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Overview

• Chronic kidney disease in HIV+ patients 

• ART/renal toxicity (TDF and ATV)

• ART/inhibition of creatinine secretion

• TAF



Chronic Kidney Disease (CKD) in HIV+ patients

• HIV-associated kidney disease
• HIV-associated nephropathy (HIVAN)
• Immune complex kidney disease (HIVICK)
• Thrombotic microangiopathy (TMA)

• Non-HIV associated aetiologies
• CKD related to HPT, DM, cardiovascular/urological disease
• CKD related to exposure to non-ARV drugs
• IgA nephropathy
• Amyloidosis

• Variable  reduction in eGFR
• Variable severity of proteinuria

• HIV implicated in the pathogenesis
• More common in HIV
• Associated with low CD4 / high VL
• Responsive to ART
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• HIV-associated nephropathy (HIVAN)
• Immune complex kidney disease (HIVICK)
• Thrombotic microangiopathy (TMA)

• Non-HIV associated aetiologies
• CKD related to HPT, DM, cardiovascular/urological disease
• CKD related to exposure to ARV and non-ARV drugs
• IgA nephropathy
• Amyloidosis

• Variable  reduction in eGFR
• Variable severity of proteinuria



Factors associated with CKD in the EuroSIDA cohort

Mocroft et al. AIDS 2010



Reduced eGFR, albuminuria, 
and (cardiovascular) mortality

Lancet 2010; 375: 2073



CKD progression to death/ESKD

CKD 2
(eGFR 60-89)

CKD 3
(eGFR 30-59)

CKD 4
(eGFR 15-29)

ESKD: 1.1%

Death: 19.5%

ESKD: 1.3%

Death: 24.3%

ESKD: 19.9%

Death: 45.7%

Proportion alive:

79.4%

74.4%

34.4%

N=27,998 with eGFR <90 for >3 months
Median FU: 66 months

Keith DS et al. Arch Intern Med 2004:164:659–63



Factors associated with CKD in the EuroSIDA cohort

Mocroft et al. AIDS 2010



ARV’s and the kidney: 
Treatment-limiting renal toxicity
Antiretroviral  drug(s) Alteration of renal function 

(not treatment-limiting)
Treatment-limiting renal toxicity

Tenofovir DF Renal tubular dysfunction
Rapid eGFR decline 
Proteinuria 
Chronic kidney disease

Acute kidney injury 
Tubulo-interstitial nephritis 
Renal tubular disease/Fanconi syndrome 
CKD with progressive eGFR decline

Ritonavir/atazanavir Inhib. of creatinine secretion
Renal tubular dysfunction
Rapid eGFR decline
Chronic kidney disease 

Acute kidney injury (rare) 
Tubulo-interstitial nephritis 
Nephrolithiasis 

Cobicistat/elvitegravir
(TDF/FTC)

Inhib. of creatinine secretion AKI 
Renal tubular disease/Fanconi syndrome 

Cobicistat/atazanavir
(TDF/FTC)

Inhib. of creatinine secretion AKI 
Renal tubular disease/Fanconi syndrome 

Rilpivirine Inhib. of creatinine secretion None reported
Raltegravir Inhib. of creatinine secretion? None reported

Ritonavir/lopinavir Chronic kidney disease Nephrolithiasis 
Ritonavir/darunavir Crystalluria Nephrolithiasis 

AIDS 2014; 28: 621-32

• Tenofovir (TDF)
• Acute tubular injury
• Fanconi syndrome

• Atazanavir
• Nephrolithiasis
• Interstitial nephritis



Case of acute tubular injury and 
Fanconi syndrome with tenofovir (TDF)

AIDS 2016, in press



AIDS Res Treat 2011; 2011: 354908

Tenofovir: Renal tubular toxicity

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=3119412_ART2011-354908.002.jpg
http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=3119412_ART2011-354908.002.jpg


Renal tubular disease: associations with ART

AIDS 2015; 29: 1831-6



Risk factors for severe TDF-associated Renal 
Tubulopathy

• 15983 subjects received TDF for >4 weeks between Oct 2002-July 2013 

• 69 (0.4%) developed tubulopathy (PT: n=52; ATI: n=17) after a median (IQR) of 43 
(26, 67) months of TDF exposure

• At RT diagnosis, 83% were taking ritonavir-boosted PI
• 44% lopinavir, 35% atazanavir, 16% darunavir, 5% other 

Hamzah et al, CROI 2016 (poster #683)



Atazanavir and kidney stones

Clin Infect Dis 2012; 55: 1262-9
PLoS One  2013; 8: e77268

http://cid.oxfordjournals.org/content/55/9/1262/F2.large.jpg
http://cid.oxfordjournals.org/content/55/9/1262/F2.large.jpg
http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=3795077_pone.0077268.g002.jpg
http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=3795077_pone.0077268.g002.jpg


ATV and interstitial nephritis

N Engl J Med 2006; 355:2158, AIDS 2006; 20:2131, AIDS 2007; 21:1060, AIDS 2007; 21:1215, AIDS 2007; 21:2357
Virchows Arch 2007; 450: 665, Antiviral Ther 2011; 16: 119, Am J Kid Dis 2004; 44: e81, AIDS 2011; 25: 1671-3; PLoS One 2015; 10: e0123670

C&W cohort

• 42% of C&W patients who developed stones had eGFR 
<60 at baseline

Italian cohort

• Stone formers had higher ATV concentrations (1098 
vs. 218 ng/mL)



Tubulo-interstitial nephritis: 
ARV’s are an infrequent cause

AIDS 2015; 29: 1831-6



ARV’s associated with rapid eGFR decline 
in the VA cohort

Scherzer et al, AIDS 2012



eGFR slopes in patients who discontinued TDF

JID 2014; 210: 363-373



ARV’s and the kidney: 
Alteration of renal function
Antiretroviral  drug(s) Alteration of renal function 

(not treatment-limiting)
Treatment-limiting renal disease

Tenofovir DF Renal tubular dysfunction
Rapid eGFR decline 
Proteinuria 
Chronic kidney disease

Acute kidney injury 
Tubulo-interstitial nephritis 
Renal tubular disease/Fanconi syndrome 
CKD with progressive eGFR decline

Ritonavir/atazanavir Inhib. of creatinine secretion
Renal tubular dysfunction
Rapid eGFR decline
Chronic kidney disease 

Acute kidney injury (rare) 
Tubulo-interstitial nephritis 
Nephrolithiasis 

Cobicistat/elvitegravir
(TDF/FTC)

Inhib. of creatinine secretion AKI 
Renal tubular disease/Fanconi syndrome 

Cobicistat/atazanavir
(TDF/FTC)

Inhib. of creatinine secretion AKI 
Renal tubular disease/Fanconi syndrome 

Rilpivirine Inhib. of creatinine secretion None reported
Raltegravir Inhib. of creatinine secretion? None reported

Ritonavir/lopinavir Chronic kidney disease Nephrolithiasis 
Ritonavir/darunavir Crystalluria Nephrolithiasis 

AIDS 2014; 28: 621-32

• Inhibition of creatinine secretion



Changes in creatinine clearance with 
RTV/ATV and Cobi/EVG

Lancet Inf Dis 2013; 13: 927-35, Lancet 2012; 379: 2429-38



Effects of ART on creatinine clearance

*

AIDS 2014; 28: 621-32

Not associated with (worsening) proteinuria, haematuria or glycosuria



Cobicistat, ritonavir, rilpivirine and dolutegravir 
inhibit tubular secretion of creatinine

AIDS 2014; 28: 621-32



90% less TFV in plasma

Tenofovir alafenamide (TAF)

TAF is not a substrate for renal tubular transporters: 
Use of TAF results in greatly reduced TFV exposure to kidneys and bone



Comparison of ECF-TAF vs. ECF-TDF in ART-naïve 
patients (GS-0104/0111) 

1733 patients



104/111 studies: Tenofovir alafenamide (TAF) 
has no effect on renal tubular function

Lancet 2015;385:2606-15

TAF vs. TDF: P<0.0001 for each biomarker



104/111 studies: Tenofovir alafenamide (TAF) 
has no effect on renal tubular function

CROI 2016 (poster 682)

TAF vs. TDF: P<0.0001 for each biomarker

ECF-TAF ECF-TDF P value

Acute kidney injury 3 11 0.06

Chronic kidney disease
(albuminuria or eGFR <60)

3 17

Renal discontinuations 0 6 0.03



104/111 studies: Effects of TAF vs. TDF on renal 
tubular function (stratified by D:A:D CKD risk score)

CROI 2016 (poster 681)



Study 112: Safety of Genvoya in patients with 
renal impairment

JAIDS, in press



JAIDS, in press

Patient characteristics
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Switching from TDF to Genvoya improved tubular 
proteinuria



GS-0112: ECF-TAF switch in patients with renal 
impairment

CROI 2016 (poster 680)



Summary 

• The incidence of CKD increases as HIV+ patients age

• CKD is an important CVD risk factor and affects ARV 
choice

• TDF and ATV may cause renal injury and are best 
avoided in patient with, or at risk of, CKD

• Several ARV’s may inhibit creatinine secretion

• TAF is a new treatment option for patients with mild-
moderate renal impairment


