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�‡Abacavir (ABC) is implicated as a cause of CVD in HIV, which is estimated
to contribute to more than 10% of HIV deaths
�‡The STEAL study was a prospective, controlled trial of participants
randomised to switch existing N(t)RTI drugs to either:

* tenofovir 300mg-emtricitabine 200mg (TDF-FTC) n=178
* abacavir 600mg-lamivudine 300mg (ABC-3TC) n=179

�‡STEAL reported an increased risk in CVD (HR 7.7, p=0.048) in ABC/3TC
compared to TDF/FTC, that could not be accounted for on the basis of
baseline factors or changes in lipids during follow-up
�‡The impact of ABC/3TC treatment on a range of CVD and inflammatory
biomarkers was explored

�‡Details of participants in the STEAL study are published; key baseline 
characteristics are summarized in Table 2
�‡14 biomarkers were assessed at weeks 0, 12, 24, and 48
�‡Biomarkers were chosen from within the following categories:
*Inflammatory/Renal �±hsC-reactive protein (hsCRP), interleukin 6 (IL6), 

interleukin 10 (IL10), amyloid-P, amyloid-A, macrophage migration 
inhibitory factor-1 (MIF-1), cystatin C, tumor necrosis factor (TNF�.), 
interferon (INF�.) 

*Thrombotic �±d dimer, fibrinogen, p-selectin
*Endothelial Function �±vascular cell adhesion molecule (VCAM), 

intercellular adhesion molecule (ICAM)
�‡Primary analysis was the mean change from week 0 to 12
�‡Secondary analysis were:

*Mean change from week 0 to 24 and 48
*Change in biomarkers within each study arm, stratified by prior ABC 
exposure or stratified by baseline Framingham risk A thorough examination of a comprehensive selection of biomarkers that are associated with

a variety of physiological and clinical sequalae did not reveal associations between use of
ABC/3TC and increased risk of CVD, coagulopathic disorders, vascular function,
inflammation, or renal function relative to use of TDF/FTC. An alternative explanation for the
observed risk of CVD in patients taking an ABC containing regimen is therefore warranted.
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Table 2: Baseline participant characteristics

STEAL Protocol Steering Committee �± Janaki Amin, David Baker, Mark Bloch, Andrew Carr, David Cooper, Sean Emery,
Allison Humphries
STEAL study investigators �±Mark Bloch, David Cooper, Andrew Carr, David Baker, Robert Finlayson, Jennifer Hoy, Tim Read, 
Nicholas Doong, Norman Roth, Jonathan Anderson, Richard Moore, John Chuah, Alan Street, David Shaw, David Orth, Mark 
Kelly, David Smith, David Nolan, Mark Boyd, David Gordon, Nicholas Medland, Ban Kiem Tee, Dominic Dwyer, John Dyer, Ian 
Woolley, Michelle Giles, Stephen Davies, Linda Dayan, William Donohue, Darren Russell, Jeffrey Post, John Quinn, Don Smith, 
Anthony Allworth
STEAL study team �±Sean Emery, Allison Humphries, Janaki Amin, Kymme Courtney-Vega, Simone Jacoby, Hila Haskelberg,
Maja Berilazic, Kat Marks, Kate Merlin, Julie Yeung, Maria Piperias, Bertha Fsadni
We extend our grateful thanks to all the participants.
Thank you to the staff at SydPath, The Centre for Applied Medical Research, and Monash Medical Centre who conducted the
biomarker analysis. NCHECR is funded by the Australian Government Department of Health & Ageing and is affiliated with the
Faculty of Medicine, The University of New South Wales. Funding for this biomarker sub-study was provided by Gilead Sciences
Pty Ltd.

Secondary Results

Mean change from week 0 to 24 and 48

�‡There were no consistent significant changes from baseline to week 24 or 48, except for 
amyloid P at week 24 (ABC/3TC +36ng/mL [95%CI 0.5 to 71.6], TDF/FTC -17ng/mL [95% 
CI -50 to17]; p=0.03) and Cystatin C at week 48 (ABC/3TC +0.02mg/L [95% CI 0.01 to 
0.04], TDF/FTC +0.05mg/L [95% CI 0.03 to 0.07]; p=0.02) 

Change in biomarkers within each study arm, stratified by prior ABC exposure or 

stratified by baseline Framingham risk

�‡There were no consistent significant differences when biomarkers were stratified for prior 
ABC exposure, except in the ABC/3TC arm fibrinogen was lower (exposed -0.36g/L vs 
unexposed 0.02, p=0.01) in participants exposed to ABC prior to study entry up to week 12.  
�‡There were no statistical differences in biomarkers between treatment groups when 
stratified for baseline Framingham risk 

Baseline Characteristic ABC-3TC TDF-FTC

Age (years) 46 ± 9 44 ± 8
Male (%) 98 97
HIV duration (years) 10 ± 6 10 ± 6
CD4+ count (cells/mm3) 627 ± 306 599 ± 257
Hypertension (%) 13 11
Ischaemic heart disease (%) 4 2
Ischaemic stroke (%) 1 0
Current smoker (%) 40 29
Diabetes mellitus (%) 5 3
Framingham CVD risk (%) 8 ± 7 7 ± 5
Prior ABC (%) 20 21
Prior TDF (%) 30 30
Prior PI (%) 24 23
hs CRP (mg/L) 5.8 ± 21.3 3.8 ± 7.4
IL6 (pg/mL) 2.2 ± 2.0 1.9 ± 1.4
Amyloid P (ng/mL) 200 ± 144 208 ± 152
Amyloid A (ng/mL) 70 ± 109 67 ± 106
MIF-1 (pg/mL) 2901 ± 3109 2801 ± 2979
D-Dimer (ng/mL) 259 ± 345 217 ± 205
Fibrinogen (g/L) 2.8 ± 0.8 2.7 ± 0.7
P-selectin (ng/mL) 118 ± 74 119 ± 79
VCAM (ng/mL) 392 ± 201 424 ± 223
ICAM (ng/mL) 149 ± 83 166 ± 98
Cystatin C (mg/L) 0.8 ± 0.1 0.8 ± 0.1
*Results are expressed as mean ± SD or %

IL10, TNF�. and INF�. results were not within range of the lower 
limit of detection for the assays, and therefore no results are 
shown 

Primary Results

Figure 1. Mean change  in biomarkers from baseline to week 12  by study arm  

Surrogate Marker Type of Assay
Lower Limit of 

Detection

Cystatin C (mg/L) Dade Behring N Latex Cystatin C particle-enhanced immunonephelometry 0.05
D-Dimer (ng FEU/mL) Microparticle Enzyme Immunoassay (MEIA) 50.0
hs CRP (mg/L) Roche HS-CRP using turbidimerty 0.1
Fibrinogen (g/L) COBAS MIRA turbidimetric analyser 1.3
MIF-1 (pg/mL) R&D Systems Human MIF-1 DuoSet ELISA 31.3
IL6 (pg/mL) R&D Systems Human IL-6 ELISA 0.04
IL10 (pg/mL)

Luminex dual laser, flow-based sorting and detection platform

38.2
TNF�.����pg/mL) 15.4
Amyloid P (ng/mL) 0.1
Amyloid A (ng/mL) 0.1
P-selectin (ng/mL) 1.1
VCAM (ng/mL) 4.8
ICAM (ng/mL) 0.6
INF�.����pg/mL) 21.3

In both primary and apriori defined secondary analysis there were only a few statistically 
significant differences between treatment arms.  These findings were not consistent across 
variables grouped by pathophysiology and could not be explained by within group apriori 
defined analyses.  It is therefore difficult to explain in this patient population using these 
stratified analyses, that a switch to ABC/3TC is definitively associated with biologically 
plausible changes in traditional cardiovascular biomarkers, inflammation, endothelial function 
or renal disease relative to switching to TDF/FTC

Table 2: Methodology for biomarker assays


