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As the risk of tenofovir-associated renal toxicity has been found to be proportional to the drug plasma concentration, our aim
was to measure the determinants of tenofovir plasma exposure in HIV-positive patients with normal renal function. A cross-
sectional analysis was conducted in HIV-positive patients chronically receiving tenofovir-containing highly active antiretroviral
therapies (HAARTs). Patients on tenofovir-containing antiretroviral regimens, presenting 22 to 26 h after drug intake, having
estimated glomerular filtration rates above 60 ml/min, reporting high adherence to antiretroviral medications (above 95% of the
doses), and signing a written informed consent were included. Plasma tenofovir concentrations were measured through a vali-
dated high-performance liquid chromatography–mass spectrometry (HPLC/LC-MS) method. The tenofovir trough concentra-
tions in 195 patients (median, 50 ng/ml, and interquartile range, 35 to 77 ng/ml) were significantly associated with the estimated
glomerular filtration rate, body mass index, and third-drug class (protease-containing versus protease-sparing regimens) (with
the highest exposure in unboosted-atazanavir recipients). The results of multivariate analysis showed that the third-drug class
and the weight/creatinine ratio were independent predictors of tenofovir trough concentrations. This cross-sectional study
shows that tenofovir trough concentrations are predicted by the weight/creatinine ratio and by the coadministered antiretrovi-
rals, with protease inhibitors (whether boosted or unboosted) being associated with the highest plasma exposure. These data,
previously available in healthy subjects or for some drugs only, could be useful for designing strategies to manage tenofovir-as-
sociated toxicity, since this toxicity has been reported to be dose dependent.

Although the majority of successful highly active antiretroviral
therapy (HAART)-treated HIV-positive patients are taking

tenofovir disoproxil fumarate (TDF) as part of their nucleoside/
nucleotide reverse transcriptase inhibitor [N(t)RTI] backbone,
the drug is being increasingly associated with renal tubular dys-
function (1–3). While in clinical reports, the impact of TDF on
renal function is mostly described in terms of decrease of esti-
mated glomerular filtration rate (GFR), TDF appears unlikely to
directly harm any glomerular structure and its effect on GFR esti-
mation depends upon the decreased creatinine secretion that is
secondary to tubular dysfunction (3). In four independent clinical
studies, TDF pharmacokinetic (PK) exposure was found to be
associated with alterations in a series of renal function markers,
both glomerular and tubular (4–7). According to drug-drug in-
teraction studies of healthy volunteers, the PK exposure of teno-
fovir seems to be rather sensitive to the choice of companion
drugs, which suggests that, depending on the specific HAART
regimen, its impact on tubular function may also vary. In agree-
ment with this assumption, in large-scale cohort studies, the like-
lihood of TDF-associated renal dysfunction was found to vary
depending upon the antiretrovirals being concurrently adminis-
tered, with ritonavir-boosted protease inhibitors (PIs/r) being as-
sociated with the highest risk (3). Since only limited data on teno-
fovir exposure in patients are available (8) and in order to better
understand the relationship between specific antiretrovirals and
the drug pharmacokinetic profile, we carried out a cross-sectional
pharmacokinetic survey in patients under successful and renally
safe (estimated creatinine clearance [eCLCR], �60 ml/min)
chronic TDF administration.

(Some of the data in the manuscript were presented as a poster
at the 18th Conference on Retroviruses and Opportunistic Infec-
tions, Seattle, WA, 5 to 8 March 2012 [9].)

MATERIALS AND METHODS
Patients on TDF-containing antiretroviral regimens were consecutively
enrolled at the Department of Infectious Diseases of the University of
Torino and at the Amedeo di Savoia Hospital, Torino, Italy, between
September 2010 and January 2011. The protocol was approved by the
local ethics committee. Patients were included if they had taken TDF 22 to
26 h before, reported high adherence to antiretroviral medications (above
95% of the doses), presented no concomitant renal disease, and signed a
written informed consent. Patients diagnosed with chronic kidney disease
(defined by estimated creatinine clearance below 60 ml/min), on hemo-
dialysis, or affected by diabetes mellitus were excluded from this study.
Tenofovir trough concentrations were measured through a validated
high-performance liquid chromatography–mass spectrometry (HPLC/
LC-MS) method with a limit of detection of 2 ng/ml (10). eCLCR was
calculated using the Cockroft-Gault formula. The results are expressed as
median values and interquartile ranges; nonparametric tests (Spearman,
Mann-Whitney, and Kruskal-Wallis) were used for all the analyses (com-
parisons and correlations), while a multivariate linear regression analysis

Received 5 December 2012 Returned for modification 23 January 2013
Accepted 28 January 2013

Published ahead of print 4 February 2013

Address correspondence to A. Calcagno, andrea.calcagno@unito.it.

Copyright © 2013, American Society for Microbiology. All Rights Reserved.

doi:10.1128/AAC.02434-12

1840 aac.asm.org Antimicrobial Agents and Chemotherapy p. 1840–1843 April 2013 Volume 57 Number 4

http://dx.doi.org/10.1128/AAC.02434-12
http://aac.asm.org


was used to evaluate the effects of several covariates (with a P value of
�0.20 at bivariate analysis) on tenofovir plasma exposure.

RESULTS

One hundred ninety-five adult HIV-positive patients (68.2%
male) were enrolled in this study; they were mainly of Caucasian
ethnicity (166 [85.1%]). The median values and interquartile
ranges for age, body mass index (BMI), plasma creatinine, and
eCLCR were 45 years (39 to 50), 23.1 kg/m2 (21.1 to 25.8), 0.96
mg/dl (0.84 to 1.08), and 84.4 ml/min (70.2 to 102.9). Patients
were cotreated with unboosted atazanavir (ATV) (34 patients
[17.4%]), with a boosted protease inhibitor (118 patients [60.5%];
54 patients on ATV/ritonavir [ATV/r], 30 on lopinavir/ritonavir
[LPV/r], and 23 on darunavir/ritonavir [DRV/r]), with non-
nucleoside transcriptase inhibitors (NNRTIs) (32 patients
[16.4%];16 on nevirapine [NVP] and 13 on efavirenz [EFV]), and
with raltegravir (11 patients [5.6%]). The demographic and treat-
ment characteristics of the study participants are summarized in
Table 1, stratified by third-drug class.

Samples were collected at steady state and after a median un-
interrupted time of TDF intake of 22.2 months (interquartile
range, 8.9 to 56.2). The median tenofovir trough plasma concen-
tration was 50 ng/ml (35 to 77), with a coefficient of variation of
64.6%. Tenofovir trough concentrations were significantly asso-
ciated with eCLCR (rho, 0.24; P � 0.012), BMI (rho, 0.16; P �
0.025), and weight/creatinine ratio (rho, 0.24; P � 0.001); a bor-
derline association with age emerged (rho, 0.13; P � 0.07). The
tenofovir concentrations according to the third-drug class were
higher in unboosted atazanavir recipients (median value and in-
terquartile range, 65 ng/ml [41.7 to 84.2]) than in patients under
treatment with boosted PIs (51.5 ng/ml [34 to 77]), NNRTIs (43
ng/ml [28.2 to 50]), and raltegravir (37 ng/ml [28 to 79])
(Kruskal-Wallis test, P � 0.02) (Fig. 1). Dunn’s multiple compar-
ison test identifies as statistically significant the pairwise compar-
ison (with post hoc correction) between atazanavir and NNRTI
recipients. Receiving a protease inhibitor (whether with or with-
out ritonavir) was associated with higher tenofovir plasma trough
concentrations (54.5 ng/ml [37 to 80] versus 43 ng/ml [28 to 50] in
the NNRTI and raltegravir group; P � 0.007). No significant dif-
ferences were found in BMI, plasma creatinine, and eCLCR among
these groups; nevertheless, patients on boosted PIs and raltegravir
had shorter durations of tenofovir exposure (Table 1). No statis-
tically significant intraclass differences in tenofovir exposure were
found among patients on boosted PIs (ATV/r 54 ng/ml [35 to 76],
LPV/r 55 ng/ml [40 to 78], and DRV/r 43 ng/ml [29 to 77]; P �
0.27) or NNRTIs (NVP 41 ng/ml [29 to 53] and EFV 46 ng/ml [28

to 50]; P � 0.67). A multivariate linear regression analysis was
performed using the backward exclusion procedure and including
age, BMI, eCLCR, weight/creatinine ratio, and third-drug class; the
third-drug class (P � 0.004; beta, 0.22; 95% inhibitory concentra-
tion [IC95], 6.8 to 35.3) and the weight/creatinine ratio (P � 0.04;
beta, �2.02; IC95, �0.73 to 0.009) were independently associated
with tenofovir trough concentrations.

DISCUSSION

In this cross-sectional study in HIV-positive patients, we report
new clinical data on tenofovir plasma PK exposure according to
different concomitant drugs. Information on this was mainly de-
rived from data for healthy volunteers, with only a few clinical
studies performed on specific tenofovir-antiretroviral combina-
tions in HIV-infected patients (such as lopinavir/ritonavir) (11).
Our results further support the hypothesis of a tenofovir dose/

TABLE 1 Demographic and clinical characteristics

Characteristic

No. (%) or median value (interquartile range) for group receiving:

P valueaUnboosted atazanavir Boosted PIs NNRTIs Raltegravir

No. of patients (n � 195) 34 118 32 11
Gender (male) 20 (58.8) 84 (71.2) 23 (71.9) 6 (54.5) 0.56
Ethnicity (Caucasian) 27 (79.4) 106 (89.8) 24 (75) 9 (81.8) 0.38
Age (yr) 44.5 (37.8–50) 44 (39–49.5) 47 (39–54) 43 (41–47) 0.74
BMI (kg/m2) 24.4 (22.7–27.5) 23 (20.5–25.3) 22.7 (21.1–26.5) 23.7 (20.5–29.6) 0.18
Creatinine (mg/dl) 0.9 (0.84–1.09) 0.96 (0.84–1.07) 1.02 (0.86–1.09) 1.03 (0.94–1.15) 0.24
eCLCR (ml/min) 89.5 (75.6–104) 83.1 (69.8–102.7) 81 (69–109.2) 83.5 (71–93.7) 0.97
Duration of tenofovir treatment (mo) 29.1 (18.3–56.5) 17.5 (7–46) 33.9 (7.4–68) 11.2 (1.8–51.4) 0.09
a Variables were compared with Chi-square and Kruskall-Wallis tests.
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FIG 1 Tenofovir plasma trough concentrations (ng/ml) according to different
third-drug classes. Boxplots and whiskers represent median values, interquar-
tile ranges, and 95% confidence intervals, respectively; black dots are single
outliers. Median values and 95% confidence intervals are 65.5 ng/ml (27.7–
143.2) in the ATV (atazanavir), 51.5 ng/ml (16.9 –146.9) in the PI/r (boosted
protease inhibitor), 43 ng/ml (16.5–132.5) in the NNRTI (nonnucleoside re-
verse transcriptase inhibitor), and 37 ng/ml (20 – 84.8) in the RAL (raltegravir)
groups.
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concentration-dependent toxicity, since TDF PK exposure was
found to vary significantly according to the third antiretroviral
being concurrently taken, with a magnitude that reproduces the
relative risk of TDF-associated nephrotoxicity according to con-
currently administered drugs seen in cohort studies. In looking at
TDF concentrations, it must be considered that in the three stud-
ies associating higher tenofovir exposures to kidney tubular dys-
function, the mid-dose value (approximately 12 h after drug in-
take) (4–7) was used, while our plasma samples were taken at 24 h.

While other factors were found to influence tenofovir plasma
trough concentrations (age, BMI, and eCLCR, including the pre-
viously suggested combined parameter weight/plasma creatinine)
(12, 13), the choice of the third-drug class seems to be the only
readily modifiable factor. As was found in EUROSIDA, D:A:D:,
and two additional retrospective surveys, (3, 14–16), the use of
boosted PIs together with TDF is associated with the highest risk
of renal toxicity, with reduced risk in the case of NNRTI or ralte-
gravir coadministration. Recent data report that tenofovir with
either boosted protease inhibitor leads to a greater initial decline
in eCLCR than tenofovir with efavirenz and that this decline may
be worse with ATV/r than with LPV/r (17). The mechanism by
which boosted PIs increase TDF exposure is thought to be depen-
dent upon the inhibition of multiple resistance protein (MRP)
transporters at the apical side of renal tubular cells, with conse-
quent TDF intratubular accumulation and possible chronic harm
to mitochondria and with intestinal P glycoprotein inhibition
(and related increased absorption) as a possible complementary
mechanism. It is worth noting that the highest exposure was
found in unboosted ATV recipients: MRP-2 inhibition both by
boosted PIs and atazanavir could contribute to explaining this
effect. It is unclear, however, why unboosted atazanavir intake was
associated with higher tenofovir concentrations than boosted
atazanavir, and we are not able to find a causative reason for this
observed effect. In any case, since in the absence of ritonavir, ATV
exposure is also lower, such a difference might be attributable to
an intrinsically greater inhibition of TDF extrusion from tubular
cells by ATV (than by ritonavir), which would thus interact with
MRPs without competing with ritonavir for drug transporter
binding. The only available data suggest that the addition of un-
boosted ATV to TDF in healthy volunteers was associated with
increased tenofovir plasma concentrations (the geometric mean
ratios for area under the concentration-time curve [AUC], maxi-
mum concentration of drug in serum [Cmax], and Cmin, respec-
tively, were 1.24, 1.14, and 1.22) (18).

Some limitations of this study should be highlighted: the cross-
sectional design implies that patients with severe tubular and renal
toxicities have not been included due to selection bias and inclu-
sion criteria. However, such a selection does limit the risk of con-
founding the cause with the effect, since no patients with altered
creatinine clearance values were studied. Fewer patients were in-
cluded in the efavirenz and the raltegravir groups due to their
habit of taking antiretrovirals at nighttime. Finally, the measure-
ment of adherence to treatment by self-report is not precise, and it
is possible that some patients did not take the drug as they had
reported.

These data warrant further investigation in order to evaluate
the clinical impact in terms of risk of tubular toxicity. Apart from
the implicit opportunity to switch tenofovir and/or the compan-
ion drug (to an antiretroviral associated with lower TDF PK ex-
posure), the identification of patients with increased tenofovir

exposure should drive attention toward the possibility of reducing
the TDF dose or the frequency of administration. This dose reduc-
tion (one pill every other day) has already been suggested in pa-
tients with significant renal impairment and could be justified by
the long intracellular half-life of tenofovir diphosphate. As an al-
ternative (or complementary) approach, the use of probenecid
might also be considered, since in a small case series, the drug was
found to actually decrease the development of tenofovir-associ-
ated tubular damage in patients with hepatitis B virus infection.
This effect is likely to be attributable to a significant reduction of
TDF uptake by proximal tubular renal cells due to probenecid
interference with apical organic anion transporters (OATs), al-
though the data in this report cannot support such a strategy (19).

Considering the prior demonstration of a dose-concentration
relationship between tenofovir and renal toxicity, these data con-
firm on real-life clinical grounds that TDF pharmacokinetics also
depends on the antiretrovirals being administered concurrently.
As a consequence, based on this knowledge, different strategies to
reduce the impact of TDF on renal function can be suggested and
warrant proper clinical investigation.
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