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Abstract Background and Objective: Sporadic cases of renal toxicity have been re-
ported in HIV-infected children treated with tenofovir disoproxil fumarate
(TDF). We assessed the long-term renal safety of TDF in a cohort of verti-
cally HIV-infected children, adolescents and young adults.

Methods: We evaluated 26 HIV-infected children, adolescents and young
adults, aged 4.9-17.4 years at baseline, every 6 months for 60 consecutive
months. At the baseline visit, they had an undetectable viral load and a good
immune reconstitution and were being treated with lamivudine, stavudine
and a protease inhibitor (PI). At the same visit, stavudine was replaced with
TDF and the PI with efavirenz. Serum creatinine, estimated glomerular fil-
tration rate (GFR), urine protein to creatinine ratio, serum phosphate, ratio
of the maximum rate of tubular phosphate reabsorption to the GFR
(TmPO,/GFR), urine glucose, and urine o,-microglobulin to creatinine ratio
were used as markers of renal function. The outcome-time relationships were
studied using generalized estimating equations (GEEs). In addition to time
(continuous, ten equally spaced intervals), sex, age at baseline and CD4+
T-cell count were used as covariates.

Results: A moderate reduction in GFR was observed only once in an un-
derweight female patient. There was no occurrence of proteinuria, hypo-
phosphataemia or glycosuria. Moreover, TmPO,/GFR was stable and the
urine o;-microglobulin to creatinine ratio was always within normal limits.
Conclusion: TDF had an excellent renal safety profile in HIV-infected chil-
dren, adolescents and young adults regularly followed up for 60 months.
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Introduction

With the advent of combination antiretroviral
therapy (CART), there has been a substantial
decline in the morbidity and mortality associated
with HIV infection.l] However, HIV-infected
patients are exposed to a variety of adverse effects
from long-term use of antiretroviral medications,
including renal toxicity.[?! Tenofovir disoproxil
fumarate (TDF) is a nucleoside analogue of
proven efficacy and safety, the use of which has
been sporadically associated with kidney tubular
dysfunction and bone disease.’] A recent meta-
analysis showed that, although TDF use is asso-
ciated with a statistically significant loss of renal
function, the clinical magnitude of this effect is
modest and is counteracted by the positive ef-
fects of the drug.i Renal tubular dysfunction has
been observed mainly in animals treated with
doses of TDF higher than those employed in
humans.P! Sporadic cases of osteomalacia have
been reported in patients treated with TDF.[8l
However, a recent review! concluded that the
incidence of bone fractures is similar with TDF-
containing CART and other CARTs.”1% [n ad-
dition, the longitudinal changes in bone mineral
density are similar for TDF-containing CART and
other CARTs.[10-13]

Two longitudinal studies have reported no
evidence of TDF-related renal dysfunction in
children,!'*13 but a more recent study!'® reported
a worsening of tubular function attributable to
TDF. In order to better evaluate the long-term
renal safety of TDF, we expanded our previous
24-month follow-up!! study to 60 months.

Patients and Methods

Study Design

We extended the follow-up of a previous cohort
study from 24 to 60 months.['>) Twenty-seven pa-
tients treated with lamivudine/stavudine/protease
inhibitor (PI) were switched to lamivudine/TDF/
efavirenz and followed every 6 months for
60 months. One patient was lost to follow-up
after 15 months!!>! and only 26 patients were in-
cluded in the present analysis. TDF was ad-
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ministered once daily on the basis of body surface
area: 150mg for 0.50-0.84m2, 225mg for
0.85-1.29m? and 300mg for >1.30m> The
pharmacy service of our hospital provided cap-
sules split into subunits to make up the prescribed
dose. Written informed consent was obtained
from the parents or legal guardians of the patients
and the study was approved by the Ethics
Committee of the “L. Sacco” Hospital (Milan,
Italy).

Anthropometric Assessment

Weight was measured to the nearest 0.1 kg
using a beam scale (Seca GmbH & Co. KG,
Hamburg, Germany) and height was measured to
the nearest 0.1 cm using a wall-mounted stadio-
meter (Holtain Ltd, Crosswell, UK). Body mass
index (BMI) was calculated as weight (kg)/height
(m)?. Z-scores (also known as standard deviation
scores) for anthropometric measurements were
calculated using Italian reference data.l'”]

Assessment of Renal Function

Glomerular function was assessed by means
of serum creatinine, estimated glomerular filtra-
tion rate (GFR) and urine protein to creatinine
ratio. Increases in serum creatinine were classi-
fied as grade 1 (=20.5-2.0mg/dL vs baseline),
grade 2 (2.1-3.0mg/dL vs baseline) or grade 3
(3.1-6.0mg/dL vs baseline).['¥ GFR was estimated
using Schwartz’s redux equation in subjects aged
<18 years and using the Modification of Diet in
Renal Disease (MDRD) equation in subjects
aged >18 years.['2%1 Renal failure was diagnosed
when the estimated GFR was <60 mL/min.!'!
Proteinuria was diagnosed in the presence of a
urine protein to creatinine ratio >0.2.1'! Tubular
function was assessed by means of serum phos-
phate, the ratio of the maximum rate of tubular
phosphate reabsorption to the GFR (TmPO,/
GFR), urine glucose, and urine o,;-microglobulin
to creatinine ratio. Hypophosphataemia was di-
agnosed according to the Division of AIDS
guidelines.”!! TmPO,/GFR was estimated from
a random urine specimen taken simultancously
with a blood sample.[??l Glycosuria was defined
as a value of urine glucose =50 mg/dL.[1¢]

Clin Drug Investig 2011; 31 (6)
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Statistical Analysis

Continuous variables are reported as median
and interquartile range (IQR) because most had
skewed distributions. IQR was calculated as the
difference between the 75th and 25th percentiles.
Categorical variables are given as the number
or percentage of subjects with the characteristic
of interest. Generalized estimating equations
(GEEs) were used to evaluate the changes in
weight (continuous, Z-score), height (continuous,
Z-score), BMI (continuous, Z-score), GFR (con-
tinuous, mL/min/m?) and TmPO,/GFR (con-
tinuous, mg/dL) during the study. GEEs provide
a population-average or marginal model, i.e. they
quantify how much the average response would
change across the population for every one-unit
increase in a predictor and are robust to data
missing at random (MAR).?3! When used as a
dependent variable, the square root of the CD4+
T-cell count was used to achieve a normal dis-
tribution while the other outcomes of interest for
GEE analysis were already normally distributed
(Shapiro-Wilk test). In addition to time (con-
tinuous, ten equally-spaced intervals of 6 months),
age at baseline (continuous, years), sex (dichot-
omous, male vs female) and CD4+ T-cell count
(continuous, cells/'mm?) were used as covariates.
The within-subject correlation matrix of GEE
was set as exchangeable and semi-robust con-
fidence intervals (CIs) were calculated. Multi-
variable fractional polynomials were used to test
for the existence of non-linear relationships of
outcomes with time and other continuous cov-
ariates.?¥ Statistical significance was set to a
p-value <0.05 and all tests were two-tailed. Sta-
tistical analysis was performed using Stata 11.1
(Stata Corp, College Station, TX, USA).

Results

Twenty-six HIV-infected children, adolescents
and young adults treated with a CART including
TDF were followed every 6 months for 60 con-
secutive months. Only two patients missed a
follow-up visit, one at month 24 and the other at
month 48. Missing data for the variables of in-
terest varied from 1% to 16%, were intermittent,
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and after inspection of clinical charts were as-
sumed to be MAR and handled by GEEs. The
anthropometric and clinical characteristics of the
patients included at baseline and at the ten
follow-up visits are reported in table I.

At baseline, the age of the study population
ranged from 4.9 to 17.4 years, with a median
(IQR) of 13.0 (6.7) years. Females made up 58%
of the study population (n=15). HIV-RNA levels
were undetectable (<50 copies/mL) in all subjects
for the entire duration of the follow-up period.

As determined by GEEs, the square-root
transformed CD4+ T-cell count did not change
with time and was not associated with either
baseline age or BMI (coefficients not shown).
Likewise, the Z-scores for weight, height and
BMI were stable and were also not associated
with either baseline age or BMI (coefficients not
shown). This is in agreement with the results
of other long-term studies performed at our
clinic.[’]

When GEEs were used to study the GFR-time
relationship, a modest but statistically significant
increase in median GFR with time was detected
(0.25mL/min/m? [95% CI 0.06, 0.45] every
6 months; p=0.01) but there were no significant
associations between GFR and baseline age, sex
or CD4+ T-cell count (coefficients not shown)
[figure 1]. A clinically relevant reduction in GFR
to 42mL/min/m? (compared with slightly above
60 mL/min/m? at baseline) and a clinically rel-
evant increase in serum creatinine to 1.58 mg/dL
(compared with 0.9 mg/dL at baseline, i.e. a grade [
increase) was detected on only one occasion
(month 42) in an undernourished 19-year-old fe-
male patient (BMI Z-score —1.8). The patient
continued on the same therapy and had a spon-
taneous return of GFR to baseline values
(59 mg/dL at month 48, 75mg/dL at month 54
and 68 mg/dL at month 60).

Moreover, none of the patients had hypo-
phosphataemia and TmPO,/GFR was stable
(figure 2). TmPO,/GFR was significantly asso-
ciated with baseline age and CD4+ T-cell count
but not sex (coefficients not shown), but these
associations explained only a very modest por-
tion of its variation over time. The relationship
between TmPO,/GFR and baseline age was

Clin Drug Investig 2011; 31 (6)
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Table I. Demographic details of the study population at baseline and at the ten follow-up visits

Variable Follow-up visit (mo)

0 6 12 18 24 30 36 42 48 54 60

M | M | M | M | M | M | M | M | M | M | M |
Age (y) 130 6.7 135 67 140 6.7 145 66 152 65 155 65 161 66 166 66 171 6.6 174 66 180 6.6
Weight (kg) 455 30.8 47.0 30.8 495 285 492 294 51.0 282 48.7 243 49.7 238 520 20.6 53.0 142 520 170 519 1338
Weight (Z-score?) -0.10 1.39 -0.19 1.39 -0.24 1.65 -0.17 1.60 -0.31 1.57 -0.25 1.68 -0.30 1.52 -0.47 159 -0.40 1.34 -0.45 1.39 -0.58 1.11
Height (m) 154 037 155 034 155 032 156 028 158 025 158 022 158 0.18 160 0.19 162 0.14 1.62 0.15 1.63 0.13
Height (Z-score?) -0.02 1.10 -0.01 1.32 -0.10 1.38 -0.13 1.04 -0.24 1.37 -0.20 1.55 -0.11 1.50 -0.62 1.54 -0.07 1.60 -0.08 1.40 -0.05 1.21
BMI (kg/m?) 183 47 179 54 183 48 182 44 190 48 191 42 195 48 201 31 205 27 200 32 202 26
BMI (Z-score®) -0.36 1.36 -0.31 1.31 -0.29 152 -0.27 1.47 -0.14 160 -0.16 1.64 -0.12 1.67 -0.02 1.26 -0.19 1.09 -0.26 1.57 -0.30 0.90
CD4+ T-cells (cellshmm®) 802 378 719 327 765 320 792 548 840 453 850 421 801 360 714 335 731 551 660 327 750 315
CD4+ T-cells (%) 35 9 37 9 35 6 35 9 38 9 36 12 36 10 36 11 36 13 36 9 37 8
Creatinine (mg/dL) 0.5 02 0.7 03 0.7 03 0.7 0.3 0.7 0.3 06 03 0.7 02 07 02 07 02 07 03 07 02
GFR (mL/min/m?3) 100 15 98 23 99 20 99 13 104 22 109 29 104 39 104 37 102 29 110 29 103 27
Urine protein to 0.10 0.09 0.10 0.07 0.09 0.12 0.00 0.00 0.13 0.07 0.12 0.10 0.10 0.05 0.10 0.09 0.11 0.06 0.10 0.11 0.11 0.09
creatinine ratio
o4-microglobulin to 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 0.01 001 0.01 001 0.01 001 0.01 001 0.01
creatinine ratio
Serum phosphate 4.6 0.8 4.7 1.0 46 12 43 1.3 44 1.3 43 1.2 4.0 1.3 44 09 42 1.0 3.9 1.0 4.0 1.2
(mgydL)
Urine phosphate (mg/dL) 48.7 43.7 40.6 414 556 41.2 658 515 835 325 59.0 540 735 60.0 66.0 455 92.0 88.0 73.0 46.0 84.5 68.0
TmPO,/GFR (mg/dL) 4.4 09 44 1.0 441 1.3 4.0 1.5 338 1.3 338 1.1 37 1.2 441 1.1 38 09 37 1.0 35 1.3
Urine glucose (mg/dL) 25 19.0 3.0 5.0 6.0 16.0 20.0 0.0 20.0 00 200 0.0 200 12.0 55 90 70 40 55 70 70 5.0

a Also known as standard deviation score.

BMI =body mass index; GFR = glomerular filtration rate; | =interquartile range (difference between the 75th and 25th percentiles); M =median; TmPO,4=maximum tubular phosphate

reabsorption.
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Fig. 1. First degree fractional polynomials for the changes in median glomerular filtration rate (GFR) over time (a) and effects of baseline age
(b), sex (c) and baseline CD4+ T-cell count (d) on GFR. The values in parenthesis above each figure represent the power of the fractional
polynomial; power 1 symbolizes a linear relationship. The grey bands are 95% confidence intervals.

expected from prior studies.[*! The urine protein
to creatinine ratio remained within normal limits
for the entire duration of the follow-up period in
all patients. Lastly, the urine o;-microglobulin to
creatinine ratio and glycosuria also remained
within normal limits over the entire study.

Discussion

We extended an earlier 24-month study!'?! by
evaluating the 60-month renal safety of TDF in
26 HIV-infected children, adolescents and young
adults who switched from a CART based on la-
mivudine, stavudine and one PI to one in which
the PI was replaced by efavirenz and stavudine by
TDF. As before,['” we found no evidence of renal
toxicity except for a single decrease in GFR in
a female patient whose GFR spontaneously re-
turned to baseline values.

Although our study is one of the longest per-
formed to date, it is not without limitations. First,
our cohort of patients was small (n=26), as is to
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be expected from a single-centre study. However,
the power to model the outcome-time relation-
ships was substantial owing to the large number
of time points at which evaluations took place.
Moreover, only two patients missed a follow-up
visit and the frequency and pattern of missing
visits allowed us to analyse missing data under
the assumption of MAR. Second, our patients
were not being treated with drugs with known
nephrotoxic effects such as lopinavir/ritonavir
and didanosine, which meant that a direct com-
parison of our findings with those of other studies
employing these drugs is not possible.[%27-291 This
is important as there is increasing evidence that
these drugs predispose to TDF-related neph-
rotoxicity. Third, we studied only Caucasian
subjects, which meant we were not able to test
the contribution of ethnicity to TDF-associated
toxicity.l3

Sporadic cases of reduced GFR, hypo-
phosphataemia, glycosuria and Fanconi’s syn-
drome have been reported in HIV-infected adults

Clin Drug Investig 2011; 31 (6)
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Fig. 2. Second degree fractional polynomials for the changes in the ratio of the maximum tubular phosphate reabsorption to the glomerular
filtration rate (TmPO,/GFR) over time (a) and the effects of baseline age (b) and CD4+ T-cell count (¢) and first degree fractional polynomial for
the effect of sex (d) on TmPO,/GFR. The values in parenthesis above each figure represent the powers of the fractional polynomial; power 1
symbolizes a linear relationship. The grey bands are 95% confidence intervals.

treated with TDF.2 However, clinical trials com-
paring CARTs including TDF with CARTs not
including TDF have generally shown similar
renal safety profiles.'’-18:31.321  HIV-infected
adults with normal or mildly compromised renal
function have a very low (1%) incidence of TDF-
related nephrotoxicity.?!) Hypophosphataemia
and reduced GFR are likewise infrequent in stu-
dies comparing TDF with other nucleoside ana-
logues.?”311 TDF-associated nephrotoxicity may
be triggered by pre-existing co-morbidities, older
age and concomitant use of ritonavir-boosted PIs
and didanosine.?3 These data have been confirmed
by a recent systematic review that concluded that,
although TDF use is associated with a statisti-
cally significant loss of renal function, the clinical
magnitude of this effect is modest and there is no
need to restrict TDF use when the regular mon-
itoring of renal function is not feasible.[*]
Proximal tubular dysfunction and other neph-
rotoxic effects have been reported in HIV-
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infected children treated with TDF, especially in
association with didanosine and lopinavir/
ritonavir.[027-291 A recent study detected adverse
renal events in five out of 159 children exposed to
TDF,33 with four of the events occurring in
patients treated with high doses of didanosine or
with an overdosage of lopinavir/ritonavir or
TDF. A recent 72-month cohort study has shown
the persistence of at least one renal abnormality
in 22% of 2102 HIV-infected children.’ Ele-
vated serum creatinine (18%) was more common
than proteinuria (15%), and children aged
>6 years, Blacks and Hispanics were at greater
risk of renal dysfunction. Moreover, subjects
treated with TDF or indinavir had a 2-fold
greater risk and children aged <12 years treated
with TDF had a 3-fold greater risk of developing
renal abnormalities. As no information on TDF
dosage was provided, the possibility that the in-
creased risk of renal dysfunction might have been
due to TDF overdosage cannot be excluded.

Clin Drug Investig 2011; 31 (6)



Long-Term Renal Safety of Tenofovir Disoproxil Fumarate

413

Our patients had a urine protein to creatinine
ratio within normal limits for the entire duration
of the follow-up period. However, this test does
not detect tubular dysfunction. Urine enzymes
and low-molecular-weight proteins have been
proposed as early markers of tubular dysfunc-
tion. Among the proteins that escape reabsorp-
tion when proximal tubular cells are damaged,
a;-microglobulin and B,-microglobulin are easily
quantifiable in urine specimens and their mea-
surement is established in clinical practice.[3¥
A recent study reported high values of urine
B,-microglobulin in HIV-infected children treat-
ed for 13 months with TDF.’! We measured
o-microglobulin in the present study because it is
more stable than B,-microglobulin to changes in
urine pH.[*® Using this sensitive marker, we were
nonetheless unable to detect any change in prox-
imal tubular function. Urine glucose, another mar-
ker of proximal tubular function, also remained
within normal limits for the duration of the study.

Hypophosphataemia is another useful marker
of proximal tubular dysfunction. In a recent study
of HIV-infected adults, hypophosphataemia had
a similar incidence in patients treated with
stavudine/lamivudine/efavirenz as in those treat-
ed with TDF/lamivudine/efavirenz.['® Different
degrees of hypophosphataemia secondary to
proximal tubular damage and Fanconi’s syn-
drome have been reported in HIV-infected adults
treated with TDF.B71 The incidence of grade 2
hypophosphataemial®!! was 4% in a recent study
of HIV-infected children treated with TDF and
followed up for 9 years.’® Hypophosphataemia
occurred at a median of 18 months after the ini-
tiation of TDF and was generally reversible fol-
lowing TDF withdrawal. However, none of our
patients had hypophosphataemia during the follow-
up period and no significant change in TmPO,/
GFR over time was observed.

A comparison of our study with the available
paediatric studies suggests at least two reasons for
our very positive findings. First, as discussed above,
none of our patients was receiving lopinavir/
ritonavir or didanosine.l27-?°1 Second, our pa-
tients had prolonged viral suppression and good
and persistent immune reconstitution. This is im-
portant in view of the fact that HI'V can invade the
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kidney and replicate inside the glomeruli and tu-
bules.[?) Moreover, a recent study reported an in-
creased GFR in HIV-infected adults treated with
TDF after achievement of viral suppression.[*)
On the other hand, control of viraemia was
achieved in a minority of patients in most studies
of TDF toxicity. Also of interest are the results of
the DART (Development of Antiretroviral Ther-
apy in Africa) trial, performed in a cohort of HIV-
infected adults with low CD4+ T-cell counts whose
renal function actually improved during CART. "]

Conclusion

In our 60-month follow-up study of vertically
HIV-infected children, adolescents and young
adults, TDF, while maintaining viral suppression
and stable CD4+ T-cell counts, demonstrated an
excellent renal safety profile. Over the entire study
period, median GFR increased slightly, although
statistically significantly, but no associations be-
tween GFR and baseline age, sex or CD4+ T-cell
count were observed. A moderate reduction in
GFR was observed only once in an underweight
19-year-old female patient. The urine protein to
creatinine ratio remained within normal limits for
the entire duration of the follow-up period in all
patients. Proximal tubular function, as assessed
by measurement of urine glucose, urine o,-micro-
globulin to creatinine ratio, serum phosphate and
TmPO,/GFR, also remained stable and within
normal limits during the entire study period.
Longer follow-up is needed to detect whether any
adverse effects, including renal dysfunction, can
arise from long-term use of TDF.
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