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Abstract

Purpose of review—With continued improvements to the antiviral efficacy and tolerability of
antiretroviral therapy (ART), long term safety of ART has become paramount. Low bone mineral
density and fragility fractures are more common in HIV-infected individuals than in the general
population. The aims of this review are to describe potential mechanisms underlying the adverse
effects of tenofovir on bone, clinical studies of tenofovir disoproxil fumarate (TDF) and bone, and
more recent bone data on tenofovir alafenamide (TAF).

Recent finding—Several studies have demonstrated an approximately 1-3% greater bone
mineral density loss with TDF compared with other agents. Recent studies with TAF have shown
improved bone (and renal) safety with similar virologic efficacy when compared to TDF.

Summary—Given these findings, TDF-containing regimens may be gradually replaced with non-
TDF containing regimens for the treatment of HIV infection, especially in those at higher risk for
fragility fracture.
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Introduction

Low bone mineral density (BMD), consistent with a diagnosis of osteopenia or osteoporosis,
occurs in 40-90% of HIV-infected individuals (1). A meta-analysis reported a 60%
increased fracture risk in HIV-infected individuals when compared to uninfected individuals
(2). Fragility fractures are expected to become more common as the age of HIV-infected
individuals continues to increase.

The etiology of low BMD in HIV infection is multifactorial (3, 4), but antiretroviral toxicity,
in particular from tenofovir disoproxil fumarate (TDF), contributes significantly. More
rarely, TDF use can lead to osteomalacia. With the availability of several well-tolerated and
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potent antiretroviral regimens, understanding and reducing long-term toxicities of
antiretroviral agents has become increasingly important in optimizing the care of HIV-
infected individuals.

The aim of this review is to describe the mechanisms underlying the adverse effects of
tenofovir (TFV) on bone, clinical studies evaluating TDF’s effect on bone, and more recent
bone data with tenofovir alafenamide (TAF).

Potential Mechanisms of Tenofovir Toxicity in Bone

While reductions in BMD occur at antiretroviral therapy (ART) initiation irrespective of
regimen, the magnitude of reductions are greater with TDF-containing regimens, suggesting
that TDF has an effect on bone independent of host, viral and immunologic factors. Whether
this negative effect on bone is direct (drug effect on osteoclasts and/or osteoblasts) and/or
indirect (drug effect on the proximal renal tubule and/or vitamin D metabolism) is not
entirely clear.

Direct Effect of TDF on Bone

Data implicating TDF exposure with bone pathology are limited. /n vitro studies have
demonstrated altered expression of genes involved in cell signaling, energy and amino acid
metabolism in osteoclasts and osteoblasts exposed to physiological doses of TFV (5, 6).
TFV exposure resulted in abnormal calcium deposition in a study utilizing a sarcoma cell
line (7). The generalizability and applicability of these findings to HIV-infected individuals
are unknown but warrant further research.

Indirect Effects of TDF on Bone via Renal/Endocrine Systems

TFV is eliminated by glomerular filtration and active proximal tubule secretion. Animal
studies have demonstrated mitochondrial dysfunction and tubular toxicity after TFV
exposure, albeit at supra-therapeutic TFV levels (8, 9).

Severe proximal tubulopathy, Fanconi’s Syndrome, was first reported in temporal
association with TDF in 2002 (10) but is rare. In its most severe form, it is characterized by
bicarbonate and phosphate wasting leading to osteomalacia and bone pain. Cross-sectional
studies have reported the prevalence of TDF-associated tubulopathy, as defined by the
presence of at least two relevant laboratory criteria, at 17-22% (11), but post-marketing
surveillance reported severe renal impairment and tubulopathy in association TDF use was
uncommon with rates of <0.6% and 0.1%, respectively (12).

Sub-clinical tubulopathy may be a key factor in TDF-driven reductions in BMD. Retinol-
binding protein (RBP) and f2-microglobulin are markers of proximal tubule dysfunction that
have been shown to be more frequently elevated in those on TDF-containing ART in cross-
sectional and prospective studies (13, 14). While the long-term consequences of sub-clinical
tubulopathy are unknown, an elevated RBP/creatinine ratio has been independently
associated with lower lumbar spine BMD in those on TDF-containing ART in one recent
study (15).
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While the hypothesis of TDF-driven sub-clinical tubulopathy leading to bone pathology is
compelling, there are data gaps. Most importantly, the renal hypothesis does not explain the
characteristic dynamics of BMD change observed with TDF use. Once tubular dysfunction
develops on TDF it generally persists, but BMD loss with TDF-containing regimens is
greatest during the first year of ART with subsequent stabilization. Long term TDF does not
seem to drive continued BMD loss (16-18).

Perhaps compounding the effect of proximal tubulopathy on bone metabolism, TDF may
affect vitamin D metabolism directly driving a state of sustained hyperparathyroidism and
increased bone turnover. Parathyroid hormone (PTH) levels become elevated early after
initiation of TDF (19). Increases in PTH levels are greater in those with vitamin D
deficiency (19, 20) but also occur in those with adequate (25-hydroxy) vitamin D levels (21).
In subjects on stable TDF-containing ART, higher plasma TDF levels have been associated
with higher levels of vitamin D binding receptor leading to lower free (biologically active)
1,25-hydroxy-vitamin D. This novel finding of “functional” vitamin D deficiency may drive
secondary hyperparathyroidism in those on TDF-containing ART (22). Furthermore, there
may be a therapeutic role for vitamin D3 supplementation at initiation of TDF-containing
ART; supplementation with vitamin D3 attenuates increases in PTH (21) and reductions in
BMD (23).

Tenofovir Disoproxil Fumarate: Clinical Data

TDF was FDA-approved in 2001. The principal advantage of TDF over older nucleos(t)ide
reverse transcriptor inhibitors (NRTIs) such as stavudine and zidovudine was reduced
mitochondrial toxicity, resulting in lower rates of lipoatrophy and peripheral neuropathy.
However, the bone toxicity seen with TDF was apparent in early clinical studies of TDF
(24).

TDF and Bone Mineral Density: Treatment-naive Studies

Table 1 displays randomized studies in treatment-naive individuals that have compared
BMD changes with TDF-containing vs. non-TDF-containing regimens (24-33). The results
of the various studies that have compared TDF to non-TDF-non-TAF comparators have been
generally consistent despite that the studies assessed BMD changes at various time points
between 48 and 144 weeks after ART initiation. Summarizing across studies, TDF-
containing regimens lead to an approximately 1-3% greater BMD loss compared to non-
TDF containing regimens. The magnitude of TDF’s negative effect on BMD is similar to
what has been reported with emtricitabine (FTC)/TDF in HIV-uninfected individuals in pre-
exposure prophylaxis studies (34, 35).

Increased bone turnover marker levels have been noted soon after the initiation of TDF-
containing ART (29), translating into increased BMD loss by 24 weeks (25). Individuals on
TDF-containing ART have been shown to have increased bone turnover marker levels
compared to those individuals on non-TDF-containing ART through at least 144 weeks after
ART initiation (34). However, as mentioned above, studies with extended follow-up in
individuals on TDF-containing regimens do not appear to show additional BMD loss with
TDF, outside the 1-3% BMD loss that occurs early after ART initiation (16-18).
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TDF and Bone Mineral Density: Switch Studies

Table 2 displays switch studies that evaluated BMD change after switches from TDF to non-
TDF containing regimens (37-39). Prior to the recently reported TAF switch study (40;
described in a subsequent section in this review), the studies were small. The OsteoTDF
Study enrolled 54 participants on a TDF-containing regimen and randomized participants to
continuation of their TDF-containing regimen versus a switch from TDF to abacavir with
continuation of the rest of the background regimen (37). At 48 weeks, BMD change at both
the lumbar spine and hip was numerically greater in those randomized to the switch arm
versus continuation of the original TDF-containing regimen, but the differences were not
significant. The TROP Study was a single-arm study in which 37 virologically suppressed
individuals on an antiretroviral regimen containing a protease inhibitor and TDF had the
TDF component of their regimen switched to raltegravir (38). Forty-eight weeks after the
switch, individuals had a significant increase in BMD from baseline of 3.0% and 2.5% at the
lumbar spine and hip, respectively. Finally, the MIDAS Study randomized 64 individuals on
efavirenz/emtricitabine/TDF to continued therapy versus a switch to darunavir/ritonavir
monotherapy (39). At 48 weeks, individuals randomized to darunavir/ritonavir had a
statistically significant improvement in BMD at both the lumbar spine and femoral neck
compared to those individuals maintained on their baseline TDF-containing therapy
(Lumbar spine change: 0.0% vs. +2.6%; p<0.001; Femoral neck change: 0.0% vs. +2.9%,
p<0.001), suggesting that the BMD decrease with TDF initiation may be largely reversible.

TDF and Fractures

Several studies have evaluated the contribution of TDF to fracture risk in HIV-infected
individuals. Using the United States Veteran’s Affairs database, Bedimo and colleagues
found that TDF use was associated with a 12% increased risk of fragility fracture in the ART
era (41). However, there have been three studies that showed no significant increase in
fracture risk associated with TDF use. In a case-control study using administrative claims’
data from the United States, Mundy and colleagues found a protective effect of ART (vs. no
ART) on all-cause fracture (42). In this study, TDF-containing ART had a similarly
protective effect on all-cause fracture as ART that did not contain TDF. Evaluating data from
the Women'’s Interagency Health Study, Sharma and colleagues found no association
between TDF use and increased all-cause fracture (43). Yong and colleagues performed a
case-control study using data from a clinic in Australia and found no association between
TDF use and fragility fracture risk (44). It should be noted, however, that the latter two
studies were small with wide confidence intervals that could not exclude a clinically
meaningful effect of TDF on fracture risk.

TDF and Osteomalacia

As described above, some degree of proximal tubular dysfunction appears relatively
frequently in individuals on TDF-containing regimens. More complete proximal tubular
dysfunction with glucosuria, hyperaminoaciduria, and abnormal fractional excretion of
phosphate, uric acid, and f2-microglobulin is uncommon (45) and does not commonly lead
to a reduction in creatinine clearance (46). Similarly, classical Fanconi’s Syndrome, as
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characterized by osteomalacia and altered proximal tubular function, is uncommon with
TDF.

Osteomalacia occurs when hypophosphatemia leads to altered mineralization in regenerating
bone. There are numerous case reports describing TDF-associated Fanconi’s Syndrome and
osteomalacia (47-50). Many of the affected individuals were also receiving ritonavir-
boosted protease inhibitors, which raise TDF levels. Patients with osteomalacia typically
present with severe bone pain, often around the pelvic girdle. Whole-body bone scintigraphy
(or “bone scan”) shows increased activity around multiple joints with multiple hot spots,
suggesting pseudo-fractures. Osteomalacia has been reported to improve after
discontinuation of TDF (51).

Tenofovir Alafenamide: Clinical data

TAF is an alanine ester prodrug of TFV that is characterized by reduced systemic levels of
TFV, improved lympho-reticular cell permeability, and greater intracellular accumulation of
active drug TFV-diphosphate (TDF-pp) (52). Compared to TDF, plasma TFV levels after
oral administration of TAF are 90% lower, while intracellular concentrations of TFV are up
to 20-fold higher (53). Taken together, these characteristics suggested that TAF, as a
component of ART, might offer potent HIV viral suppression and reduced toxicity due to
lower systemic exposure of TFV. To date, there have been five published clinical trials
comparing TAF-containing vs. TDF-containing regimens, four treatment-naive studies
(Table 1) and one switch study (Table 2). TAF has been licensed to the global patent pool to
allow for generic manufacturing (54), but at this point it is not being produced by generic
manufacturers and is not routinely available in resource-limited settings.

TAF and Bone Mineral Density: Treatment-naive Studies

In general, data from clinical studies demonstrate non-inferior virologic and superior bone
(and renal) outcomes with TAF vs. TDF-containing regimens. A phase |1, placebo-controlled
study randomized 171 participants to elvitegravir (EVG)/cobicistat (COBI)/FTC/TAF versus
EVG/COBI/FTC/TDF (31). Participants were mostly young, male and Caucasian. Smaller
reductions in BMD were seen in those randomized to TAF at both the lumbar spine (-1.0%
vs —3.4%, p <0.001) and the hip (-0.6% vs. —2.4%, p <0.001) at 48 weeks. The TAF arm
(vs. the TDF arm) was also associated with significantly smaller increases in markers of
bone turnover.

Two phase 111, placebo-controlled studies with TAF enrolled larger and more diverse study
populations, including greater numbers of women and non-Caucasians, and reported very
similar BMD findings at the spine and hip as the earlier Phase 1l study (Table 1) (32).
Finally, the fourth published clinical trial compared FTC/TAF vs. FTC/TDF, both combined
with cobicistat-boosted darunavir (DRV/COBI) (33). Again, smaller reductions in BMD
were observed at both the lumbar spine (-1.6% vs —3.6%, p=0.003) and hip (-0.8% vs
-3.8%, p<0.001) in those randomized to the TAF arm.
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TAF and Bone Mineral Density: Switch Studies from TDF to TAF

A large open-label study (n=1443) randomized participants on a variety of TDF-containing
regimens to switch to EVG/COBI/FTC/TAF or to remain on their baseline TDF-containing
regimen (40). Participants in this study were slightly older compared to those enrolled in the
naive studies. There was a significantly greater percent BMD change in those randomized to
EVG/COBI/FTC/TAF compared to those continuing on their baseline regimen at both the
lumbar spine (+1.6% vs. —0.4%, p<0.001) and the hip (+1.5% vs. —0.3%, p<0.001).

Conclusion

TDF has been one of the most commonly used NRTI for many years given its virologic
efficacy and generally benign side effect profile. However, the reduction of BMD associated
with TDF is a limitation. The mechanistic basis for TDF’s effect on bone has not been fully
determined, whether it be due to direct bone toxicity or secondary to TDF’s effect on the
proximal tubule or PTH/vitamin D metabolism. TDF use results in a 1-3% increased BMD
loss compared to other NRTIs during the first year of ART. One study showed an association
between TDF use and fragility fractures. Several switch studies have demonstrated that the
BMD loss associated with TDF is largely reversible.

TAF appears to be an improvement over TDF in terms of bone safety, while not
compromising antiviral efficacy. However, long term data, including on fracture, are lacking.
There is no clear consensus on which individuals on TDF-containing ART should be
switched to a more “bone-friendly” regimen. Guidelines suggest that TDF should be avoided
in those at higher risk for fracture (i.e., those with a previous fragility fracture, osteoporosis,
or osteopenia and an elevated FRAX score) (55). In other HIV-infected individuals without
this increased risk including in children and adolescents who have not obtained peak bone
mass, clinical practice is evolving. Given the promising results from treatment-naive and
switch studies, many clinicians will likely replace TDF-containing regimens with non-TDF
containing regimens over time, potentially reducing long-term ART-associated bone toxicity.

Acknowledgments
None
Financial support and sponsorship
This work was supported by a grant from the National Institutes of Health [grant number K23A1108358].
Conflicts of interest
P.M.G. has received research support from Bristol-Myers Squibb, Gilead Sciences, Janssen Pharmaceuticals, and
Viiv Healthcare. A.G.C has received support in the form of sponsorship to attend meetings from Bristol-Myers
Squibb, Gilead Sciences and Janssen Pharmaceuticals.

References

1. Brown TT, McComsey GA, King MS, Qagish RB, Bernstein BM, da Silva BA. Loss of bone
mineral density after antiretroviral therapy initiation, independent of antiretroviral regimen. J Acquir
Immune Defic Syndr. 2009; 51(5):554-561. [PubMed: 19512937]

Curr Opin HIV AIDS. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grant and Cotter

10

11.

12.

13.

Page 7

. Shiau S, Broun EC, Arpadi SM, Yin MT. Incident fractures in HIV-infected individuals: a

systematic review and meta-analysis. AIDS. 2013; 27(12):1949-1957. [PubMed: 24126140]

. Grant PM, Kitch D, McComsey GA, Dube MP, Haubrich R, Huang J, et al. Low baseline CD4+

count is associated with greater bone mineral density loss after antiretroviral therapy initiation. Clin
Infect Dis. 2013; 57(10):1483-1488. [PubMed: 23943825]

. Cotter AG, Sabin CA, Simelane S, Macken A, Kavanagh E, Brady JJ, et al. Relative contribution of

HIV infection, demographics and body mass index to bone mineral density. AIDS. 2014; 28(14):
2051-2060. [PubMed: 25265073]

. Grigsby IF, Pham L, Mansky LM, Gopalakrishnan R, Carlson AE, Mansky KC. Tenofovir treatment

of primary osteoblasts alters gene expression profiles: implications for bone mineral density loss.
Biochem Biophys Res Commun. 2010; 394(1):48-53. [PubMed: 20171173]

. Grigshy IF, Pham L, Gopalakrishnan R, Mansky LM, Mansky KC. Downregulation of Gnas, Got2

and Snord32a following tenofovir exposure of primary osteoclasts. Biochem Biophys Res Commun.
2010; 391(3):1324-1329. [PubMed: 20026012]

. Esposito V, Perna A, Lucariello A, Carleo MA, Viglietti R, Sangiovanni V, et al. Different Impact Of

Antiretroviral Drugs On Bone Differentiation In An In Vitro Model. J Cell Biochem. 2015; 116(10):
2188-2194. [PubMed: 25808410]

. Van Rompay KK, Brignolo LL, Meyer DJ, Jerome C, Tarara R, Spinner A, et al. Biological effects

of short-term or prolonged administration of 9-[2-(phosphonomethoxy)propyl]adenine (tenofovir) to
newborn and infant rhesus macaques. Antimicrob Agents Chemother. 2004; 48(5):1469-1487.
[PubMed: 15105094]

. Lebrecht D, Venhoff AC, Kirschner J, Wiech T, Venhoff N, Walker UA. Mitochondrial tubulopathy

in tenofovir disoproxil fumarate-treated rats. J Acquir Immune Defic Syndr. 2009; 51(3):258-263.
[PubMed: 19582894]

. Verhelst D, Monge M, Meynard JL, Fouqueray B, Mougenot B, Girard PM, et al. Fanconi
syndrome and renal failure induced by tenofovir: a first case report. Am J Kidney Dis. 2002; 40(6):
1331-1333. [PubMed: 12460055]

Rodriguez-Novoa S, Labarga P, Soriano V, Egan D, Albalater M, Morello J, et al. Predictors of
kidney tubular dysfunction in HIV-infected patients treated with tenofovir: a pharmacogenetic
study. Clin Infect Dis. 2009; 48(11):e108—e116. [PubMed: 19400747]

Nelson MR, Katlama C, Montaner JS, Cooper DA, Gazzard B, Clotet B, et al. The safety of
tenofovir disoproxil fumarate for the treatment of HIV infection in adults: the first 4 years. AIDS.
2007; 21(10):1273-1281. [PubMed: 17545703]

Hall AM, Edwards SG, Lapsley M, Connolly JO, Chetty K, O'Farrell S, et al. Subclinical tubular
injury in HIV-infected individuals on antiretroviral therapy: a cross-sectional analysis. Am J
Kidney Dis. 2009; 54(6):1034-1042. [PubMed: 19783343]

14. Kinai E, Hanabusa H. Progressive renal tubular dysfunction associated with long-term use of

tenofovir DF. AIDS Res Hum Retroviruses. 2009; 25(4):387-394. [PubMed: 19361280]

15.
Hamzah L, Samarawickrama A, Campbell L, Pope M, Burling K, Walker-Bone K, et al. Effects of

renal tubular dysfunction on bone in tenofovir-exposed HIV-positive patients. AIDS. 2015; 29(14):
1785-1792. [PubMed: 26372384] Study implicates renal tubular dysfunction as a cause of low
bone mineral density associated with tenofovir disoproxil fumarate.

16. Madruga JR, Cassetti I, Suleiman JM, Etzel A, Zhong L, Holmes CB, et al. The safety and efficacy

of switching stavudine to tenofovir df in combination with lamivudine and efavirenz in hiv-1-
infected patients: three-year follow-up after switching therapy. HIV Clin Trials. 2007; 8(6):381—
390. [PubMed: 18042503]

17. Grant, P.; Kitch, D.; McComsey, G., et al. Long-term bone mineral density changes in

antiretroviral-treated HIV-infected individuals. IAS; 8th Conference on HIV Pathogenesis,
Treatment and Prevention; July 19-22, 2015; Vancouver. 2015. Abstract TUPDB0103

18. Cassetti IEA, Madruga JV, et al. The 10 year safety and efficacy of tenofovir disoproxil fumarate

(TDF)-containing once-daily highly active antiretroviral therapy (HAART). Journal of the
International AIDS Society. 2010; 13(Suppl 4):P86.

Curr Opin HIV AIDS. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grant and Cotter

19.

20.

21.

22.

23.

24.

25.

26.

Page 8

Masia M, Padilla S, Robledano C, Lopez N, Ramos JM, Gutierrez F. Early changes in parathyroid
hormone concentrations in HIV-infected patients initiating antiretroviral therapy with tenofovir.
AIDS Res Hum Retroviruses. 2012; 28(3):242-246. [PubMed: 21639815]

Childs KE, Fishman SL, Constable C, Gutierrez JA, Wyatt CM, Dieterich DT, et al. Short
communication: Inadequate vitamin D exacerbates parathyroid hormone elevations in tenofovir
users. AIDS Res Hum Retroviruses. 2010; 26(8):855-859. [PubMed: 20672993]

Havens PL, Stephensen CB, Hazra R, Flynn PM, Wilson CM, Rutledge B, et al. Vitamin D3
decreases parathyroid hormone in HIV-infected youth being treated with tenofovir: a randomized,
placebo-controlled trial. Clin Infect Dis. 2012; 54(7):1013-1025. [PubMed: 22267714]

Havens PL, Kiser JJ, Stephensen CB, Hazra R, Flynn PM, Wilson CM, et al. Association of higher
plasma vitamin D binding protein and lower free calcitriol levels with tenofovir disoproxil
fumarate use and plasma and intracellular tenofovir pharmacokinetics: cause of a functional
vitamin D deficiency? Antimicrob Agents Chemother. 2013; 57(11):5619-5628. [PubMed:
24002093]

Overton ET, Chan ES, Brown TT, Tebas P, McComsey GA, Melbourne KM, et al. Vitamin D and
Calcium Attenuate Bone Loss With Antiretroviral Therapy Initiation: A Randomized Trial. Ann
Intern Med. 2015; 162(12):815-824. [PubMed: 26075752]

Gallant JE, Staszewski S, Pozniak AL, DeJesus E, Suleiman JM, Miller MD, et al. Efficacy and
safety of tenofovir DF vs stavudine in combination therapy in antiretroviral-naive patients: a 3-
year randomized trial. JAMA. 2004; 292(2):191-201. [PubMed: 15249568]

McComsey GA, Kitch D, Daar ES, Tierney C, Jahed NC, Tebas P, et al. Bone mineral density and
fractures in antiretroviral-naive persons randomized to receive abacavir-lamivudine or tenofovir
disoproxil fumarate-emtricitabine along with efavirenz or atazanavir-ritonavir: Aids Clinical Trials
Group A5224s, a substudy of ACTG A5202. J Infect Dis. 2011; 203(12):1791-1801. [PubMed:
21606537]

Stellbrink HJ, Orkin C, Arribas JR, Compston J, Gerstoft J, Van Wijngaerden E, et al. Comparison
of changes in bone density and turnover with abacavir-lamivudine versus tenofovir-emtricitabine
in HIV-infected adults: 48-week results from the ASSERT study. Clin Infect Dis. 2010; 51(8):963-
972. [PubMed: 20828304]

27.
Bernardino JI, Mocroft A, Mallon PW, Wallet C, Gerstoft J, Russell C, et al. Bone mineral density and

28.

29.

30.

31.

inflammatory and bone biomarkers after darunavir-ritonavir combined with either raltegravir or
tenofovir-emtricitabine in antiretroviral-naive adults with HIV-1: a substudy of the NEAT001/
ANRS143 randomised trial. Lancet HIV. 2015; 2(11):e464—73. [PubMed: 26520926]
Randomized study showing minimal BMD loss with NRTI-sparing regimen.

Reynes J, Trinh R, Pulido F, Soto-Malave R, Gathe J, Qaqgish R, et al. Lopinavir/ritonavir
combined with raltegravir or tenofovir/emtricitabine in antiretroviral-naive subjects: 96-week
results of the PROGRESS study. AIDS Res Hum Retroviruses. 2013; 29(2):256-265. [PubMed:
22730929]

Bedimo RJ, Drechsler H, Jain M, Cutrell J, Zhang S, Li X, et al. The RADAR study: week 48
safety and efficacy of RAltegravir combined with boosted DARunavir compared to tenofovir/
emtricitabine combined with boosted darunavir in antiretroviral-naive patients. Impact on bone
health. PL0oS One. 2014; 9(8):e106221. [PubMed: 25170938]

Taiwo BO, Chan ES, Fichtenbaum CJ, Ribaudo H, Tsibris A, Klingman KL, et al. Less bone loss
With maraviroc- versus tenofovir-containing antiretroviral therapy in the AIDS Clinical Trials
Group A5303 Study. Clin Infect Dis. 2015; 61(7):1179-1188. [PubMed: 26060295]

Sax PE, Zolopa A, Brar |, Elion R, Ortiz R, Post F, et al. Tenofovir alafenamide vs. tenofovir

disoproxil fumarate in single tablet regimens for initial HIV-1 therapy: a randomized phase 2
study. J Acquir Immune Defic Syndr. 2014; 67(1):52-58. [PubMed: 24872136]

32.
Sax PE, Wohl D, Yin MT, Post F, DeJesus E, Saag M, et al. Tenofovir alafenamide versus tenofovir

disoproxil fumarate, coformulated with elvitegravir, cobicistat, and emtricitabine, for initial
treatment of HIV-1 infection: two randomised, double-blind, phase 3, non-inferiority trials. Lancet.

Curr Opin HIV AIDS. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grant and Cotter

Page 9

2015; 385(9987):2606—2615. [PubMed: 25890673] Phase 3 studies comparing EVG/
COBI/TDF/FTC vs. EVG/COBI/TAF/FTC showing limited BMD loss with TAF-containing
regimen. The loss in the TAF ARM is similar in magnitude to what is seen with NRTI-sparing
regimens.

33. Mills A, Crofoot G Jr, McDonald C, Shalit P, Flamm JA, Gathe J Jr, et al. Tenofovir Alafenamide
Versus Tenofovir Disoproxil Fumarate in the First Protease Inhibitor-Based Single-Tablet Regimen

for Initial HIV-1 Therapy: A Randomized Phase 2 Study. J Acquir Immune Defic Syndr. 2015;
69(4):439-445. [PubMed: 25867913]

34.

Mulligan K, Glidden DV, Anderson PL, Liu A, McMahan V, Gonzales P, et al. Effects of
Emtricitabine/Tenofovir on Bone Mineral Density in HIV-Negative Persons in a Randomized,
Double-Blind, Placebo-Controlled Trial. Clin Infect Dis. 2015; 61(4):572-580. [PubMed:
25908682] Data from pre-exposure prophylaxis studies showing independent negative effect of
TDF on BMD in HIV-uninfected individuals.

35. Kasonde M, Niska RW, Rose C, Henderson FL, Segolodi TM, Turner K, et al. Bone mineral
density changes among HIV-uninfected young adults in a randomised trial of pre-exposure

prophylaxis with tenofovir-emtricitabine or placebo in Botswana. PL0oS One. 2014; 9(3):e90111.
[PubMed: 24625530]

36.

Tebas P, Kumar P, Hicks C, Granier C, Wynne B, Min S, et al. Greater change in bone turnover
markers for efavirenz/emtricitabine/tenofovir disoproxil fumarate versus dolutegravir + abacavir/
lamivudine in antiretroviral therapy-naive adults over 144 weeks. AIDS. 2015; 29(18):2459-2464.
[PubMed: 26355674] Recent study showing decreased bone turnover with DTG/ABC/3TC vs.
EFV/TDF/FTC (no BMD data from this study).

37. Negredo E, Domingo P, Perez-Alvarez N, Gutierrez M, Mateo G, Puig J, et al. Improvement in
bone mineral density after switching from tenofovir to abacavir in HIV-1-infected patients with
low bone mineral density: two-centre randomized pilot study (OsteoTDF study). J Antimicrob
Chemother. 2014; 69(12):3368-3371. [PubMed: 25125679]

38. Bloch M, Tong WW, Hoy J, Baker D, Lee FJ, Richardson R, et al. Switch from tenofovir to
raltegravir increases low bone mineral density and decreases markers of bone turnover over 48
weeks. HIV Med. 2014; 15(6):373-380. [PubMed: 24460797]

39. Hamzah L, Tiraboschi JM, lveson H, Toby M, Mant C, Cason J, et al. Effects on vitamin D, bone
and the kidney of switching from fixed-dose tenofovir disoproxil fumarate/emtricitabine/efavirenz
to darunavir/ritonavir monotherapy: a randomized, controlled trial (MIDAS). Antivir Ther. 2015
epub ahead of print.

40.

Mills A, Arribas JR, Andrade-Villanueva J, DiPerri G, Van Lunzen J, Koenig E, et al. Switching from

tenofovir disoproxil fumarate to tenofovir alafenamide in antiretroviral regimens for virologically
suppressed adults with HIV-1 infection: a randomised, active-controlled, multicentre, open-label,
phase 3, non-inferiority study. Lancet Infect Dis. 2015 epub ahead of print. Large randomized
switch study showing significant BMD gains with switch from TDF to TAF- containing regimen.
41. Bedimo R, Maalouf NM, Zhang S, Drechsler H, Tebas P. Osteoporotic fracture risk associated with

cumulative exposure to tenofovir and other antiretroviral agents. AIDS. 2012; 26(7):825-831.
[PubMed: 22301411]

42. Mundy LM, Youk AO, McComsey GA, Bowlin SJ. Overall benefit of antiretroviral treatment on
the risk of fracture in HIV: nested case-control analysis in a health-insured population. AIDS.
2012; 26(9):1073-1082. [PubMed: 22301413]

43. Sharma A, Shi Q, Hoover DR, Anastos K, Tien PC, Young MA, et al. Increased Fracture Incidence
in Middle-Aged HIV-Infected and HIV-Uninfected Women: Updated Results From the Women's
Interagency HIV Study. J Acquir Immune Defic Syndr. 2015; 70(1):54-61. [PubMed: 26322667]

Curr Opin HIV AIDS. Author manuscript; available in PMC 2017 May 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grant and Cotter

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 10

Yong MK, Elliott JH, Woolley 1J, Hoy JF. Low CD4 count is associated with an increased risk of
fragility fracture in HIV-infected patients. J Acquir Immune Defic Syndr. 2011; 57(3):205-210.
[PubMed: 21522014]

Labarga P, Barreiro P, Martin-Carbonero L, Rodriguez-Novoa S, Solera C, Medrano J, et al.
Kidney tubular abnormalities in the absence of impaired glomerular function in HIV patients
treated with tenofovir. AIDS. 2009; 23(6):689-696. [PubMed: 19262355]

Gupta SK, Anderson AM, Ebrahimi R, Fralich T, Graham H, Scharen-Guivel V, et al. Fanconi
syndrome accompanied by renal function decline with tenofovir disoproxil fumarate: a
prospective, case-control study of predictors and resolution in HIV-infected patients. PLoS One.
2014; 9(3):€92717. [PubMed: 24651857]

Mateo L, Holgado S, Marinoso ML, Perez-Andres R, Bonjoch A, Romeu J, et al.
Hypophosphatemic osteomalacia induced by tenofovir in HIV-infected patients. Clin Rheumatol.
2014 epub ahead of print.

Woodward CL, Hall AM, Williams IG, Madge S, Copas A, Nair D, et al. Tenofovir-associated
renal and bone toxicity. HIV Med. 2009; 10(8):482-487. [PubMed: 19459988]

Quimby D, Brito MO. Fanconi syndrome associated with use of tenofovir in HIV-infected patients:
a case report and review of the literature. AIDS Read. 2005; 15(7):357-364. [PubMed: 16044577]
Parsonage MJ, Wilkins EG, Snowden N, Issa BG, Savage MW. The development of
hypophosphataemic osteomalacia with myopathy in two patients with HIV infection receiving
tenofovir therapy. HIV Med. 2005; 6(5):341-346. [PubMed: 16156882]

Lucey JM, Hsu P, Ziegler JB. Tenofovir-related Fanconi's syndrome and osteomalacia in a teenager
with HIV. BMJ Case Rep. 2013; 2013

Lee WA, He GX, Eisenberg E, Cihlar T, Swaminathan S, Mulato A, et al. Selective intracellular
activation of a novel prodrug of the human immunodeficiency virus reverse transcriptase inhibitor
tenofovir leads to preferential distribution and accumulation in lymphatic tissue. Antimicrob
Agents Chemother. 2005; 49(5):1898-1906. [PubMed: 15855512]

Ruane PJ, Delesus E, Berger D, Markowitz M, Bredeek UF, Callebaut C, et al. Antiviral activity,
safety, and pharmacokinetics/pharmacodynamics of tenofovir alafenamide as 10-day monotherapy
in HIV-1-positive adults. J Acquir Immune Defic Syndr. 2013; 63(4):449-455. [PubMed:
23807155]

Available at: http://www.medicinespatentpool.org/the-medicines-patent-pool-adds-new-sub-
licensing-agreements-to-improve-access-to-novel-arvs-in-developing-countries/.

Brown TT, Hoy J, Borderi M, Guaraldi G, Renjifo B, et al. Recommendations for evaluation and
management of bone disease in HIV. Clin Infect Dis. 2015; 60(8):1242-1251. [PubMed:
25609682]

Curr Opin HIV AIDS. Author manuscript; available in PMC 2017 May 01.


http://www.medicinespatentpool.org/the-medicines-patent-pool-adds-new-sub-licensing-agreements-to-improve-access-to-novel-arvs-in-developing-countries/
http://www.medicinespatentpool.org/the-medicines-patent-pool-adds-new-sub-licensing-agreements-to-improve-access-to-novel-arvs-in-developing-countries/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Grant and Cotter

Page 11

Key Points

«  Tenofovir disoproxil fumarate (TDF) use leads to a 1-3% greater bone mineral
density loss compared to other NRTIs during the first year of ART

» Inone study, TDF use was associated with increased fracture risk

e The mechanism of the increased BMD loss with TDF may be due to a direct
effect on bone, proximal tubule dysfunction, and/or altered vitamin D
metabolism

» Based on data from switch studies, the bone loss associated with TDF initiation
appears largely reversible

»  Tenofovir alafenamide appears to have limited, if any, bone toxicity and non-
TDF containing regimens may supplant TDF-containing regimens over time
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