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f N\
[ épidemiologie des néphropathies chez les patients infectes

par le VIH s'est considérablement modifiee...

Source; .Presse Med 2012
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Timeline of ARV approval

1987: Zidovudine
1991: Didanosine

1987: 15t NRTI Approved

1992: Zalcitabine

1994: Stavudine
1995: Lamivudine, Invirase®

1995: 15t PI

1996: Nevirapine, Ritonavir, Indinavir
1997: Delavirdine, Nelfinavir, Fortovase®

1996: 15t NNRTI

1998: Abacavir, Efavirenz
1999: Amprenavir
. Lopinavir/ritonavir

> Tenofovir

: T-20, Atazanavir, Emtricitabine,
Fosamprenavir

2003: 1st Fusion Inhibitor

: Tipranavir
2006: Darunavir
2007: Maraviroc




Stades Description (ml /mill);f‘JB m?)
I Maladie rénale avec DFG normal > 90
2 |Maladie renale avec faible baisse du DFG 60-89
3 Baisse modéree du DFG 30-59
4 Baisse sévere du DFG 15-29
5 Insuffisance rénale terminale < 15 ou dialyse

Classification K/DOQI selon le

DFG de llinsuffisance rénale chronique




Stade de protéinurie, description et valeurs
(mg/mg)
Evaluation du risque A1 A2 A3
par DFGe et protéinurie
(KDIGO 2009) Optimal et normal- e Tres haut et
haut . néphrotique
<0.01 0.01-0.029 | 0.03-0.29 0.3-1.99 22
> 105
Haut et
G1 optimal 90-10
4
75-89
G2 Moyen
DFGe, 60-74
stades,
description Moyen a :
et valeurs G3a modérée 45-59
Modéré a

G4 Sévere 15-29

G5 IRT <15

Source; http://nephrohug.com/201 | /1 1/0//proteinurie-aspects-pratiques/



http://nephrohug.com/2011/11/07/proteinurie-aspects-pratiques/
http://nephrohug.com/2011/11/07/proteinurie-aspects-pratiques/

Formule Cockroft-Gault
Nephron 1976

Equation MDRD
Ann Int Med 1999

Prediction Model

Best Fit

Stepwise Llnear Regression
Model

Response variable

24h urine creatinine clearance

23] |othalamate clearance

Validation

> 200 hospitalized male patients
with wide range of clearance
values

Approx. | 600 patients with CKD
and mean GFR
23 ml/min/1.73m?

Source: Gupta et coll. Cl

D 2005




Infectious Disease Society of America (IDSA)

Depistage systematique de l'insuffisance rénale chronique
au diagnostic de la maladie VIH par la recherche d'une
protéinurie a la bandelette urinaire et I'estimation du DFG.

Source; Gupta et coll. CID 2005




Infectious Disease Society of America (IDSA)

Ce bilan doit étre repété annuellement chez les patients

ISSUS de

bopulation noire, diabetique, hy

bertendus, co-infectés

par le virus de I'hépatite C dont les CD4 sont inférieurs a 200/
mm? ou la charge virale VIH est supérieure a 4000 copies/mL

Source; Gupta et coll. CID 2005




Infectious Disease Society of America (IDSA)

Evaluation nephrologique est recommandée en présence
d'une protéinurie d'une croix ou plus et/ou si le DFG est
inférieur a 60/ml/min/1.73 m?

Source; Gupta et coll. CID 2005




>50 30-49 10-29 <10
Didanosine (Videx®) 400 mg/24 h (> 60 kq) 200 mg/24 h 150 mg/24 h 100 mg/24 h 100 mg/24 h
250 mg/12 h (< 60 kqg) 150 mg/24 h 100 mg/24 h 75mg/24 h 75mg/24 h
Emtricitabine (Emtriva@) 200 mg/24 h 200 mg/48 h 200 mg/72 h 200 mg/4 jours 200 mgq fin séance
Lamivudine (Epivir™) 150 mg/12 h ou 150 mg/24 h Dose de charge de 150 mg puis 25 a 100 mg/24 h
300 mg/24 h
stavudine (Zerit™) 40 mg/12 h (> 60 kg) 20mg x 2/24 h 20 mg/24 h 20 mg/24 h 20 mg/24 h
30 mg/12 h (< 60 kq) 15mg x 2/24 h 15mg/24 h 15mg/24 h 15mg/24 h
Zidovudine (Retrovir®) 300 mg/12 h 300 mg/12 h 150 mg/12 h 150 mg/12 h 150 mg/12 h
Ténofovir (Vitead®) 300 mg/24 h 300 mg/48 h 300 mg/72 h 300 mq 1 fois
par semaine
Maraviroc (Celsentri®) Non évalué
+ |P/ritonavir 150 mg/24 h’ 150 mg/24 h 150 mg/24 h
+ Saquinavir /ritonavir 150 mg/24 h’ 150 mg/48 h 150 mg/72 h
Emtricitabine /Ténofovir 1¢p/24 h 1¢p/48 h Non recommandé
(Truvada®) Utiliser Emtriva™ et Viread™ séparément en adaptant
les posologies
Abacavir/Lamivudine 1¢p/24 h Non recommandé
(Kivexa®) Utiliser séparément abacavir (Ziagen®) et lEpivir® en adaptant les posologies d’IEpivir®
Névirapine (Viramune®) 400 mg/j 200 mg/j, fin séance
Nelfinavir (Viracept™) 1250 mg/j 1250 mg/j, fin séance

Source: Plaisier et coll. Presse Med 2012



Inhibiteurs des protéases

Indinavir

Nelfinavir /Saquinavir

Lopinavir

> | > | >xX | >X

Atazanavir

Ritonavir X

Amprenavir X

Inhibiteurs nucléos(t)idiques
de la transcriptase inverse

Didanosine

Abacavir X

Stavudine X

_renofovir | x v

Inhibiteurs non nucléosidiques
de la transcriptase inverse

Efavirenz X X

Nevirapine X

Source: Plaisier et coll. Presse Med 2012



Proximal Tubule Fanconi's Syndrome
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B ORIGINAL CONTRIBUTION

Efficacy and Safety of Adefovir Dipivoxil

With Antiretroviral Therapy
A Randomized Controlled Trial

Source: Kahn et coll. JAMA 1999
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Conclusion

This study suggests that once-daily adetovir | | 20 mg]
therapy reduces HIV RNA and Is active against isolates
resistant to lamivudine or lamivudine and zidovudine.
Nephrotoxicity occured when treatment extended
beyond 24 weeks but was reversible.

Source: Kahn et coll. JAMA 1999



Tenofovir
Viread®, Truvada®, Atripla®




S ORIGINAL CONTRIBUTION

Efficacy and Safety of Tenofovir DF
vs Stavudine in Combination Therapy

in Antiretroviral-Naive Patients
A 3-Year Randomized Trial

Source: Gallant et coll. JAMA 2004



Comment

[here have been case reports of renal toxicity in
patients with antiretroviral regimens containing tenofovir DF,

However, through 3 years in this study In

datients with normal

renal function at baseline, the renal safety profile was
similar between the tenofovir DF and stavudine groups.

Source: Gallant et coll. JAMA 2004



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Tenofovir DF, Emtricitabine, and Efavirenz vs.
Zidovudine, Lamivudine, and Efavirenz for HIV

Joel E. Gallant, M.D., M.P.H., Edwin DeJesus, M.D., José R. Arribas, M.D.,
Anton L. Pozniak, M.D., Brian Gazzard, M.D., Rafael E. Campo, M.D., Biao Lu, Ph.D.,
Damian McColl, Ph.D., Steven Chuck, M.D., Jeffrey Enejosa, M.D.,

John J. Toole, M.D., Ph.D., and Andrew K. Cheng, M.D., Ph.D.,
for the Study 934 Group*

Source:; Gallant et coll N Eng| | Med 2006




Safety and tolerability

We closely followed markers of renal function. |[...]
[ here were no cases of Fanconi’s syndrome.

Source:; Gallant et coll N Eng| | Med 2006



Pourtant dans la vraie vie...

Fanconi syndrome and renal fallure induced by tenofovir:

A first case report

Source: Verhelst et coll. Am | Kidney Dis 2002




Case report

aboratory results showed elevated serum creatinine |94 mcmol/L, and urea

levels 6 mmol/L], decreased bicarbonate level (|14 mkag/L) with normal

anion gap, hypokaliema (2.9 m

Ser
Was

~g/L), and hypophosphatemia 0.43 mmol/L.

um protein concentration was unchanged /9 g/L. In a urine sample, sodium

8 m

-a/L, potassiu

L. Urinalysis results s

Mm |2 m

—a/L, urea 50.6 mmol/L, and creatinine .6 mcmol/

nowed a proteinuria (2 g/d) containing only 30% of

albumin.

Source: Verhelst et coll. Am | Kidney Dis 2002




Case report

Further investigations confirmed the existence of a Fanconi syndrome,
characterized by the association of decreased maximal transport of
bicarbonate (1> mtg/L of glomerular filtrate; normal >2/ mtg/L), decreased
maximal transport of phosphate (0.34 mg/dL of glomerular filtrate; normal
>1.38 mg/dL), normoglycemic glucosuria, generalized aminoaciduria, ar
high urinary excretion of 2-microglobulin (23.10 mg/L; normal <0.30 mg/

Source: Verhelst et coll. Am | Kidney Dis 2002




http://www.kidney-international.org original article

© 2010 International Society of Nephrology

see commentary on page 1060

Tenofovir nephrotoxicity: acute tubular
necrosis with distinctive clinical, pathological,
and mitochondrial abnormalities

Leal C. Herlitz', Sumit Mohan?, Michael B. Stokes', Jai Radhakrishnan®, Vivette D. D'Agati’
and Glen S. Markowitz'

'Department of Pathology, Columbia University College of Physicians and Surgeons, New York, New York, USA; “Department of
Medicine, Columbia University College of Physicians and Surgeons, New York, New York, USA and *Department of Medicine, Harlem

Hospital Center and Columbia University College of Physicians and Surgeons, New York, New York, USA

Source: Herlitz et coll. Kidney International 2010



Nécrose tubulaire aigué ¢ s
e .24 — ; Nod Ea

Inclusion eosinophile

Source: Herlitz et coll. Kidney International 2010



Herlitz et coll. Kidney International 2010

Source



Apical Proximal tubule Basolateral

Mitochondrion Q

Nucleus

Source: Perazella Kidney International 2010



Apical Proximal tubule Basolateral

Organic Anion Transporter-

Multidrug Resistance Protein-
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o I  —©_ 1"
TF ‘ NaDC |
TF)

~—— o ——— k. FCNCYT

Normalement le tenofovir (TF) traverse la cellule pour étre éliminé
dans \es urines via OAIl-| cote basolatéeral et MRP-2 ou MRP-4 c6te apical

Mitochondrion V !’gTPase?l

Nucleus

Source: Perazella Kidney International 2010



Mltochondnon

Nucleus

Source: Perazella Kidney International 2010 |



Stimulation
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En cas de stimulation dOAT-| ou dinhibition de MRP-2 ou MRP-4, le TF

s’accumule dans la cellule <t est toxique pour la mitochondrie

-
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-

| Nucleus Na

Source: Perazella Kidney International 2010



Solution

Le probeneade (Santuril®) est un inhibiteur d' OAT-|
d 2 N NatL—lb

o, Nucleus

Source: Perazella Kidney International 2010



Solution

TF VA e _ &
) <{(MRP-2)-{ (TF) TF) “~"<@OAT-1 3= qF)
o | — 1F) of Lk

g SR . //,-——\\ <4+—{0OCT r—

L a ROSIgIItazone (Avandia®) aide \expressm de plein de
transporteurs au niveau du tubule proximal

S— Nat ——

Nucleus

Source: Perazella Kidney International 2010



Solution

NH, NH;
N
NZ~
\ 0 | \> m o O(CH,),sCH
”/OH I ”/ \/\/ 2)150I13
N N O p\
Tenofowr CH;
Viread®, Truvada®, Atripla® Hexadeciloxypropil-tenofovir (CMX157)
NH, e Esterification
0 pas reconnu par OAT
N/ N H3C//’// = N
K ‘ \> lo"HLO/\CH Nk | \>
X S BN 0
N N . ) ” (NH N N 5 ” /OH
i 0 P
TN YK
£ F

Modification ribose

GS-9131 moins transportee a travers cellule GS-9148



[he most effective treatment of tenofovir nphrotoxicity S
stopping tenofowir.

' ll

Source: Fernandez-Fernandez et cc

arch and Treatmentﬁg\,L






Predictors of sighificant renal function decline

Preexisting renal Impairment
Older age
Advanced HIV disease
Vasculometabolic disease
Concomitant use of nephrotoxic drugs or protease Inhibitors
Low body weight

ABCC2Z gene (encoding the outward tenofovir transporter
MRP-2) polymorphisms

Source: Fernandez-Fernandez et coll. AlIDS Research and Treatment 201 |



MAJOR ARTICLE

Systematic Review and Meta-analysis: Renal Safety
of Tenofovir Disoproxil Fumarate in HIV-Infected
Patients

Ryan D. Cooper,’ Natasha Wiebe,' Nathaniel Smith,® Philip Keiser,” Saraladevi Naicker,” and Marcello Tonelli'*

Departments of 'Medicine and “Public Health Sciences and*Division of Critical Care Medicine, University of Alberta, Edmonton, Canada; ‘Center
for Public Health Practice, Arkansas Department of Health, Little Rock, Arkansas; “University of Texas, Medical Branch, Galveston, Texas;
and “Department of Internal Medicine, University of Witwatersrand, Johannesburg, South Africa

Source: Cooper et coll. CID 2010



CG-GFR Duration of
Study authors, year ARTnave (in mL/min) or Sample follow-up,
reference] Country (study) Design participants Treatment’ Comparator Cotreatment other exclusion size weeks
Campbell et al, 2009 [36] UK Reqistry Both® TDF-containing regimen TDF-sparing Any HAART 3439 104-520
regimen”
De Jesus et al, 2009 [37] UsS RCT No TDF, EFV, FTC Any HAART, None <60 306 48
no restrictions”
Guaraldi et al, 2009 [39] Italy PC No TDF-containing regimen TDF-sparing regimen  Any HAART MDRD =60 and =90 99 48
Kinai et al, 2009 [40] Japan PC No TDF-containing regmen TDF-sparing regmen Any HAART MDRD <80 63 96
Martinez et al, 2009 [41] Spain (BICOMBO)} RCT No TDF; FTC-containing ABC; 3TC-containing Any Pl or NNRTI SCr 2 mg/dL 335 48
regimen regimen
Smith et al, 2009 [44] US (HEAT) RCT Yes TDF; FTC ABC; 3TC LPV/r®: no NNRTIs <50 694 96
Arribas et al, 2008 [34] Spain, UK, and US RCT Yes TDF; FTC ZDV; 3TC EFV; no Pls =50 517 144
Goicoeches et al, 2008 [18] JS PC (nested in RCT) No TDF; Pl/rcontaining TDF-sparing regmen  Any HAART 146 48
regimen; NNRTI-
containing regimen
Fux et al, 2007 [16] Switzerland (HIV PC Both” TDF-containing regimen TDF-sparing regimen  Any HAART 1078 a6’
Cohort Study)
Young et al, 2007 [20] US (HOPS) PC No TDF-containing regmen TDF-sparing regmen  Any HAART <50 1114 44'
Moyle et al, 2006 (42] UK (RAVE) RCT No TDF-containing regmen ABC-containing Any HAART; SCr »1.25 XULN 105 48
regimen no d4T; ZDV
Winston et al, 2006 [19] Australia PC No TDF-containing regmen TDF-sparing regimen  Any HAART 948 121
Gallant et al, 2005 [17] US {John Hopkin's PC Both” TDF-containing regimen TDF-sparing regimen  Any HAART 658 46
HIV Clinical
Cohort)
Gallant et al, 2004 [38] US, South Amer-  RCT Yes TDF daT 3TC (150 mg BID); EFV 600 144
ica, and Europe (600 mg QD) or NVP
{200 mg BID); no Pls
Squires et al, 2003 [45] US and UK RCT No TDF Placebo Any HAART, 552 24
no restrictions”
Schooley et al, 2002 [43) US RCT No TDF (75, 150, Placebo Any HAART 189 48
or 300 mg QD)
Barditch-Crovo et al, 2001 [35] US RCT No TDF (75, 150, 300, Placebo None 49

or 600 mg QD)




Meta-analysis

| 3 studies (> 5/6/ patients) reported a significantly faster
loss of kidney function (-5.4 ml/min) in patients receiving
tenofovir compared with control subjects (mean difference

between group In GFR loss estimated by CG formula: 3.9 ml/
min; 95% Cl 2.1-5.7 ml/min)

Source: Cooper et coll. CID 2010



Association of tenofovir exposure with kidney disease
risk in HIV infection

Rebecca Scherzer®, Michelle Estrella®, Yongmei Li?, Steven G. Deeks,
Carl Grunfeld® and Michael G. Shlipak®

Source: Scherzer et coll. AlIDS 2012




10°841 HIV-infected patients from VHA (1997-2007)

Table 2. Association of tenofovir exposure with risk® of kidney disease outcomes.

Demographic-Adjusted Model” Time-Dependent Cox Model® Marginal Structural Model®

Hazard Ratio P Value Hazard Ratio P Value Hazard Ratio P Value
(95% Cl) (95% Cl) (95% CI)

Cumulative Exposure to Tenofovir (per year)

Proteinuria (n= 3400 events) 1.30 (1.22-1.37) <0.0001 <0.0001 1.24 (1.17-1.32) <0.000°

Rapid decline®(n =3078 events) 1.17 (1.11-1.24) <0.0001 0.0033 1.16 (1.09-1.23) <0.000?

CKD (n=553 events) 1.44 (1.30-1.60) <0.0001 <0.0001 1.36 (1.22-1.51) <0.000°
Ever Exposure to Tenofovir

Proteinuria (n= 3400 events) 1.70 (1.57-1.85) <0.0001 <0.0001 1.517 (1.36-1.66) <0.000°

Rapid decline (n= 3078 events) 1.51 (1.39-1.64) <0.0001 <0.0001 1.50 (1.36-1.67) <0.000°

CKD (n=553 events) 2.11 (1.76-2.54) <0.0001 <0.0001 1.88 (1.50-2.36) <0.000°

“Each analysis excludes patients who had the condition at baseline. Abbreviations: Confidence Interval (Cl); Chronic kidney disease (CKD).
°Demographic adjusted Cox model includes drug exposure, age, sex, race, and time.

“Time-dependent multivariable adjusted model includes exposure to tenofovir and all other antiretroviral drugs, age, sex, race, baseline comorbid
conditions (diabetes, hypertension, dyslipidemia, prevalent cardiovascular disease, smoking, drug abuse, hepatitis B and C virus infection),
baseline measurements (CKD or proteinuria, BMI category), and current measurements (CD4 count, viral load, CKD or proteinuria, lipids, diabetes,
and hypertension). Rapid decline model controls for both baseline CKD and proteinuria. Proteinuria model controls for baseline CKD, and CKD
model controls for baseline proteinuria.

9Marginal structural model includes all baseline variables in multivariable model.

“Rapid decline in kidney function was defined as an annual decline of 3 ml/min/1.73m2 or more for two consecutive years.

Source: Scherzer et coll. AIDS 2012




Conclusion

Jenofovir exposure was iIndependently
risk for three types of kidney disease events, and did not appear

to be reversible. Because subtle kidney function decline affects
long-term morbidity and mortality, the

dncC

brobable adverse effects rec

Source: Scherzer et coll. Al

assoclated with increasec

balance between efficacy
uires further study.

DS 20172




"What 1t does mean Is you need to be monitoring these patients closely. You need
to be checking kidney function, and If the signs are trending toward worsening function,
consider alternatives.”

4 LY




Regular Follow-up

2 60 mL/min 30-59 mL/min < 30 mL/min
UP/C M < 50 Regular Follow-up

UP/C 1 50-100

UP/C "> 100

Source: EACS Guidelines version 6.0 - October 201 |




Infectious Disease Society of America (IDSA)

Patients recevant du tenofovir et ayant un DFG < 90 ml/min, des
comorbiditeés (diabete ou hypertension), ou qui recoivent du
ritonavir (kboosted protease inhibrtor») doivent étre depistes
au moins 2x par an (fonction rénale, phosphore sérique,

protéinurie et glycosurie)

Source; Gupta et coll. CID 2005




Recommmandations HUG

Patients recevant du ténofovir etayartur-DFG—30-mitminde
cormorotares{aiapete-ounypertenston-ou-gutrecovent-au
HoRavwr{«poosteaproteasetrntoffor») dolvent etre depistes
au moins 2x par an (fonction rénale, phosphore serique,

protéinurie et glycosurie)




Questions en suspend

Patients avec DFG < 60 ml/min (?)
Patients avec facteurs de risque (¢)
Quand arréter le tenofovir (?)

Faut-il le commencer (?)
PEP (?)



II faut Ie dire...

w

Mise en evidence d'une néphrotoxicité d'un medicament que
'on savart étre nephrotoxigue, mais moins que les autres NtR11...

’
:
]
o
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Médecin Infirmier Patient A propos

GUIDE DE SURVIE EN NEPHROLOGIE

Tout savoir du syndrome
de Fanconi

‘ ‘ GUIDE DE SURVIE EN NEPHRQLOGIE

Il faut donner au moins un anti-
hypertenseur le soir!

GUIDE DE SURVIE EN NEPHROLOGIE, HYPERTENSION

Il faut donner au moins un anti-hypertenseur le soir! _
GUIDE DE SURVIE EN NEPHROLOGIE

Nous avons parié ce jour de chronothérapie au journal-club avec un article sur I'effet d'une prise vespérale Utilisation du clopid Ogl’8| chez
d’anti-hypertenseur. Cliquer sur I'image pour teélécharger la présentation au format PDF (8 Mo) ... les D atients msuf%sa nts rénaux

http://nephrohug.com
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