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Background

Fractures and osteonecrosis of the femoral head have emerged as important
manifestations of bone disease during treated HIV infection

HIV+ persons have 1.5-3.0-fold greater risk of fractures and 100-fold greater
risk of osteonecrosis compared with the general population

Initiation of antiretroviral therapy, in particular regimens containing tenofovir
DF (TDF), is associated with increased levels of markers of bone turnover and
reduction in bone mineral density. The clinical consequences of this have not
been determined.

The effect of antiretroviral exposure on the risk of fractures and osteonecrosis
remains poorly understood.
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Objectives

* To determine factors independently
associated with incident fractures and
osteonecrosis

* To study the association between exposure to
antiretrovirals and subsequent risk of
fractures and osteonecrosis



Methods

* Inclusion criteria: EuroSIDA participants >16 y with prospective follow up
after 1 January 2004 and baseline data on CD4 and viral load

* Poisson regression with appropriate adjustments for multiple events per
patient was used to identify clinical, laboratory and demographic factors
associated with fractures and osteonecrosis

* Factors with marginal associations (p<0.1) in univariate analyses were
included in multivariate models

* Each antiretroviral was included in the best-fitting multivariate model to
assess the effect of its exposure on the subsequent risk of either bone
outcome.

* Secondary analyses restricted to osteoporotic fractures (grouped as
fractures of the spine, arm, wrist and hip)




Results: Inclusion of participants

EuroSIDA cohort Excluded
N = 20854
‘l’ N=5937*

Prospective FU > 1/1/2004
N=14917

l' N=21

With gender, aged > 16 at baseline

N=14909
‘l’ N=1881
With baseline CD4 and viral load
N=13015
‘l' N=1195

Including sites > 100 PYFU and

/ reported events \
N=11820

496 persons develop 619 new 36118 PYFU 73 persons develop 89 cases of
fractures during FU osteonecrosis during FU
Incidence/1000PYFU: 7.2 (6.6-7.7) Incidence/1000PYFU: 1.0 (0.8-1.3)

Baseline: latest of 1 January 2004 and recruitment to EuroSIDA. Baseline CD4/VL defined as last measurement
before baseline (and within 6 months) or if none before, first after baseline (and within 6 months).
*Includes persons enrolled into Cohort 10 with only baseline data



Fracture sites (N=619): broad categories
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Fracture sites (N=619): broad categories

B Arm
® Hand
M Leg
M Foot
M Spine
M Ribs
M Head

m Unknown fracture site

Osteoporotic fractures: N=132



Incidence/1000 PYFU (95% Cl)

Results: Incidence of new fractures and osteonecrosis

Stratified by current CD4
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Results: Factors independently associated with fractures (N=619)

Age (per 10y older) Ho
Other race vs white —e—
BMI (per Kg/m?2)
<18 —e—i
19-30(REF) |_....|
>30
IV drug use vs other risk —e— alRR: adjusted incidence
Current CD4/doubling o rate ratio. Models
Nadir CD4/doubling ok adjusted for depicted
- covariates plus calendar
Baseline HIV RNA<500 (REF .
500-100k 'TL-E—| year and region. Only
>100k covariates significant
Hepatitis C pos (p<0.1) in unlvgrlate
analyses were included
Current smoking oy in multivariate models

to avoid overfitting.
Prior osteonecrosis

Prior fracture ——
Prior AIDS (not cancer)
He—
Recent non-AIDS cancer (last 12 months)
Recent cardiovascular disease (last 12 months) ) o
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Results: Factors independently associated with osteonecrosis

Age (per 10y older)
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Results: Characteristics at last visit for those with no bone
event, or at last diagnosis of fracture or osteonecrosis

Co-morbidities No bone Fractures Osteonecrosis P value *
N(%)/ Median (IQR) event

Overall 11266 (95.2) 496 (4.2) 73 (0.6)

Chronic kidney disease ® 583 (5.3) 26 (5.6) 5(7.5) 0.71
eGFR " mL/min/1.73 m? 95 (80,106) 96 (79,106) 94 (75,106) 0.58
Vitamin D  ng/ml 37 (22,65) 35(15,83) 31 (9,40) 0.26

(a)CKD chronic kidney disease at any time before last visit or event date; defined as confirmed (>
3 months apart) eGFR < 60 for those with first eGFR > 60, or 25% decline where baseline
eGFR< 60. eGFRs were calculated using CKD-EPI formula.

(b) eGFR was available for 11536 (97.5%); 11003 (97.7%) for those with no events, 466 (94.1%)
for those with any fracture and 67 (91.8%) for those with femoral necrosis (p<0.0001).

(c) Data available for 3291 (27.8%) overall, 3210 (28.5%) for those with no events, 71 (14.3%) for
those with fractures and 10 (13.7%) of those with femoral necrosis (p<0.0001).

*global p-values for comparing across the three groups



Incidence/1000 PYFU (95% Cl)

Results
Crude incidence of new fractures

TDF use
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Results: Effect of TDF exposure on fracture risk

Any Fractures Osteoporotic fractures °
TDF exposure IRR (95% ClI) IRR (95% Cl)
Univariate Multivariate Multivariate °

1.71 1.40 1.10
Ever vsnever TDF ) 152.06)  (1.15-1.70) (0.76-1.58)

1.38 1.25 1.12
On vs off TDF (1.16-1.64)  (1.15-1.70) (0.79-1.60)
Cumulative TDF 1.28 1.08 0.99
exposure/ 5 years (1.13-1.50) (0.94-1.25) (0.69-1.43)

IRR: incidence rate ratio. P< 0.05 for IRR (95% Cl) written with bold letters
@ grouped as fractures of the spine, arm, wrist and hip
b adjusted for demographics, HIV-specific variables and co-morbidities



Results

Relationship between antiretroviral drugs and osteonecrosis
5

i Each ARV is inclluded in a separate Each ARV is mutually adjusted for the

= model and ?dJUSte_d for*all other use of the other ARVs and adjusted for

z 1 var_la_bles listed all other variables listed*

n
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P 0.013 0.027 0.015 0.031 0.051 0.27 0.20 0.17 0.25 0.25
0,5
DDI IDV sSQv LPV/r TDF DDI IDV sQv LPV/r TDF

Ever used ARV

*adjusted for race, prior femoral necrosis at baseline, fracture®, age, nadir CD4 count, diagnosis of an AIDS
defining malignancy*, non-malignant AIDS event* and non-AIDS defining malignancy*
*time-updated variables



Conclusions

* Host factors, HIV-specific variables and co-morbidities
contribute to risk of fractures and osteonecrosis in
people living with HIV.

* Current or past exposure to TDF, but no other
antiretroviral, was independently associated with
higher incidence of any fracture. Similar results were
seen in those with osteoporotic fractures.

* Persons who had ever used didanosine, indinauvir,
saquinavir, lopinavir/r, or TDF had higher risk of
osteonecrosis, but this association was no longer
significant after mutual adjustment.
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The EuroSIDA Study Group

The multi-centre study group, EuroSIDA (national coordinators in parenthesis).

Argentina: (M Losso), M Kundro, Hospital JM Ramos Mejia, Buenos Aires. Austria: (N Vetter), Pulmologisches Zentrum der Stadt Wien, Vienna; R Zangerle, Medical University Innsbruck,
Innsbruck. Belarus: (I Karpov), A Vassilenko, Belarus State Medical University, Minsk, VM Mitsura, Gomel State Medical University, Gomel; D Paduto, Regional AIDS Centre, Svetlogorsk.
Belgium: (N Clumeck), S De Wit, M Delforge, Saint-Pierre Hospital, Brussels; E Florence, Institute of Tropical Medicine, Antwerp; L Vandekerckhove, University Ziekenhuis Gent, Gent. Bosnia-
Herzegovina: (V Hadziosmanovic), Klinicki Centar Univerziteta Sarajevo, Sarajevo. Bulgaria: (K Kostov), Infectious Diseases Hospital, Sofia. Croatia: (J Begovac), University Hospital of
Infectious Diseases, Zagreb. Czech Republic: (L Machala), D Jilich, Faculty Hospital Bulovka, Prague; D Sedlacek, Charles University Hospital, Plzen. Denmark: G Kronborg,T Benfield,
Hvidovre Hospital, Copenhagen; J Gerstoft, T Katzenstein, A-B E Hansen, Rigshospitalet, Copenhagen; C Pedersen, NF Mgller, Odense University Hospital, Odense; L Ostergaard, Skejby
Hospital, Aarhus, U B Dragsted, Roskilde Hospital, Roskilde; L N Nielsen, Hillerod Hospital, Hillerod. Estonia: (K Zilmer), West-Tallinn Central Hospital, Tallinn; Jelena Smidt, Nakkusosakond
Siseklinik, Kohtla-Jarve. Finland: (M Ristola), | Aho, Helsinki University Central Hospital, Helsinki. France: (C Katlama), Hopital de la Pitié-Salpétiére, Paris; J-P Viard, Hotel-Dieu, Paris; P-M
Girard, Hospital Saint-Antoine, Paris; L Cotte, Hopital de la Croix Rousse, Lyon; C Pradier, E Fontas, Hopital de I'Archet, Nice; F Dabis, D Neau, Unité INSERM, Bordeaux, C Duvivier, Hopital
Necker-Enfants Malades, Paris. Germany: (J Rockstroh), Universitats Klinik Bonn; R Schmidt, Medizinische Hochschule Hannover; J van Lunzen, O Degen, University Medical Center Hamburg-
Eppendorf, Infectious Diseases Unit, Hamburg; HJ Stellbrink, IPM Study Center, Hamburg; C Stefan, JW Goethe University Hospital, Frankfurt; J Bogner, Medizinische Poliklinik, Munich; G.
Fatkenheuer, Universitat KoIn, Cologne. Georgia: (N Chkhartishvili) Infectious Diseases, AIDS & Clinical Immunology Research Center, Thilisi. Greece: (J Kosmidis), P Gargalianos, G
Xylomenos, P Lourida, Athens General Hospital; H Sambatakou, Ippokration General Hospital, Athens. Hungary: (D Banhegyi), Szent Lasl6 Hospital, Budapest. Iceland: (M Gottfredsson),
Landspitali University Hospital, Reykjavik. Ireland: (F Mulcahy), St. James's Hospital, Dublin. Israel: (I Yust), D Turner, M Burke, Ichilov Hospital, Tel Aviv; E Shahar, G Hassoun, Rambam
Medical Center, Haifa; H Elinav, M Haouzi, Hadassah University Hospital, Jerusalem; ZM Sthoeger, AIDS Center (Neve Or), Jerusalem. Italy: (A D’Arminio Monforte), Istituto Di Clinica Malattie
Infettive e Tropicale, Milan; R Esposito, | Mazeu, C Mussini, Universita Modena, Modena; F Mazzotta, A Gabbuti, Ospedale S Maria Annunziata, Firenze; V Vullo, M Lichtner, University di Roma
la Sapienza, Rome; M Zaccarelli, A Antinori, R Acinapura, G D'Offizi, Istituto Nazionale Malattie Infettive Lazzaro Spallanzani, Rome; A Lazzarin, A Castagna, N Gianotti, Ospedale San
Raffaele, Milan; M Galli, A Ridolfo, Osp. L. Sacco, Milan. Latvia: (B Rozentale), Infectology Centre of Latvia, Riga. Lithuania: (V Uzdaviniene) Vilnius University Hospital Santariskiu Klinikos,
Vilnius; R Matulionyte, Center of Infectious Diseases, Vilnius University Hospital Santariskiu Klinikos, Vilnius. Luxembourg: (T Staub), R Hemmer, Centre Hospitalier, Luxembourg.
Netherlands: (P Reiss), Academisch Medisch Centrum bij de Universiteit van Amsterdam, Amsterdam. Norway: (V Ormaasen), A Maeland, J Bruun, Ulleval Hospital, Oslo. Poland: (B Knysz), J
Gasiorowski, M Inglot, Medical University, Wroclaw; A Horban, E Bakowska, Centrum Diagnostyki i Terapii AIDS, Warsaw; A Grzeszczuk, R Flisiak, Medical University, Bialystok; M Parczewski,
M Pynka, K Maciejewska, Medical Univesity, Szczecin; M Beniowski, E Mularska, Osrodek Diagnostyki i Terapii AIDS, Chorzow; T Smiatacz, M Gensing, Medical University, Gdansk; E
Jablonowska, E Malolepsza, K Wojcik, Wojewodzki Szpital Specjalistyczny, Lodz; | Mozer-Lisewska, Poznan University of Medical Sciences, Poznan. Portugal: (M Doroana), L Caldeira,
Hospital Santa Maria, Lisbon; K Mansinho, Hospital de Egas Moniz, Lisbon; F Maltez, Hospital Curry Cabral, Lisbon. Romania: (R Radoi), C Oprea, Spitalul de Boli Infectioase si Tropicale: Dr.
Victor Babes, Bucarest. Russia: (A Rakhmanova), Medical Academy Botkin Hospital, St Petersburg; A Rakhmanova, St Petersburg AIDS Centre, St Peterburg; T Trofimora, Novgorod Centre for
AIDS, Novgorod, | Khromova, Centre for HIV/AIDS & and Infectious Diseases, Kaliningrad; E Kuzovatova, Nizhny Novgorod Scientific and Research Institute, Nizhny Novogrod. Serbia: (D
Jevtovic), The Institute for Infectious and Tropical Diseases, Belgrade. Slovakia: A Shunnar, D Stanekova, Dérer Hospital, Bratislava. Slovenia: (J Tomazic), University Clinical Centre Ljubljana,
Ljubljana. Spain: (JM Gatell), JM Mird, Hospital Clinic Universitari de Barcelona, Barcelona; S Moreno, J. M. Rodriguez, Hospital Ramon y Cajal, Madrid; B Clotet, A Jou, R Paredes, C Tural, J
Puig, | Bravo, Hospital Germans Trias i Pujol, Badalona; P Domingo, M Gutierrez, G Mateo, MA Sambeat, Hospital Sant Pau, Barcelona; JM Laporte, Hospital Universitario de Alava, Vitoria-
Gasteiz. Sweden: (A Blaxhult), Venhaelsan-Sodersjukhuset, Stockholm; L Flamholc, Malmé University Hospital, Malmd, K Falconer, A Thalme, A Sonnerborg, Karolinska University Hospital,
Stockholm. Switzerland: (B Ledergerber), R Weber, University Hospital Zurich; M Cavassini, University Hospital Lausanne; A Calmy, University Hospital Geneva; H Furrer, University Hospital
Bern; M Battegay, L Elzi, University Hospital Basel; P Schmid, Cantonal Hospital St. Gallen. Ukraine: (E Kravchenko), N Chentsova (deceased), Kiev Centre for AIDS, Kiev; V Frolov, G
Kutsyna, | Baskakov, Luhansk State Medical University, Luhansk; A Kuznetsova, Kharkov State Medical University, Kharkov; G Kyselyova, Crimean Republican AIDS centre, Simferopol. United
Kingdom: (B Gazzard), St. Stephen's Clinic, Chelsea and Westminster Hospital, London; AM Johnson, E Simons, S Edwards, Mortimer Market Centre, London; A Phillips, MA Johnson, A
Mocroft, Royal Free and University College Medical School, London (Royal Free Campus); C Orkin, Royal London Hospital, London; J Weber, G Scullard, Imperial College School of Medicine at
St. Mary's, London; A Clarke, Royal Sussex County Hospital, Brighton; C Leen, Western General Hospital, Edinburgh. The following centers have previously contributed data to EuroSIDA:
Bernhard Nocht Institut fiir Tropenmedizin, Hamburg, Germany; 1st . K.A Hospital of Athens, Athens, Greece; Ospedale Riuniti, Divisione Malattie Infettive, Bergamo, Italy

Ospedale di Bolzano, Divisione Malattie Infettive, Bolzano, ltaly; Ospedale Cotugno, Ill Divisione Malattie Infettive, Napoli, Italy; Hospital Carlos Ill, Departamento de Enfermedades Infecciosas,
Madrid, Spain; Odessa Region AIDS Center, Odessa, Ukraine.

EuroSIDA Steering Committee

Steering Committee: J Gatell, B Gazzard, A Horban, | Karpov, B Ledergerber, M Losso, A d’Arminio Monforte, C Pedersen, A Rakhmanova, M Ristola, A Phillips, P Reiss, J Lundgren, J
Rockstroh, S De Wit. Chair: J Rockstroh. Vice-chair: S De Wit. Study Co-leads: A Mocroft, O Kirk. EuroSIDA Representatives to EuroCoord: O Kirk, A Mocroft, J Grarup, P Reiss, A Cozzi-
Lepri, R Thiebaut, J Rockstroh, D Burger, R Paredes, L Peters. EuroSIDA staff: Coordinating Centre Staff: O Kirk, L Peters, C Matthews, AH Fischer, A Bojesen, D Raben, D Kristensen, K
Grgnborg Laut, JF Larsen, D Podlekareva. Statistical Staff: A Mocroft, A Phillips, A Cozzi-Lepri, D Grint, L Shepherd, A Schultze

Funding:

Primary funding for EuroSIDA is provided by the European Union’s Seventh Framework Programme for research, technological development and demonstration under EuroCoord grant
agreement n° 260694. Current support also includes unrestricted grants by Bristol-Myers Squibb, Janssen R&D, Merck and Co. Inc., Pfizer Inc., GlaxoSmithKline LLC. The participation of
centres from Switzerland was supported by The Swiss National Science Foundation (Grant 108787).



