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Metabolicc toxicity and drug plasma concentrations 

Introduction n 

Dyslipidemiaa has associations with both HIV-infection itself and combination antiretroviral 
therapyy (cART).1 Unusual changes in body fat distribution have been observed since the 
adventt of cART, and the pathophysiology of these changes is only partially understood.2-3 

Thee nucleoside-analogue reverse transcriptase inhibitor (NRTI) and protease inhibitor (PI) 
classess of cART are particularly associated with these metabolic disturbances and 
abnormalitiess in body fat distribution. There appears to be littl e association of the non-
nucleoside-reversee transcriptase inhibitors (NNRTIs) with body fat changes, although they 
aree associated with changes in plasma lipids.4 

Thee major components of the body fat distribution abnormalities (often referred to as 'HIV 
lipodystrophy')) associated with the use of cART have been peripheral lipoatrophy and 
abdominall  lipoaccumulation. These two particular components were originally thought to 
bee associated and therefore to have a common pathophysiology,2 but more recent research 
hass suggested that lipoatrophy and lipoaccumulation may, at least to some degree, be 
independentt phenomena, and might even have separate pathophysiological mechanisms. 
Lipoatrophyy appears to be most closely associated with the NRTI class, whereas 
lipoaccumulationn seems more associated with the Pis.57-8 The changes in body habitus are 
frequentlyy cosmetically disturbing and stigmatizing for patients. Furthermore, the metabolic 
consequencess of antiretroviral treatment are of clinical concern because they have been 
associatedd with increased rates of cardio- and cerebrovascular events in the HIV-infected 
population.9 9 

Theree is evidence that individual drugs within the NRTI and PI classes have different 
associationss with metabolic disturbance. Within the PI class, atazanavir and saquinavir 
(hard-gelatinn formulation) have been least associated with dyslipidemia,1012 while ritonavir, 
evenn in the low-dose form in which it is employed as a pharmacokinetic booster of other 
Piss (and not as an independent PI), is associated with elevations of total cholesterol and 
fastingg triglycerides.13-16 Within the NRTI drug class, stavudine (d4T) and in particular the 
combinationn of d4T/didanosine (ddl) are associated with dyslipidemia and lipoatrophy.17-18 

However,, zidovudine (ZDV) has also been implicated in this regard.19 Of the NNRTIs, 
efavirenzz in particular may be associated with higher total cholesterol (TC) and 
triglyceridess (TG) and like nevirapine with higher HDL-cholesterol.16 

Inn the HIV-NAT 009 study,20 a group of PI and NNRTI naive Thai HIV-1 infected patients 
failingg combination NRTIs were switched to a regimen consisting of ritonavir-boosted 
indinavirr 800/100 mg twice daily (bid) and efavirenz 600 mg once daily (qd) with an 
excellentt virological response. Sixty-nine percent of all patients who commenced therapy 
hadd an undetectable plasma HIV-1 RNA after 96-weeks. However, metabolic disturbances 
weree observed with substantial increases observed in TC, TG, estimated LDL-c, TC/HDL-c 
ratio,, and blood glucose. In a prospective lipodystrophy substudy performed in parallel with 
thee main study we observed moderate increases in both DEXA assessed total limb fat mass 
andd visceral adipose tissue mass assessed by CT-scan performed at 48-week intervals.5 

Relationshipss between the pharmacokinetics of various antiretroviral agents, including 
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indinavirr and efavirenz, and their efficacy and toxicity have been described.2123 However, 
theree is littl e data regarding the relationship between antiretroviral pharmacokinetics, 
metabolicc disturbance and body fat distribution changes. We, therefore, elected to explore 
thesee relationships within the HIV-NAT 009 study cohort. 

M a t e r i a ll a n d m e t h o d s 

Thee HIVNAT 009 study and substudies 

HIV-NA TT 009 was a single-arm, open label, 96-week study of 61 adult Thai HIV-infected 
patientss who were all deemed to have virologically failed therapy with combination NRTIs 
(definedd as a minimum HIV-1 RNA>1000 copies/ml on therapy), and were switched to 
ritonavir-boostedd indinavir 800/100 mg bid and efavirenz 600 mg qd.20 Blood draws 
performedd at routine study visits (weeks 0, 4, 8, 12 and 12-weekly thereafter) included 
measurementss of fasted blood glucose, total cholesterol (TC), HDL-cholesterol (HDL-c), 
andd triglycerides (TG) in serum. A plasma sample was collected and stored at HIV-NAT at 
eachh scheduled study visit for retrospective analysis of antiretroviral drug levels. The time 
off  last drug ingestion prior to study visit was documented for all three components of 
therapy,, as was the time that the blood specimen was drawn. Body fat composition was 
measuredd by DEXA and CT-scan at baseline and after 48 and 96 weeks of treatment. A 
single-slicee CT-scan at the level of the fourth lumbar vertebra (L4) was performed to 
quantifyy the areas of subcutaneous (SAT) and visceral abdominal adipose fat (VAT). Whole 
bodyy DEXA scans were used to determine total limb fat mass.24 

Att week 4 of the main study 20 (33%) patients participated in an intensive pharmacokinetic 
sub-studyy to determine the 12-hour pharmacokinetic profiles of the three components of the 
drugg regimen.25 

Drugg plasma concentrations 

Randomm time point concentrations of efavirenz, indinavir and ritonavir were determined at 
weekss 4, 12, 24, 36, 48, 60, 72 and 96. The lower limit of quantification for efavirenz, 
indinavirr and ritonavir were 0.20 mg/L, 0.037 mg/L and 0.045 mg/L, respectively. The 
plasmaa drug concentrations were determined at the HIV-NAT pharmacokinetic laboratory 
usingg validated high performance liquid chromatography (HPLC) methods.26 Every 
individuall  plasma concentration of indinavir and ritonavir was standardized for the time-
correctedd median plasma concentration derived from the HIV-NAT 009 intensive 
pharmacokineticc sub-study21 and was expressed as the concentration ratio (CR). A CR of 1 
thereforee constitutes a concentration within the normal range for this patient cohort. The 
variationn within one dosing interval and the between-sample variation for efavirenz was 
muchh lower than for Pis and therefore the efavirenz CR was not calculated.25 
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Statisticall analyses 
Dataa from fifty-nine patients were included in the analysis. Two patients were excluded; 
onee developed tuberculosis and was withdrawn at week 2 in order to receive appropriate 
treatment,, and the other was withdrawn because of the potentially confounding use of an 
orall  hypoglycaemic agent for the duration of the study. Changes in metabolic parameters 
weree investigated using a generalized linear mixed model incorporating repeated measures 
withh a significance level set at a=0.01 to reduce the chance of a type-1 error. All patients 
whoo started on lipid-lowering agents or hypoglycaemic agents were censored from the time 
off  agent initiation. Patients who had temporary interruptions of study medication were 
censoredd for the corresponding sample time-point. 
Changess in VAT and total limb fat mass were investigated using multivariate linear 
regressionn models. The analyses of VAT and total limb fat mass were restricted to the first 
488 weeks of the study because of missing data at week 96. The following time-updated 
covariatess were introduced into the multivariate models in a stepwise fashion: body mass 
indexx (BMI), peripheral blood CD4+ count, plasma HIV-1 RNA, calculated indinavir CR, 
calculatedd ritonavir CR and efavirenz plasma concentration. Age, gender, exposure to d4T 
att the time of switch to the study regimen, total limb fat mass and duration of previous d4T 
exposuree were fitted as fixed covariates. Alcohol abuse was not included as a covariate 
becausee none of the patients abused alcohol (defined as >4 units per day for males, and > 2 
unitss per day for female). All analyses were corrected for time (study visit week) and the 
baselinee value of the independent parameter. Statistical calculations were performed with 
SASS software (version 8.02, SAS Institute, Cary, NC). 

Results s 
Descriptivee statistics of the baseline characteristics and metabolic parameters over time are 
expressedd as means and standard deviations (SD). Twenty-three females and 36 males were 
enrolledd in the study. The mean (SD) body weight and body mass index were 56.4 (9.60) kg 
andd 21.5 (2.9) kg/m2 respectively. 

NRTII exposure history 
Previouss treatment consisted of various combinations of zidovudine (ZDV), stavudine 
(d4T),, didanosine (ddl), lamivudine (3TC), and abacavir (ABC). The mean (SD) NRTI 
exposuree was 40 (13) months. Thirty-six percent of patients had been exposed to a total of 
twoo NRTIs, 12% to three NRTIs, 48% to four NRTIs and 3% to five NRTIs. The majority 
off  patients had only ever been exposed to dual NRTI regimens and 56% of the cohort had 
receivedd two or more combinations of NRTIs prior to enrolment in the HIV-NAT 009 study.20 

Fortyy patients had undergone prior d4T exposure with a mean duration of 16 (18) months. 
Off  these forty patients, 36 had taken the combination d4T in combination with ddl for a 
meann duration of 15 (18) months. At the time of switch to the NRTI-sparing regimen, 16 
(27%)) patients were receiving a d4T-containing NRTI combination and 42 (70%) were 
receivingg a ZDV-containing NRTI combination. 
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Tablee 1 Baseline characteristics (mean  SD, unless otherwise specified) 

Baselinee parameter 

totall  n 

gender,, M : F 

age,, yr 

weight,, kg 

BMI ,, kg/m2 

previouss NRTI exposure, months 

d4TT treatment at time of start, percentage (n) 

everr on d4T treatment, percentage (n) 

durationn d4T treatment, months 

CDCC stage A, percentage (n) 

CDCC stage B, percentage (n) 

CDCC stage C, percentage (n) 

CD4++ cell count, cells/mm3 

plasmaa HIV-l RNA, log 

totall  cholesterol, mmol/L 

HDLL cholesterol, mmol/L 

triglycerides,, mmol/L 

nn number, M male, F female, yr year, NRTI nucleoside reverse transcriptase inhibitor 
BMII  body mass index, d4T stavudine, HDL high density lipoprotein 

On-studyy medication history 
Ninee patients had a temporary treatment interruption of the study medication. In total, 51, 
50,, 46, 42, 40, 38, 33 and 34 patients were available for analyses at study weeks 4, 12, 24, 
36,, 48, 60, 72 and 96, respectively. After switch to the study regimen 15 and 1 patient(s) 
respectivelyy commenced lipid-lowering and oral hypoglycaemic agents at some stage. 
Fifteenn patients in total commenced lipid-lowering therapy over the 96-weeks of study (five 
byy week 12, six by week 24, eight by week 36, eleven by week 48, twelve by week 60, 
fourteenn by week 72, and fifteen by week 96). One patient started an oral hypoglycaemic 
agentt by week 72; this patient commenced treatment with a lipid-lowering agent by week 
60. . 
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Plasmaa concentrations of efavirenz, and concentration ratios of indinavir and 
ritonavir r 

AA total of 334 plasma concentrations were available for analysis. The CR of indinavir and 
ritonavir,, and the plasma concentrations of efavirenz are summarized as medians and IQR. 
Thee median (IQR) plasma concentration of indinavir was 7.5 (1.4 to 12.5) mg/L. The 
mediann (IQR) plasma concentration of ritonavir was 1.7 (0.8 to 3.3) mg/L. The median 
(IQR)) CR for indinavir and ritonavir were 1.3 (0.8-1.9) and 1.1 (0.6-2.1), respectively. The 
mediann plasma concentration of efavirenz was 3.1 mg/L (IQR: 2.3-4.3 mg/L). 
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Predictorss of metabolic parameters 
Figuress 1-3 demonstrate the changes in TC, HDL-c and TG over time. The results of the 
multivariatee analyses are summarized in Table 2. During the 96 weeks of treatment, the 
modelledd TC concentrations increased by about 77%. On analysis we found a significant 
positivee association between the changes in TC and the time-updated body mass index. An 
increasee of 1 unit in the BMI was associated with a TC increase of 2.4% (p=0.008). A 
negativee correlation was observed between baseline limb fat mass and the change in total 
serumm cholesterol concentrations. That is, for every single kilogram reduction in total limb 
fatt mass at baseline there was an increase in TC of 4.1% (p=0.003). 

Fig,, 1 Scrum total cholesterol concentrations 
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Fig.. 2 Serum HDL-c cholesterol concentrations 
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Fig.. 3 Serum triglycerides concentrations 
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Wee observed a 48% modelled increase in HDL-c after 96 weeks of treatment. Ritonavir CR 
wass negatively correlated with the change in HDL-c. That is a 2.4% decrease in HDL-c was 
observedd for each unit increase in ritonavir CR (p=0.007). Correlations between HDL-c and 
indinavirr and efavirenz plasma concentrations were not observed. 
AA 226% modelled increase in TG from baseline was seen after 96 weeks of study. 
Triglyceridee increases were not significantly correlated with the CR of ritonavir and 
indinavir,, or the drug plasma concentrations of efavirenz. A strong negative correlation was 
howeverr observed with the baseline limb fat mass. For every kilogram reduction of total 
limbb fat mass at baseline there was an increase of 15.7% (p=0.006) in serum triglyceride 
concentrations. . 
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Tablee 2 Results of multivariate linear regression analyses 

Parameter r changee (%) 95%% CI p-value e 
Totall  cholesterol 

BMI I 

baselinee limb fat mass 

HDLL cholesterol 
CRofRTV V 

Triglycerides s 

baselinee limb fat mass 

Changee in VAT* 

meann total cholesterol 

2.44 per kg/m2 

-4.11 per kg 

-2.44 per unit 

-15.77 per kg 

99 per mmol/L 

0.633 to 4.22 

-6.722 to-1.43 

-4.188 to-0.67 

-26.755 to-4.79 

0.100 to 0.49 

0.008 8 

0.003 3 

0.007 7 

0.006 6 

0.005 5 
Al ll  analysis were adjusted for the baseline value of the dependent variable. 
BMII  body mass index, CR of RTV ritonavir concentration ratio, VAT visceral adipose tissue 
**  Mean concentrations of first 48 weeks were analysed 

Predictorss of body fat composi t ion 

Figuree 4 and 5 illustrate the changes in VAT and SAT over 96 weeks. Visceral adipose 

tissuee mass increased by 20% from baseline over the 96 weeks of study. The increases 

predominantlyy occurred within the first 48 weeks after treatment by time-point a 17% 

increasee had already been observed. Total cholesterol concentrations were positively 

correlatedd with increases in visceral abdominal fat. For every mmol/L TC increase we 

foundd a 0.3% VAT increase over 48 weeks (p=0.001) (Table 2). Significant correlations 

betweenn VAT and TG were not observed. None of the investigated variables were 

associatedd with observed changes in peripheral limb fat mass during the study. 

Fig.. 4 Subcutaneous adipose tissue i 
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SAT:: subcutaneous adipose tissue; VAT: visceral adipose tissue 

D i s c u s s i o n n 

Inn the HIV-NA T 009 study, we observed a substantial deterioration in fasted metabolic 

parameterss over 96 weeks of treatment in patients receiving ritonavir-boosted indinavir and 

efavirenz.. Total cholesterol and triglycerides increased by 77%, and 226% respectively. The 

viscerall  and subcutaneous fat compartments increased by 22% and 32%, respectively. Al l 

patientss in the HIV-NA T 009 study had been extensively pretreated with various 
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combinationss of thymidine-containing combination NRTI-therapy. Several studies have 
shownn that in patients who discontinue the use of thymidine analogues (in particular d4T) 
dyslipidemiaa may improve.2729 However, despite the switch to an NRTI-sparing regimen 
thee metabolic profile of the cohort deteriorated, while fat in both the subcutaneous and 
viscerall  compartments increased. 
Thee present analysis was conducted to investigate possible determinants of the resultant 
metabolicc profile and the increase in the visceral and peripheral fat compartments in this 
patientt population. We found that patients with reduced limb fat mass at study baseline had 
proportionatelyy greater increases in TC following the treatment switch compared to those 
withh greater total limb fat mass at baseline. Patients with a higher BMI at time of switch 
alsoo developed higher TC. Calculated plasma concentration ratios of ritonavir were 
associatedd with a lesser rise in HDL-c. Patients with higher TG at baseline had lower total 
limbb fat mass at study entry. The patients who sustained the greatest VAT accumulation on 
studyy also demonstrated greater TC disturbances. We did not find any variables associated 
withh the observed increases in total limb fat mass but this phenomenon is likely, to be 
relatedd to the discontinuation of the thymidine-analogue NRTI-therapy.27'28'30"32 

Withh respect to the relationship between drug plasma concentrations and metabolic 
abnormalities,, we found that higher ritonavir plasma concentrations were statistically 
significantlyy but weakly associated with lower HDL-c. This appears to be in agreement 
withh studies performed in healthy volunteers who received high- and low-dose ritonavir.1333 

Cohortt studies, in which patients with high dose ritonavir were included, have shown that 
thee use of ritonavir is associated with increases of serum triglyceride and total 
cholesterol.15166 In addition, studies suggest that while atazanavir administered as a stand-
alonee PI (i.e. dosed at 400 mg daily without ritonavir-boosting) is not associated with 
metabolicc disturbance, the addition of ritonavir boosting at 100 mg daily to atazanavir (300 
mgg daily) is associated with elevations of TC and TG as well as reductions in HDL-c in 
healthyy volunteers.12-34,35 

Too date only a limited number of studies have investigated the relationship between 
metabolicc changes and the plasma concentrations of Pis or NNRTIs. Two studies have 
shownn correlations between TG and TC concentrations and lopinavir plasma 
concentrations.36-377 In one study a correlation with lopinavir concentrations was not found.38 

Thesee studies were limited by small sample sizes, concomitant use of lipid lowering drugs, 
thee concomitant use of NRTIs and d4T-containing regimens at the time of analysis. Two of 
thesee studies investigated the relationship between lopinavir concentrations and metabolic 
parameterss through univariate methods with correlation coefficients below or around 
00 5 36,37 j n the study in which an association was not found, the increase in TC from 
baselinee was small, therefore there may have been limited power to detect any such 
association.. In addition, none of the studies measured and adjusted the analyses for the 
ritonavirritonavir plasma concentrations. Two non-randomized studies have reported positive 
associationss of lopinavir and nelfinavir plasma concentrations with lipodystrophy.37-39 Both 
studiess concluded that high PI plasma concentrations were correlated with lipodystrophy, 
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howeverr scans to objectively measure fat mass were not performed. Due to these 
limitationss and given that patients in these studies were receiving thymidine-analogue 
NRTIss and other co-medications that may affect metabolic profiles, the conclusions from 
thesee studies should be interpreted cautiously. 

Wee had anticipated that there might exist a relationship between PI concentration, in 
particularr indinavir,40 and VAT, but we did not find one. Furthermore, we expected that 
increasedd TG would be associated with VAT. However, we actually found that higher TC, 
butt not TG, was significantly associated with VAT increases. It is important to realize 
howeverr that several counteracting processes are likely to be influencing the course of TG 
ass well as TC in our patients, thereby rendering it difficult to expose any straightforward 
relationshipss between the plasma concentration of any individual drug and lipid responses. 
Exposuree to RTV, even at pharmacokinetic 'booster' doses,13 but not IDV is known to be 
associatedd with a rapid increase in both TG and TC.41- 42 In contrast, withdrawal of 
thymidinee analogue NRTI and stavudine in particular, is known to result in rapid declines 
off  TG and TC concentration.27-43 The latter might be explained by a reversal of the 
hamperedd clearance of TG from the bloodstream as demonstrated in HIV-1 infected patients 
withh lipoatrophy already being reversed prior to any noticeable improvements in peripheral 
fatt content.44 

Theree are a number of weaknesses of this study. This study involved cross-referencing 
betweenn the results of a number of primary studies conducted in a single patient cohort, 
whichh were not designed to answer the questions posed here. The study design does not 
alloww for comparisons because of the lack of a control group. The sample size was small 
andd therefore may have littl e power to detect significant associations. As multiple 
comparisonss were made in this study we elected to reduce the significance level to an a-
levell  of 0.01 in order to reduce the possibility of finding chance associations. However, this 
strategyy cannot exclude the possibility that some relationships might be confounded. 
Inn summary, we found that the presence of baseline lipoatrophy, VAT increases on study, 
andd plasma concentrations of ritonavir were each to varying degrees associated with 
metabolicc dysfunction characterized by higher total cholesterol, lower HDL-cholesterol and 
higherr triglyceride levels, which in the general population are known to be associated with 
increasedd cardiovascular risk. 
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