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Abstract Background: Tenofovir disoproxil fumarate is the prodrug of the acyclic nucleo-
tide reverse transcriptase inhibitor tenofovir that is indicated for use in the
treatment of HIV. Tenofovir is eliminated as unchanged drug in the urine, with a
significant component of active tubular secretion. The aim of this study was to
evaluate the pharmacokinetics of tenofovir in subjects with renal or hepatic
impairment, both of which are common in HIV-infected individuals.

Patients and methods: HIV seronegative and otherwise healthy subjects with
varying degrees of renal or hepatic function were recruited, and tenofovir
pharmacokinetics were evaluated over 48 hours (hepatic impairment study) and
96 hours (renal impairment study) following a single tenofovir disoproxil
fumarate 300mg dose. Subjects with hepatic dysfunction were categorised based
upon Child-Pugh-Turcotte score, and subjects with renal impairment were cat-
egorised based upon their calculated creatinine clearance (CLcR) using the
Cockcroft-Gault method.

Results: As expected for a renally eliminated drug, subjects with and without
hepatic impairment displayed similar tenofovir systemic exposures without evi-
dence of substantial alterations in drug disposition, and therefore no dosage
adjustments were warranted in these patients. In contrast, in subjects with renal
impairment, two distinct groups were observed: (i) subjects with CLcr =50 mL/
min in whom tenofovir pharmacokinetics were similar to subjects with normal
renal function; and (ii) subjects with CLcr <50 mL/min (moderate or severe
impairment) in which tenofovir renal clearance was substantially reduced and thus
drug exposures increased. Subjects with end-stage renal disease (ESRD) demon-
strated no extrarenal route of tenofovir elimination. Simulations of once-daily or
modified dosing regimens demonstrated the need for tenofovir disoproxil
fumarate dose-interval adjustment to prevent unnecessary drug accumulation. In
patients with ESRD, high-flux haemodialysis efficiently removed tenofovir, with
an elimination rate of 134 mL/min and an extraction coefficient of 54%.
Conclusion: No tenofovir disoproxil fumarate dose adjustment is warranted in the
setting of hepatic impairment. Tenofovir disoproxil fumarate 300mg every 48
hours in individuals with moderate renal impairment and twice weekly corre-
sponding to every 72-96 hours in those with severe renal impairment is recom-
mended in order to target steady-state tenofovir exposures consistent with those
observed in subjects with normal renal function receiving tenofovir disoproxil
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fumarate 300mg once daily. For subjects receiving thrice-weekly 4-hour mainte-
nance haemodialysis sessions, tenofovir disoproxil fumarate 300mg administered
every 7 days after a haemodialysis session is recommended. HIV-infected patients
with significant end-organ dysfunction should be monitored in accordance with
clinical practice, including close management of their viral suppression and

clinical chemistries.

Background

The development and widespread use of highly
active antiretroviral therapies (HAART) has dramat-
ically changed the management of HIV infection
and significantly decreased the incidence of oppor-
tunistic infections, progression to AIDS and death.!!
The selection of antiretroviral agents to be included
in patient-specific HAART regimens is dependent
upon a number of factors. Those include past drug
intolerabilities, the potential for drug-drug interac-
tions, resistance patterns (including current and
archived mutations) and pre-existing co-morbid
medical conditions that could significantly alter the
pharmacokinetics of these agents, thus increasing
the potential for adverse drug events.”!

Tenofovir disoproxil fumarate, the prodrug of the
acyclic nucleotide reverse transcriptase inhibitor te-
nofovir, is indicated for use in combination antire-
troviral regimens for treatment of HIV. Clinical
trials in both treatment-naive and -experienced sub-
jects have shown this agent to be well tolerated and
highly efficacious when utilised as a component of
HAART regimens.3! Tenofovir is eliminated by
the kidneys via a combination of glomerular filtra-
tion and active tubular secretion.[®”] Therefore, al-
terations in renal clearance (CLR) would be ex-
pected to result in alterations in tenofovir clearance
and systemic exposures. Given that tenofovir dis-
oproxil fumarate is not metabolised, significant al-
terations in drug exposures would not be expected in
patients with liver dysfunction.

Diseases or adverse events that affect the kidney
or liver can significantly affect the pharmacokinet-
ics of drugs. Hepatic impairment may occur in sub-
jects that are co-infected with either hepatitis B virus
(HBV) or hepatitis C virus (HCV), those with prior
or current alcohol (ethanol) abuse or by way of drug-
induced hepatitis from medications commonly used
to treat HIV.[2891 In addition, HIV-associated ne-
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phropathy has been commonly reported and can
manifest as either chronic renal disease or more
acutely upon renal insult from nephrotoxic agents,
dehydration or systemic infections.!!%!!! This article
presents the findings from two studies in which the
pharmacokinetics of tenofovir were characterised in
subjects with varying degrees of renal insufficiency
(including subjects with end-stage renal disease
[ESRD] receiving haemodialysis) or in subjects
with impaired hepatic function.!'>!3! Results from
these studies serve as the basis for tenofovir dis-
oproxil fumarate dosing recommendations in pa-
tients with renal or hepatic impairment.

Materials and Methods

Study Population and Design

Two separate phase I, open-label, single-dose
pharmacokinetic studies were conducted in non-
HIV-infected subjects. The protocol, subject’s in-
formed consent and investigator’s brochure were
reviewed and approved by each study site’s institu-
tional review boards (renal impairment study:
DaVita Clinical Research, Minneapolis, MN, USA;
Orlando Clinical Research Center, Orlando, FL,
USA; New Orleans Center for Clinical Research,
New Orleans, LA, USA; hepatic impairment study:
Groupe Hospitalier Pitie-Salpétriere; Paris, France;
Aster-Cephac; Paris, France; Orlando Clinical Re-
search Center; Orlando, FL, USA) prior to study
initiation. Subjects underwent screening assess-
ments within 28 days of dosing to determine their
eligibility. Male and female subjects who met the
following key criteria were eligible for enrolment:
no serological evidence of HBV/HCV infection,
aged 18-75 years (18-70 years for hepatic study); in
good health based on medical history, physical ex-
amination findings and laboratory testing; ability to
understand and sign the consent form; no active
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alcohol or chemical dependency; and, for females of
childbearing potential, a negative serum pregnancy
test at screening and continuing use of a suitable
method of contraception. In addition, all subjects
could not be receiving treatment with agents known
to affect renal excretion, known hepatotoxic or
nephrotoxic agents or drugs known to alter tenofovir
pharmacokinetics.

Subjects in the renal study were classified into
five different groups based upon their renal function
as assessed by calculated creatinine clearance
(CLcR) using the Cockcroft-Gault equation:!'*! (i)
CLcr >80 mL/min (normal renal function); (ii)
CLcR 50-79 mL/min (mild impairment); (iii) CLcR
30-49 mL/min (moderate impairment); (iv) CLcRr
10-29 mL/min (severe impairment); and (v) requir-
ing haemodialysis (ESRD). Stable renal function,
defined as two CLcR determinations with the second
measurement found to be within 25% of the first
when performed >72 hours of each other, was re-
quired for inclusion into the study. Subjects under-
going haemodialysis were required to have a post-
haemodialysis bodyweight within 35% of that speci-
fied by the 1999 Metropolitan Height and Weight
table for men and women. Clinical laboratory results
at screening were required to be within the normal
ranges of the institution’s reference ranges for sub-
jects with normal renal function and within expected
ranges, depending upon the degree of renal insuffi-
ciency for subject in the other treatment groups.
Subjects could not be receiving treatment with
nephrotoxic agents within 3 months of study entry.

In the hepatic study, subjects were differentiated
into three functional groups based on clinical signs
and laboratory values as defined by the Child-Pugh-
Turcotte (CPT) scoring system: subjects with no
evidence or history of liver disease (normal hepatic
function); those with a CPT score between 7 and 9
(moderate hepatic impairment); or those with a CPT
score >9 (severe hepatic impairment). All subjects
had a life expectancy >3 months and stable liver
disease within 4 weeks of study entry. Laboratory
screening values varied depending upon treatment
group. Normal hepatic function subjects had
haematology, chemistries and urinalysis laboratory
values within the normal range of the study site with
a platelet count =100 000/mm3. Hepatically im-
paired subjects had ALT values <20 times the upper
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limit of normal on two occasions 1 month apart
(with last ALT value within 4 weeks prior to study
entry) and platelet values 290 000/mm3 and
>60 000/mm3 for moderately and severely impaired
hepatic function, respectively. Subjects could not be
receiving treatment with hepatotoxic agents within 2
months of study entry, or agents known or suspected
of being hepatic enzyme inducers or inhibitors with-
in 1 month of study entry.

All eligible subjects reported to the respective
clinic sites the evening prior to dosing and fasted
from midnight until 4 hours following study drug
administration. A single dose of tenofovir disoproxil
fumarate 300mg was administered by study site
personnel to each subject with 240mL of water.
Subjects who participated in the renal study had
tenofovir disoproxil fumarate serum pharmacokinet-
ic sampling performed for 96 hours following study
drug administration. Subjects with ESRD were ad-
ministered dose following haemodialysis and then
had two consecutive 48-hour sampling periods: the
first 48 hours to establish tenofovir pharmacokinet-
ics in the absence of renal function (referred to as the
interdialysis period), and the second 48 hours, which
included a 4-hour period of haemodialysis to estab-
lish parameters of drug clearance (the intradialysis
period). Subjects that participated in the hepatic
study had tenofovir serum pharmacokinetic sam-
pling performed for 48 hours following study drug
administration.

Pharmacokinetic Assessments and Methods

Subjects were confined at the study centres
throughout the entire blood collection periods for
both studies. Blood samples were obtained pre-dose
and following study drug administration at frequent
timepoints over 48 (both renal and hepatic studies),
72 and 96 hours (renal study only). Blood sampling
for the renal study: 0.5, 0.75, 1, 1.5, 2,2.5,3,4, 6,8,
10, 12, 24, 36, 48, 72 and 96 hours post-dose. No
samples collected in the hepatic study at hours 2.5,
72 or 96. Urine was collected throughout the study
at regular intervals, volume measured and aliquots
taken for tenofovir pharmacokinetic analysis. In
subjects with ESRD, blood samples were obtained
pre-dose, and following study drug administration at
0.5,0.75,1,1.5,2,2.5,3,4,6, 8, 10, 12, 24, 36 and
48 hours during the interdialysis period. The second
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48-hour period occurred with the onset of a 4-hour
haemodialysis session (intradialysis period) using a
Fresenius E Machine and a Fresenius Hemoflow
F70NR dialysis cartridge, with blood being obtained
at similar timepoints from a venous access catheter
in the arm contralateral to the arteriovenous access
for haemodialysis. In addition, blood samples were
collected from both the influx (arterial) and efflux
(venous) lines of the dialysing unit at 30-minute
intervals to calculate drug clearance by haemodial-
ysis.

Analysis of tenofovir concentrations in serum
was performed using a validated liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS) as-
say by MDS Pharma Services, Inc. (Montreal, QC,
Canada) as described previously.['”! The standard
curve spanned a concentration range of 3.00-600
ng/mL with between-batch precision (coefficient of
variance [CV]) and accuracy (% nominal) metrics
for the lower limit of quantification (LLQ) [3.01 ng/
mL] of 9.2% and 98.0%, respectively.

Pharmacokinetic parameters of tenofovir were
assessed by application of a nonlinear curve-fitting
software (WinNonlin, Pharsight Corporation,
Mountain View, CA, USA) using non compartmen-
tal methods. The area under the serum concentration
versus time curve over the dosing interval from zero
to the last detectable timepoint (tiast) in hours
(AUClast) was extrapolated to infinity (AUCe) us-
ing the linear/log trapezoidal method. The time to
maximum observed drug concentration (tmax) was
the actual observed value. The terminal elimination
half-life (ty,) was calculated by dividing the natural
log of two by the terminal elimination rate constant
(0.693/Az). Tenofovir CLR was calculated using the
absolute amount of drug excreted in the urine divid-
ed by the time-matched AUC. Among patients re-
ceiving haemodialysis, the haemodialysis clearance
was calculated as Edial ¢ Qb where Edia is the extrac-
tion ratio equal to (Cin — Cout)/Cin (where Cin and
Cout are the tenofovir concentrations entering and
exiting the dialyser) and Qp is the blood flow rate
(mL/min) through the dialyser. The amount of drug
removed by haemodialysis was also directly mea-
sured through collection and measurement of te-
nofovir in dialysate. Tenofovir pharmacokinetics
were also modelled using a two-compartment model
in WinNonlin to assess the impact of renal impair-
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ment on steady-state drug exposures and explore
alternative dosing regimens.

Safety Assessments

Adpverse events, including date and time of onset,
severity and potential relationship to study drug,
were assessed starting from the time of tenofovir
disoproxil fumarate dosing. Haematology and se-
rum chemistries were performed on all subjects at
screening, pre-dose on day 0 and upon study com-
pletion (subjects receiving haemodialysis had an
additional set of haematology and serum chemistries
performed on day 3 prior to onset of haemodialysis).
A complete physical examination, including vital
signs, was performed at screening, and symptom-
directed physical examinations occurred at pre-dose
on day 0 and upon study completion.

Statistical Analyses

Demographic and pharmacokinetic data were
summarised using descriptive statistics by study
group. In both studies the relationship between
tenofovir pharmacokinetics and clinical measures of
end-organ dysfunction were explored using linear
regression and/or correlation analyses.

The sample sizes used in these studies were in
accordance with current scientific practice and regu-
latory guidance for the evaluation of drug disposi-
tion in special populations. Specifically, eight pa-
tients per group were studied to identify the poten-
tial for substantial alterations in tenofovir
pharmacokinetics in the setting of hepatic or renal
dysfunction. Based on the known pharmacokinetic
profile of tenofovir disoproxil fumarate, these sam-
ple sizes were expected to provide >75% power to
discriminate 20% differences in tenofovir expo-
sures.

Results

Subject Enrolment

In the renal study, 41 subjects were enrolled (28
men and 13 women) and included in the safety
population. Forty subjects completed the study and
were included in the pharmacokinetic summary (one
subject experienced a significant adverse event that
was not related to study medication [arterial abnor-
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mality]). Serum concentration data from this subject 1000_3 Eensae'\il':r‘;airmem
were excluded from the tenofovir disoproxil A Moderate
fumarate pharmacokinetic analysis during the in- V Mild

tradialysis period. Based upon CLcR calculations on
the day of pharmacokinetic assessment, three sub-
jects had normal renal function, ten subjects had
mild renal impairment, eight subjects had moderate
renal impairment, 11 subjects had severe renal im-
pairment, and nine subjects had ESRD. Of the 41
study subjects, 22 were Caucasian (54%) and 18
were African American (44%). The mean (range)
age and bodyweight were 56 years (27-76 years)
and 80kg (53-117kg), respectively.

In the hepatic study, 24 subjects were enrolled
(14 men and 10 women) and included in the safety
population. All 24 subjects completed the study,
with 23 subjects having their data included in the
pharmacokinetic analysis (one subject participated
in the study despite a protocol violation of impaired
renal function; therefore, this subject’s data were
excluded from pharmacokinetic analysis). Of the 24
study subjects, 17 were Caucasian (71%) and four
were Black (17%). Seventy-one percent had a histo-
ry of alcohol consumption. The mean (range) age
and bodyweight were 51 years (33-70 years) and
71kg (48-98kg), respectively.

Pharmacokinetics

Renal Impairment Study

Following oral administration of tenofovir dis-
oproxil fumarate 300mg, maximum drug concentra-
tions (Cmax) were observed between 0.5 and 4.0
hours following dosing in subjects with normal renal
function or mild or moderate renal impairment. Sub-
jects with severe renal impairment experienced
Cmax values over a wider range of time from 0.75 to
6.0 hours after dosing (figure 1a, table I). Tenofovir
exposures (AUCe, Cmax, and concentration at tjast
[Clast]) were roughly similar between subjects with
normal renal function and mild renal impairment.
However, subjects with moderate and especially
severe renal insufficiency had substantially
(>3-fold) higher systemic drug exposures (figure 1a,
table I). Figure 2a demonstrates the relationship
between tenofovir AUC and calculated CLcRr. As
overall renal function decreased, tenofovir CLR de-
creased and ty, increased (table I).
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Fig. 1. Tenofovir serum concentration-time profile following a single
dose of tenofovir disoproxil fumarate 300mg in (a) subjects with
normal (unimpaired) renal function (creatinine clearance [CLcR]
>80 mL/min), mild renal impairment (CLcr 50-79 mL/min), moder-
ate renal impairment (CLcr 30—-49 mL/min) or severe renal impair-
ment (CLcr 10-29 mL/min); and (b) subjects with normal
(unimpaired) hepatic function, moderate hepatic impairment or se-
vere hepatic impairment.

Using derived elimination rate and volume of
distribution constants from compartmental model-
ling, subjects with moderate or severe renal impair-
ment, respectively, were predicted to exhibit excess
accumulation of tenofovir and elevations in steady-
state tenofovir Cmax of 1.6- and 3.2-fold and AUC of
2.0- and 6.5-fold. Simulations of dosing every two
(48h), three (72h), four (96h), and seven (168h) days
were also performed. For patients with moderate
renal impairment, pharmacokinetic modelling indi-
cates that a 48-hour dosing interval will achieve
tenofovir Cmax, AUClast and trough concentration

Clin Pharmacokinet 2006; 45 (11)
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Fig. 2. Relationship (linear regression with 95% confidence inter-
vals) between tenofovir area under the serum concentration-time
curve from time zero to infinity (AUC.) and (a) calculated creatinine
clearance (CLcR) and (b) Child-Pugh-Turcotte Score.

(Ctrough) ratios of 126%, 98.5% and 65.4%, respec-
tively, relative to those observed in subjects with
CLcr 250 mL/min receiving tenofovir disoproxil
fumarate 300mg once daily (figure 3). Subjects with
severe renal impairment have substantial reductions
in tenofovir renal elimination and therefore require a
more prolonged dosing interval, with modelling data
suggesting a tenofovir disoproxil fumarate 300mg
dose every 72-96 hours to achieve Cmax, AUClast
and Cirough ratios of 162-216%, 174-183% and
63.6—-121%, respectively (figure 3).

In subjects receiving haemodialysis, a single te-
nofovir disoproxil fumarate 300mg dose displayed
considerable interpatient variability in tenofovir ex-
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posures, with a median Cmax of 1050 ng/mL (range
607-1420 ng/mL) occurring over a range of 0.548
hours after study drug administration. Immediately
prior to haemodialysis (48 hours after dose), te-
nofovir concentrations were only slightly less than
Cmax, demonstrating lack of metabolism or ex-
trarenal elimination of drug. Over 4 hours of
haemodialysis, tenofovir concentrations decreased
to a median of 192 ng/mL (range 89.7-375 ng/mL)
and subsequently rebounded over the next 8 hours to
a median of 303 ng/mL (range 139-454 ng/mL).
This rebound to concentrations similar to Cmax for a
tenofovir disoproxil fumarate dose in adults with
normal renal function is likely the result of redistri-
bution of drug from the tissues. The median amount
of tenofovir recovered in the dialysate during
haemodialysis was 10% of the administered dose
(136mg) and =50% of the estimated orally bioavail-
able tenofovir dose in tenofovir disoproxil fumarate
300mg. This degree of recovery was also consistent
with the measured extraction coefficient of the di-
alyser (54%). The median haemodialysis clearance
of tenofovir during high-flux haemodialysis was
calculated to be 134 mL/min.

Hepatic Impairment Study

Tenofovir pharmacokinetics did not exhibit sub-
stantial differences in patients with moderate and
severe hepatic impairment relative to unimpaired
controls (table I, figure 1b). Following a single
tenofovir disoproxil fumarate 300mg dose, the te-
nofovir Cmax occurred within 2 hours of dosing and
was slightly higher in subjects with moderate or
severe hepatic impairment compared with normal
controls. Overall tenofovir exposures (AUClast and
AUC.) were not substantially altered in subjects
with hepatic impairment. No relationship was ob-
served between CPT score and tenofovir AUC.,
AUC]Hast and Cmax values (figure 2b).

Safety and Tolerability

Thirteen of the 41 subjects in the renal study
(32%) and 8 of the 24 subjects in the hepatic study
(33%) reported at least one adverse event. In the
renal study, headache, nasal congestion and hy-
pokalaemia (haemodialysis subjects) were exper-
ienced by more than one study subject. The frequen-
cy of adverse events was similar, with no obvious

Clin Pharmacokinet 2006; 45 (11)
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Fig. 3. Simulated tenofovir steady-state concentrations following tenofovir disoproxil fumarate 300mg dose every 24 hours for subjects with
creatinine clearance (CLcr) 250 mL/min, every 48 hours in subjects with CLcr 30-49 mL/min, or every 96 hours for subjects with

CLcr 1029 mL/min.

trends in occurrence of adverse events observed
based on renal function grouping. Only two adverse
events were investigator-assessed as possibly being
related to study drug: diarrhoea in a subject in the
mild renal impairment group and headache in a
subject in the severe renal impairment group. One
serious adverse event was reported (arterial abnor-
mality [infection] in a patient with a haemodialysis
access graft), which required hospitalisation and
was assessed by the investigator as being unrelated
to the study drug. No grade 3 or 4 laboratory abnor-
malities were reported in the normal, mild and mod-
erate renal function groups. During the study, 8 of
the 11 subjects in the severe impairment group had
grade 3 serum creatinine values, and one subject had
serum creatinine values that were categorised as
grade 2. None of these 11 subjects experienced a
worsening in grade for serum creatinine during the
study period. Similarly, all nine subjects in the
ESRD group had either grade 3 or grade 4 serum
creatinine values, which were consistent with the
nature of their underlying renal disease. Grade 3 in
serum amylase values were reported in two subjects
with severe impairment and in three ESRD subjects.
Each of these subjects had abnormal serum amylase
values of the same grade at screening and/or base-
line. Two subjects, both with a history of diabetes
mellitus, experienced grade 3 hyperglycaemia dur-
ing the study, including the baseline visit.

In the hepatic study, the only adverse events
experienced by more than one subject were head-
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ache (two subjects in the normal hepatic function
group) and decreased urine volume (two subjects in
the severe hepatic impairment group). The reported
decrease in urine volume was not associated with
any clinical or laboratory evidence of renal dysfunc-
tion. Five adverse events were assessed as being
possibly related to the study drug. Two subjects in
the normal hepatic function group reported head-
ache. One of those subjects also reported nausea and
vomiting (10 hours post-dosing). Decreased urine
volume was reported by one subject in the moderate
hepatic impairment group and two subjects in the
severe impairment group. One subject with severe
hepatic impairment and decompensated cirrhosis,
ascites, jaundice and recent hospitalisations for alco-
holic cirrhosis and septic shock was hospitalised for
treatment of a bacterial infection and subsequently
developed sepsis and died 24 days after study drug
administration. This death was not considered by the
investigator to be study drug related. No subjects
with normal hepatic function experienced a grade 3
or 4 laboratory abnormality post-dosing, whereas
four subjects in the moderate hepatic impairment
group and five subjects in the severe hepatic impair-
ment group reported post-dosing grade 3 laboratory
abnormalities. With the exception of one subject in
the severe hepatic impairment group with a grade 3
serum amylase on day 3, all abnormalities were
reported at baseline or at screening.
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Discussion

The pharmacokinetics of tenofovir following a
single 300mg dose were evaluated in non-HIV-
infected subjects with either normal renal or hepatic
function or with varying degrees of renal or hepatic
insufficiency. As predicted, no significant altera-
tions in tenofovir pharmacokinetics were observed
among subjects with moderate or significant hepatic
disease given that tenofovir is eliminated by the
renal pathway. Although slight increases in Cmax
and AUC values were observed, these small altera-
tions are not likely to be of clinical relevance, and
therefore a tenofovir disoproxil fumarate dosage
adjustment in these patients is not recommend-
ed.l”161

Among subjects with varying degrees of renal
impairment, as renal function declined, tenofovir
clearance declined and ty, increased. This is not
surprising given that a linear relationship between
tenofovir CLR and calculated CLcr was observed.
Of interest, tenofovir CLR was roughly 2- to 3-fold
higher than the calculated CLcR, indicating preser-
vation of tenofovir tubular secretion in the presence
of impaired renal function.

Systemic exposures to tenofovir in subjects with
renal impairment was found to be best described by
two distinct groups: (i) subjects with CLcr =250 mL/
min (normal renal function or mild impairment)
without significant pharmacokinetic alterations; and
(i1) subjects with CLcr <50 mL/min (moderate or
severe renal impairment) that experienced substan-
tially reduced tenofovir CLR and hence increased
drug exposures (figure 2a and 2b). These levels of
renal impairment would be expected to result in
excessive accumulation of drug. Thus, patients
should have renal function carefully assessed
throughout tenofovir disoproxil fumarate therapy,
and the dosage should be adjusted to reduce the
potential for adverse events. The recommended dos-
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age adjustments based upon pharmacokinetic mod-
elling is tenofovir disoproxil fumarate 300mg given
every 48 hours in subjects with moderate renal im-
pairment (CLcr 30-50 mL/min), and twice weekly
or every 72-96 hours in subjects with severe renal
impairment (CLcr 10-29 mL/min) [table I1].['6]

Subjects with ESRD who received a single dose
of tenofovir disoproxil fumarate 300mg displayed
little, if any, extrarenal elimination as evidenced by
a plateau in the tenofovir concentration-time profile
until high-flux haemodialysis was introduced 48
hours after dosing. Haemodialysis efficiently re-
moved tenofovir with an extraction coefficient of
54% and an elimination rate of 134 mL/min. Given
tenofovir’s low molecular weight (<300Da) and
minimal protein binding (<10%), this finding is not
unexpected. Ten percent, representing =50% of the
orally bioavailable tenofovir disproxil fumarate
dose, was eliminated in the dialysate and is concor-
dant with the observed extraction coefficient of the
dialyser. These data indicate that each cumulative
12 hours of haemodialysis should provide for re-
moval of the majority of a tenofovir disoproxil
fumarate dose, preventing undue accumulation of
drug. In patients receiving long-term maintenance
haemodialysis on a thrice-weekly schedule of ap-
proximately 4 hours per dialysis session, a once-
weekly dosing interval with drug administration fol-
lowing completion of dialysis is recommended.! %!
The safety, efficacy and pharmacokinetics of te-
nofovir disoproxil fumarate using the dosing nomo-
gram derived from this renal impairment study in
HIV-infected patients with underlying renal dys-
function is currently ongoing.

Conclusion

Tenofovir disoproxil fumarate was well tolerated
in subjects with both renal and hepatic impairment,
with no obvious trends in adverse drug events being
observed among one particular group. Tenofovir

Table II. Dosing interval recommendations for tenofovir disoproxil fumarate 300mg

Creatinine clearance (mL/min)?2

Haemodialysis patients

=250 30-49

10-29

Every 24 hours Every 48 hours

Once weekly
(every 72-96 hours)

Every 7 days or after approximately
12 hours of haemodialysis®

a Calculated using ideal (lean) bodyweight.

b Normally, once-weekly dosing, assuming three haemodialysis sessions per week of approximately 4 hours of duration.
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disoproxil fumarate can be administered without
dosage adjustment at the full 300mg dose once daily
in patients with hepatic dysfunction and/or with a
calculated CLcR =250 mL/min. In patients with mod-
erate or severe renal impairment, tenofovir dis-
oproxil fumarate 300mg should be administered at
extended dosing intervals to prevent unnecessary
drug accumulation and should be monitored in ac-
cordance with clinical practice, including close
management of their viral suppression and clinical
chemistries.
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