable only to this population. Second, 

this is a cross-sectional study where no data were obtained on long-term adverse events of LPV, 

such as lipid toxicity. Long term study in large scale and compared the metabolic complications 

before implement in the national program was necessary. More studies are warranted to 

investigate the efficacy of low dose LPV will have an impact on costs and reduce long term 

toxicity. 
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Conclusion and sugg0~ tl o ll for f'urthor worl< 

CO ki I low Vir ill 

ludy to 

dose of LPVIr among HIV-infected childron should be explored . Th of low 

dose LPV/r could have a slanlflcant public healtl­) Impact In reduc lna sid nd costs 

related to treating complications and procuring the drug. 

] 
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