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Background & objectives: Antiretroviral drug concentrations are important determinants of clinical
response to a drug accounting for both toxicity and efficacy. Several factors such as age, ethnicity, body
weight and patients’ immune status may influence antiretroviral drug concentrations. The aim of the
study was to determine the influence of immunological status, sex and body mass index on the steady
state pharmacokinetics of lamivudine (3TC) and stavudine (d4T) in HIV-infected adults, who were
undergoing treatment with generic fixed dose combinations (FDC) of these drugs in India.

Methods: Twenty seven HIV-1 infected patients receiving antiretroviral treatment (ART) for at least two
weeks at the Government ART clinic at Tambaram, Chennai, took part in the study. Serial blood samples
were collected predosing and at different time points after drug administration. Plasma 3TC and d4T
levels were estimated by HPLC.

Results: The patients’ immune status, sex or body mass index had no impact on the pharmacokinetics of
3TC. In the case of d4T, peak concentration was significantly lower in patients with CD4 cell counts <200
cells/ul than those with > 200 cells/ pl (P < 0.05), but were within the therapeutic range. The mean CD4
cell counts increased from 101 cells/pl at initiation of ART to 366 cells/ul at 12 months of treatment.

Interpretation & conclusions: Blood levels of 3TC and d4T drugs that are part of generic FDCs commonly
used by HIV-infected individuals in India were within the therapeutic range and not influenced by
nutritional or immune status. There was a significant improvement in CD4 cell counts over 12 months of
treatment. Indian generic FDCs manufactured and used widely in the developing world provide effective
concentrations of antiretroviral drugs.
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Generic fixed dose combinations (FDC) comprising
two nucleoside reverse transcriptase inhibitors
(NRTIs) and one non-NRTI (NNRTT) are widely used
in the scaling-up of antiretroviral treatment (ART) in
developing countries. A vast majority of HIV-infected
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patients in India receive nevirapine (NVP)-based
highly active anti-retroviral treatment (HAART), the
common companion drugs being lamivudine (3TC) and
stavudine (d4T) or zidovudine (AZT)!. Several factors
such as drug-drug interactions, drug-food interactions,
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sex, age, body weight, disease state (renal and hepatic
function) and pregnancy can influence antiretroviral
drug concentrations’. Drug-drug interactions for
drugs metabolized by the hepatic cytochrome P-450
enzymes are relatively common. The bioavailability
of antiretroviral drugs can be considerably reduced by
food®. Higher antiretroviral drug exposure in women
compared to men has been associated with a greater
likelihood of virologic success®. Further, higher NRTI-
triphosphate concentrations (AZT & 3TC) have been
reported in women compared to men°. Advanced HIV
disease has been associated with malabsorption, notably
of anti-tuberculosis drugs®. It was further reported that
malaborption correlated significantly with degree of
immune suppression and body mass index (BMI).
Differences in patients’ body weight appear to cause
differences in exposure of certain antiretroviral drugs,
notably efavirenz, raising the question of whether
efavirenz dose should be increased in people with higher
body weight®°. In addition to these known variables,
genetic differences in HIV-infected patients have been
found to account for variations in antiretroviral drug
response and toxicity?.

We had earlier shown that patients’ immune status,
sex or BMI had no impact on the pharmacokinetics
of NVP, and that plasma NVP concentrations were
maintained within the therapeutic range of the drug in
the majority of adults who received the drug as a generic
FDC'. The aim of the present study was to examine
the influence of immunological status, sex, BMI and
dose of d4T on the steady state pharmacokinetics of
3TC and d4T in HIV-infected patients on treatment
with FDCs in India.

Material & Methods

Patients: The study was conducted in 27 HIV - infected
adults attending the outpatient clinic of the Tuberculosis
Research Centre, Chennai, during October 2005 to
March 2006. These patients had participated in a
controlled clinical trial and were being followed up
at regular intervals. During each follow up visit they
underwent a complete medical examination and were
tested for biochemical and haematological parameters
and CD4 cell counts. The patients were required to
meet the following inclusion criteria (i) 18-50 yr age;
(i) body weight not less than 30 kg; (iii) no severe
hepatic or renal dysfunction (serum transaminases
within two and half times the upper limit of normal
range and creatinine < 1.2 mg/dl); (iv) non diabetic
(random blood glucose between 80-140 mg/dl); (v)
undergoing treatment with generic FDC of antiretroviral

drugs (NVP 200 mg /3TC 150 mg/ d4T 30/40 mg or
AZT 300 mg twice daily) for a minimum period of
2 wk; (vi) not suffering from any serious opportunistic
infection that could cause malabsorption of drugs; and
(vii) willingness to participate in the study and provide
informed written consent. Chronic alcoholics and
female patients on hormonal birth control pills were
excluded from the study. None of the patients were
receiving concomitant medications for tuberculosis.
The study was conducted after obtaining clearance
from the Institutional Ethics Committee.

Conduct of study: The study was conducted at
the Government Hospital of Thoracic Medicine,
Tambaram, Chennai. Eligible study participants were
admitted to the hospital at least a day prior to start of the
study. Informed written consent was obtained from all
patients. On the day of the study, blood samples (3 ml)
were drawn in heparinised containers before dosing and
serially at 0.5, 1,2, 4, 6, 8, and 12 h after administration
of the FDC pill with 200 ml water. All the blood
samples were centrifuged immediately and plasma
stored at -20°C until estimations of 3TC and d4T were
undertaken.

Estimation of plasma 3TC and d4T: Estimations
of plasma 3TC and d4T were carried out by HPLC
(Shimadzu Corporation, Kyoto, Japan) with UV
detection according to validated methods!'!. The limits
of detection of 3TC and d4T were 0.01 and 0.001pug/
ml respectively. The precision of the assay ranged
from 2.9 to 7.1 per cent for 3TC and 3.3 to 8.7 per
cent for d4T, the accuracy being 101 and 96 per cent
for 3TC and d4T respectively. The per cent recoveries
of 3TC and d4T from plasma were 94 and 91 per cent
respectively.

Pharmacokinetic analysis: Pharmacokinetic variables
such as peak concentration (C_ ), minimum
concentration (C__ ), time to attain peak concentration
(T, ), exposure (AUC), and half-life (t,) were
calculated employing a non compartmental model
following first-order kinetics using WinNonlin software
(Version 4.1) (Pharsight Corporation, Mountain View,

CA, USA).

Statistical evaluation: Analysis of data was performed
using SPSS (version 10) package (SPSS Inc., Chicago,
IL, USA). Data were expressed as median and
range as the data were not normally distributed. The
significance of differences in the pharmacokinetic
parameters of 3TC and d4T between various groups
of patients, classified based on CD4 cell counts, sex,
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BMI, concomitant co-trimoxazole (in the case of 3TC)
and dose of d4T (in the case of d4T) was tested using
Mann-Whitney test. P< 0.05 was considered to be
statistically significant. Pearson’s correlation test was
used to evaluate correlation between C___and AUC
of drugs with that of patients’ body weight.

Results

The baseline characteristics of study participants
are provided in Table 1. Of the 27 patients, six were
receiving AZT and 21 d4T. Stavudine measurements
could not be performed in seven patients. This study
reports the steady state pharmacokinetics of 3TC and
d4T from 27 and 14 patients respectively. Plasma
concentrations of 3TC and d4T increased steadily
with peak concentrations obtained at 1 h for both the
drugs (Figs 1 and 2). The pharmacokinetic variables
calculated based on plasma 3TC and d4T levels are
shown in Tables II and III respectively. Comparisons
of pharmacokinetic variables of 3TC and d4T in
patient groups divided based on CD4 cell counts
(< and > 200 cells/ul), sex (males and females) and
BMI (<18.5 & > 18.5 kg/m?) were made. The normal

Table 1. Baseline characteristics of study participants

Characteristics Value
Sex

Males 17

Females 10
Age (yr)

Mean 36

Range 26 - 50
Body weight (kg)

Mean 52

Range 35-91
Height (cm)

Mean 159

Range 140 - 173
BMI (kg/m?)

Mean 20.1

Range 13.6 - 33.0
Duration of ART (months)

Mean 4.4

Range 1-17
CD#4 counts (cells/pl)

Mean 218

Range 25-684

<200 cells/ul (No.) 15

> 200 cells/ul (No.) 12

BMI, body mass index; ART, antiretroviral treatment

Table II. Steady state pharmacokinetics of lamivudine (150 mg bi-daily)

Cmax min Tmax AUC(O-&) t‘/1
(pg/ml) (pg/ml) (h) (ng/ml-h) (h)
Overall 2.43 0.24 1.0 12.00 4.70
n=27 (1.00-3.32) (0.08-0.51) (1.0-4.0) (6.11-18.04) (1.73-8.77)
CD4 counts cell/pl
<200 2.44 0.32 1.0 12.60 4.70
n=15 (1.00-3.24) (0.08-0.51) (1.0-4.0) (6.11-18.04) (1.73-8.77)
>200 2.36 0.22 1.0 11.74 4.45
n=12 (1.38-3.32) (0.13-0.39) (1.0-4.0) (7.40-14.02) (2.26-6.22)
Sex
Males 2.37 0.24 1.0 12.02 4.70
n=17 (1.00-3.10) (0.11-0.51) (1.0-4.0) (6.11-18.04) (1.73-7.10)
Females 2.57 0.23 1.0 11.47 3.93
n=10 (1.28-3.32) (0.08-0.41) (1.0-2.0) (7.09-15.33) (2.22-8.77)
BMI (kg/m?)
<18.5 2.40 0.22 1.0 11.47 3.49
n=18 (1.28-3.32) (0.08-0.51) (1.0-4.0) (7.09-18.04) (1.73-7.06)
>18.5 2.44 0.38 1.0 12.48 5.60
n=9 (1.00-2.89) (0.11-0.45) (1.0-2.0) (6.11-14.02) (2.40-8.77)
Co-trimoxazole
Yes 2.38 0.18 1.0 12.48 3.24
n=15 (1.00-2.96) (0.08-0.51) (1.0-4.0) (6.11-18.04) (1.73-8.77)
No 2.46 0.23 1.0 11.46 4.90
n=12 (1.28-3.32) (0.13-0.45) (1.0-2.0) (7.09-15.41) (3.00-7.10)

C,..> peak concentration; C ., minimum concentration; T, time to attain C__; AUC, area under the plasma concentration vs. time curve;

max

t,, half life. Values are shown as median and range given in parentheses
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Table III. Steady state pharmacokinetics of stavudine (30/40 mg bi-daily)

Cmax Cmin Tmax AUC(O—() t‘/z
(pg/ml) (pg/ml) (h) (pg/ml-h) (h)
Overall 0.37 0.015 1.0 1.38 3.32
n=14 (0.20-0.76) (0.001-0.11) (0.5-2.0) (0.59-2.20) (0.50-6.58)
CD4 counts (cell/pl)
<200 0.33 0.020 1.0 1.37 2.71
n=28 (0.20-0.57) (0.001-0.11) (1.0-2.0) (0.59-2.20) (0.50-6.58)
>200 0.53* 0.025 1.0 1.47 3.32
n=06 (0.31-0.76) (0.01-0.03) (1.0) (1.29-2.17) (2.35-5.71)
Sex
Males 0.37 0.015 1.0 1.36 2.82
n=12 (0.20-0.76) (0.001-0.11) (0.5-2.0) (0.59-2.20) (0.50-6.58)
Females 0.39 0.03 0.75 1.62 3.58
n=2 (0.21-0.56) (0.01-0.05) (0.5-1.0) (1.58-1.67) (3.53-3.63)
BMI (kg/m?)
<185 0.38 0.030 0.75 1.51 3.36
n=28 (0.21-0.76) (0.004-0.11) (0.5-1.0) (0.92-2.20) (1.79-6.58)
>18.5 0.37 0.01 1.0 1.37 2.32
n==6 (0.20-0.57) (0.001-0.03) (0.5-2.0) (0.59-1.58) (0.50-5.64)
Dose
30 mg 0.35 0.01 1.0 1.38 2.94
n=10 (0.20-0.57) (0.001-0.11) (0.5-2.0) (0.59-2.20) (0.50-6.58)
40 mg 0.38 0.03 0.75 1.35 3.02
n=4 (0.31-0.76) (0.02-0.03) (0.5-1.0) (1.29-2.17) (2.53-5.71)

C,..0o Peak concentration; C,;,, minimum concentration; T, .,
t,, , half life; *P < 0.05 compared to the group with CD4 counts < 200 cells /ul. Values are shown as median and range given in parentheses

time to attain C-__; AUC , area under the plasma concentration vs. time curve;

‘min> max>

range of BMI was taken as 18.5-24.9 kg/m2"’. Further,
3.00 - patients receiving 3TC were grouped based on whether
— they received concomitant co-trimoxazole or not, and
g 250 4 patients receiving d4T were divided based on the dose
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Fig. 1. Mean plasma concentrations of lamivudine at different time Fig. 2. Mean plasma concentrations of stavudine at different time

points (n = 27). Vertical bars represent standard deviation. points (n = 14). Vertical bars represent standard deviation.
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C_.C_ ,AUC , andt  of 3TC between the various
patient groups was statistically significant. Of the 27
patients analysed for 3TC pharmacokinetics, 15 were
receiving concomitant treatment with co-trimoxazole
[trimethoprim (TMP) 160 mg/sulphamethoxazole
(SMX) 800 mg] once daily. No difference in C__,
C,.» AUC ,andt, of 3TC was observed between
patients receiving and not receiving co-trimoxazole.
With respect to d4T, a significant difference in C__
between patients with CD4 cell counts < 200 cells/
ul (0.33ug/ml) and > 200 cells/ul (0.53 pg/ml) was
observed (P < 0.05). Of the 14 patients analysed for
d4T pharmacokinetics, 10 were receiving 30 mg dose
of the drug, while the remaining 4 were receiving 40 mg
dose. The differences in the pharmacokinetic variables
of d4T between these two groups of patients were
not statistically significant. The correlation between
patients’ body weightand C_and AUC, , of 3TC and
d4T was not significant.

The mean (range) CD4 cell counts at baseline,
6 and 12 months after initiation of antiretroviral
treatment (ART) were 101 (25 - 209), 322 (127 - 775)
and 386 (112 - 733) cells/ulrespectively.

Discussion

This study presents the pharmacokinetic profile
of 3TC and d4T delivered as a generic FDC to HIV-
infected patients receiving ART from a Government
ART clinic at Tambaram, Chennai.

The pharmacokinetic profile of 3TC observed in this
study was similar to that reported in Indian and other
populations'*!¢ (plasma peak and trough concentrations
ranging from 1.59 to 2.72pug/ml and 0.078 to 0.33pg/ml
respectively). Neither the degree of immune suppression,
sex nor BMI had any impact on the pharmacokinetics
of 3TC as also reported by others'’. Trimethoprim
lowers the renal clearance of 3TC by competitive
inhibition of tubular secretion by TMP'®, Our study data,
however, showed that concomitant treatment with co-
trimoxazole did not cause any significant change in the
pharmacokinetics of 3TC. Our data differ from previous
reports which found an increase in the average steady
state 3TC serum concentrations when co-administered
with co-trimoxazole'®". Although the reason for this
difference is not clear, our patients were supplied co-
trimoxazole for self-administration and their adherence
to this drug was not monitored. Further studies are
needed to study the effect of higher dosages of TMP/
SMX on 3TC pharmacokinetics.

In the case of d4T, mean C___of 0.42ug/ml and t,
of 3.23 h were lower and higher respectively than that
reported by others'® 222, These studies reported peak
concentration ranging from 0.60 to 1.2 pg/ml and half-
lives ranging from 1.0 to 1.6 h. Even though C__ of d4T
was lower in patients with CD4 counts < 200 cells/pl
than those with CD4 counts > 200 cells/ul, it was within
the therapeutic range based on plasma levels. However,
the number of patients studied in both these groups was
small (8 and 6 patients respectively).

Antiretroviral drug concentrations are among
the most important determinants of clinical response
to a drug accounting for both toxicity and efficacy.
Our finding of adequate plasma concentrations of
3TC and d4T that are not influenced by the stage of
immune suppression, sex and BMI among Indian
patients is encouraging. The adequacy of blood levels
also correlated with the clinical and immunological
improvement noted in this patient group, though
virological monitoring was not done. The NRTI
class of drugs such as 3TC, d4T and AZT become
biologically activated after intracellular conversion to
phosphorylated metabolites. Even though a relationship
between plasma concentrations of NRTIs and outcome
has been found in some studies, the usefulness of NRTI
plasma concentrations in predicting treatment response
remains uncertain®. Also, the relationship between the
concentration of active intracellular triphosphates of the
NRTIs and sex, BMI and stage of immune suppression
has not been reported. Further studies are warranted
to examine these relationships and to establish the
pharmacokinetic profile of the intracellular metabolites
of 3TC and d4T.

The main limitation of our study was the small
size, particularly for d4T, which was further reduced
when patients were grouped based on sex, CD4 cell
counts, BMI and dose of the drug. The study findings
however, have clinical implications for treatment of
HIV-infected patients in India and other developing
countries. The National AIDS Control Organisation
of India recommends the use of NVP and 3TC with
either d4T or AZT?**. In India, about 50-60 per cent of
patients, initiated on ART receive a stavudine-based
regimen®. Similarly, many resource-poor countries
use stavudine-based regimen as first-line of treatment,
even though this is used to a relatively lesser extent
in the developed countries. The dosage of d4T has
recently been reduced to 30 mg even for patients of
body weight above 60 kg; our data support this new
recommendation. Our findings provide some evidence
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to suggest that dosage recommendations could be
uniform across sex, disease stage and nutritional status
for 3TC and d4T; similar findings were observed for
NVP . In summary, the study has shown that blood
levels of 3TC and d4T — drugs that are part of generic
FDCs commonly used by HIV-infected individuals
in India are maintained within the therapeutic range
among patients with varying nutritional status and at
different stages of HIV disease. Programmes that can
ensure high rates of adherence can hope for a sustained
therapeutic response to these drugs.
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