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Abstract
Background: In treatment-naïve patients, a combination
antiretroviral therapy (cART) containing tenofovir (TDF) and
abacavir (ABC) with lamivudine leads to unacceptably high
virological failure rates with frequent selection of reverse
transcriptase mutations M184V and K65R. We explored the
efficacy of at least 16 weeks of ABC + TDF-containing cART
regimens in 307 antiretroviral-experienced HIV-1-infected
individuals included in observational databases.
Methods: Virological failure was defined as an HIV
RNA > 400 copies/ml after at least 16 weeks of treatment.
Patients had received a median of three prior cART regimens.
Of these, 76% concomitantly received a potent or high ge-
netic barrier regimen (with at least one protease inhibitor
[PI]) or non-nucleoside reverse transcriptase inhibitor or
thymidine analogue) while a third non-thymidine nucleoside
analogue was used in the remaining patients.
Results: The 1-year estimated probability of virological
failure was 34% in 165 patients with HIV RNA > 400 copies/
ml at ABC + TDF regimen initiation. Independent predictors
of virological failure were the absence of a potent or high
genetic barrier cART, the higher number of cART regimens
experienced, and the use of a new drug class. In the subset
of 136 patients for whom there were genotypic resistance
test results prior to ABC + TDF initiation, the virological
failure (1-year estimated probability 46%) was indepen-
dently predicted by the higher baseline viral load, the
concomitant use of boosted PI, and the presence of reverse
transcriptase mutation M41L. In 142 patients start-
ing ABC + TDF therapy with HIV RNA £ 400 copies/ml,
virological failure (1-year estimated probability 17%) was
associated only with the transmission category. In a small
subset of subjects for whom there were an available paired
baseline and follow-up genotype (n = 28), the prevalence of
most nucleoside analogue reverse transcriptase inhibitor
resistance mutations decreased, suggesting a possible low
adherence to treatment. No selection of K65R was detected.
Conclusion: The virological response to ABC + TDF-con-
taining regimens in this moderately-to-heavily treatment-
experienced cohort was good. Higher viral load and the
presence of M41L at baseline were associated with worse

virological responses, while the concomitant prescription
of drugs enhancing the genetic barrier of the regimen
conveyed a reduced risk of virological failure.
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Introduction
The advent of potent combination antiretroviral therapy
(cART) has dramatically changed the prognosis of HIV-1
infection and AIDS [1]. Not every combination of anti-
retroviral drugs can be used, however, because of drug–
drug interactions, limited potency, or toxicity issues.
According to the most updated guidelines [2], the first-line
cART regimens of choice are based on two nucleoside
analogue reverse transcriptase inhibitors (NRTIs), often
referred to as the ‘‘backbone’’, and either a non-nucleo-
side reverse transcriptase inhibitor (NNRTI) or a protease
inhibitor with ritonavir boosting (PI/r). The case for the
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use of co-formulated two-NRTI backbones, including
tenofovir (TDF) plus emtricitabine (FTC) and abacavir
(ABC) plus 3TC is based on considerations of conve-
nience and efficacy.

The choice of an optimal NRTI backbone can be
particularly challenging because of the complex interplay
between cross-resistance and potential hypersusceptibility
as well as toxicity issues within this class. For several
reasons, some NRTI-based combinations are contraindi-
cated [3–6]. ABC and TDF are among the latest approved
NRTIs. In an estimate on the impact of newly approved
drugs on the AIDS-free survival of patients between 1998
and 2001, the use of ABC was a predictor of therapeutic
success, equivalent to the use of lopinavir/ritonavir [7]. In
the same study, TDF was also associated with a lower risk
of clinical progression, although its importance was
probably underestimated due to the low number of pa-
tients treated at that time. The potency and efficacy of
TDF were subsequently well established [8, 9].

Both ABC and TDF are also well tolerated, particu-
larly in the long term, allow for once-daily administration,
are active against a number of NRTI-resistant strains, and
select for a limited number of NRTI-resistance mutations
[10–12]. Despite this, the Tonus trial, which studied the
ABC + 3TC + TDF combination in 38 patients in a once-
daily regimen, had to be stopped prematurely because of
poor results: 12 (33%) of 36 enrolled patients experienced
virologic failure by week 24 [13]. A number of reasons
have been suggested to explain this poor outcome, with
the strongest evidence pointing to the low genetic barrier
to resistance of this association [14, 15].

The aim of our study was to investigate the efficacy of
the ABC + TDF combination as part of cART regimens
in treatment-experienced patients and as predictors of
virological failure of this NRTI association.

Patients and Methods
Study Population and Data Collection

Patients included in this study were selected from three Italian
cohorts: the clinical cohort of the Department of Infectious
Diseases of the Catholic University in Rome, Italy (UCSC), the
ARCA cohort (http://www.hivarca.net), a multi-center database
of HIV-infected individuals undergoing drug resistance testing
[16], and the MASTER cohort, a multi-center clinical database
[17]. Eligible individuals had to be treatment experienced, have
baseline viral loads and complete treatment histories available,
and be able to start any ABC + TDF-containing cART (i.e.,
the combination of at least three antiretroviral drugs) and
continue it for at least 16 weeks with virological follow-up data
available. Pre-baseline and follow-up resistance test results,
treatment history, and HIV RNA and CD4 outcomes were
retrieved from the individual databases and merged centrally.
Drug resistance mutations were classified according to the IAS–
USA table (version fall 2006; International AIDS Society–
USA, San Francisco, CA) [18]. The genotypic susceptibility
score (GSS) of drugs accompanying ABC and TDF was
determined by the Stanford University HIV Drug Resistance
Database (Stanford HIVDB) algorithm (ver. 5.0.0) [19]. The

interpretations provided were translated into numeric values;
each drug in the regimen was assigned a susceptibility score
ranging from 0 to 1. We arbitrarily chose to translate inter-
mediate resistance into high-level resistance (score of 0), and
potential low-level resistance into susceptible (score of 1).
ABC + TDF-including regimens were defined as potent or
having a high genetic barrier when a thymidine analogue or a
NNRTI or a PI was present, as opposed to being defined as
weak or possessing a low genetic barrier in the absence of these
concomitant drugs when a non-thymidine analogue NRTI was
used as the third drug.

Statistical Analysis
Viral load values were log-transformed before calculations.
Continuous variables were compared with the Student’s t-test,
categorical variables with the v2-test. The rates of virological
failure, defined as an HIV RNA > 400 copies/ml after at least
16 weeks of continuous ABC + TDF treatment, were analyzed
by survival analysis, using an intention-to-treat criterion and
ignoring the changes of the concomitant drugs. For patients not
meeting the virological failure definition, follow-up was censored
at the interruption of TDF and/or ABC or at the last available
viral load measure. One-year estimates of virological failure
were calculated by the Kaplan–Meier method. Predictors of vi-
rological failure were analyzed using univariable and multivari-
able Cox regression. All analyses were performed using SPSS
ver. 13.0 (SPSS, Chicago, IL).

Results
Patient Characteristics and Antiretroviral Exposure

307 were eligible for inclusion in the study, 69% of
whom were males, and the median age of the patient
cohort at baseline was 41 years (interquartile range
[IQR] 38–45 years). HIV transmission modes were het-
erosexual contacts in 32% of cases, male homosexual
contacts in 16% of cases, and iv drug use in 40% of
cases. 39% of individuals had a history of previous
AIDS-defining events. The median CD4+ T cell count
was 373 (IQR 232–608) cells/ll, and the median plasma
HIV-1 RNA was 2.93 (IQR 1.69–4.34) log10 copies/ml.
54% of individuals were hepatitis C virus (HCV) anti-
body positive. Overall, patients had experienced a med-
ian of three cART regimens (IQR 3–4), and 30% had
experienced mono-dual NRTI therapy prior to cART.
Previous drug exposure included PIs (53% of patients),
NNRTIs (21%), TDF (24%), and ABC (25%). Con-
comitantly with ABC and TDF, 35% of patients received
boosted PIs, 5% received unboosted PIs, 18% received
NNRTIs, 25% received thymidine analogues, 44% re-
ceived lamivudine or emtricitabine, and 8% received
didanosine (ddl). A new drug class was used in 11% of
cases. 76% of the patients received ‘‘potent or high ge-
netic barrier’’ regimens, defined as the concomitant use
of a PI and/or an NNRTI and/or a thymidine analogue,
while 24% received ‘‘weak or low genetic barrier’’ reg-
imens, defined as the concomitant use of a non-thymi-
dine nucleoside analogue. Patient characteristics of the
various analysis subgroups are summarized in table 1.
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Virological Failure Rates and Its Predictors in the
Different Groups of Patients

81 virological failures (26.4%) were observed during a
median follow-up of 284 days (IQR 180–515), resulting
in a failure rate of 24.6 per 100 person-years of follow-
up. Virological failure occurred in 33.3% (n = 55) of
cases in the group of patients starting ABC + TDF reg-
imens with an HIV RNA load > 400 copies/ml (n = 165),
with a 1-year estimated probability of virological failure
of 34%. The univariable analysis demonstrated an asso-
ciation between age and the use of a new drug class with
a higher risk of virological failure, whereas the number
of previous cART regimens experienced and the con-
comitant use of a boosted PI or of any potent or high
genetic barrier cART were associated with a lower risk.
The independent predictors of virological failure were
potent or high genetic barrier cART, the number of
cART regimens experienced, the use of a new drug class,
and age (see Table 2).

In the subgroup of patients (n = 142) who were
switched to the ABC + TDF regimen with a viral load
< 400 copies/ml, virological failure occurred in 18.3%
(n = 26) of cases, resulting in a 1-year estimated proba-
bility of viral rebound of 17.0%. The univariable analysis
revealed that risk factor (sex vs others) and CD4 cell
count at baseline were significantly associated with the
risk of virological failure. The only independent predictor
of virological failure was risk factor for HIV acquisition
(see Table 3).

Details of HIV-1 Resistance Genotyping Results
The results of a genotypic resistance test performed prior
to the initiation of the ABC + TDF-containing cART
regimen was available for a subset of 136 patients. NRTI
resistance mutations were present in 91% of these pa-
tients, NNRTI resistance mutations in 34%, and major PI
resistance mutations in 65%.

A breakdown of the prevalence of individual NRTI
resistance mutations and mutational groups is given in
figure 1a. Among patients who experienced virological
treatment failure with the ABC + TDF regimen, 31 had
genotypic resistance test results at failure, of whom 28 also
had a baseline genotypic test result. The 31 resistance
genotypes at ABC + TDF regimen failure contained
NRTI-resistance mutations (74% of cases), thymidine-
associated mutations (TAMs; 56%: 31% type 1 and 25%
type 2), K65R and K70E (each 3%), and L74V (9%),
respectively. The prevalence of individual mutations in
the 28 patients with paired pre- and post-ABC + TDF
genotypes is shown in figure 1b. None of the L74V and
K70E mutations detected during follow-up were present
in the baseline sample. The patient with a K65R mutation
at follow-up did not have a baseline genotype, while nei-
ther of the baseline K65R cases were detected in the post-
ABC + TDF sample (see Figure 1b). In this subgroup of
patients with available genotypic resistance test results
before baseline (n = 136), virological failure occurred in
50% (n = 68) of cases: the estimated 1-year probability of
virological failure was 46%. Univariable analysis revealed

Table 1
Baseline patients characteristics.

Parameters Patients with
baseline HIV RNA
£ 400 copies/ml (n = 142)

Patients with baseline
HIV RNA > 400 copies/ml
(n = 165)

Patients with baseline
resistance genotype
(n = 136)

Male (%) 70 69 72
Risk factor IDU (%) 43 39 15
MSM (%) 15 13 39
Heterosexual (%) 28 33 33
Age, years (median, IQR) 41 (37–44) 41 (38–45) 42 (39–47)
Prior cART regimens (median, IQR) 3.5 (3–4) 3.5 (3–4) 3 (2–4)
Prior mono-dual NRTI treatment (%) 67 76 72
Prior TDF (%) 19 33 24
Prior ABC (%) 33 21 28
Associated regimen NNRTI (%) 16 18 24

Non-boosted PI (%) 4 6 4
Boosted PI (%) 42 38 37
Thymidine analogues (%) 32 29 21

Potent/high genetic barrier cART (%) 74 79 74
Use of a new class (%) 10 15 18
HIV RNA (log10 copies/ml, median, IQR) 1.69 (1.69–1.78) 4.19 (3.46–4.92) 3.43 (1.72–4.64)
CD4 counts (cells/mm3, median, IQR) 352 (199–545) 342 (203–511) 370 (215–654)
Prior AIDS (%) 21 16 23
Anti-HCV + serostatus (%) 44 52 55

IDU: Injecting drug users; MSM: men who have sex with men; IQR: interquartile range; cART: combination anti-retroviral therapy; NRTI:
nucleosidic reverse transcriptase inhibitor; TDF: tenofovir; ABC: abacavir; NNRTI: non-nucleosidic reverse transcriptase inhibitor; PI: protease
inhibitor; HCV: hepatitis C virus
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that the concomitant use of boosted-PI (inhibitor) therapy,
the baseline viral load, the prior use of mono- or dual-NRTI
therapy, prior ABC use, and the presence of the NRTI-
resistance mutation M41L were significantly associated with
the risk of virological failure. Other mutations considered in
this analysis were those with a prevalence of > 5%, namely
D67N, K70R, L74V, V118I, M184I/V, L210W, T215Y, and
K219E/Q; none of these was shown to be associated with
virological failure. The association with M41L withheld
Bonferroni correction for multiple comparisons (p = 0.033).
The independent predictors of virological failure were the
concomitant use of boosted-PI (inhibitor) therapy, the
presence of the NRTI-resistance mutation, M41L, and a
higher baseline viral load (see Table 4).

Discussion
Abacavir and TDF are theoretically attractive drugs for
use as a backbone in cART regimens because of their
good general tolerability and low impact on lipid metab-
olism and lipodystrophy [20, 21]. They have also shown
good activity in fixed-dose formulations with 3TC or FTC
[22] and have proved to be useful in treatment-experi-
enced patients [8, 9]. Moreover, the combined use of ABC
and TDF as a backbone is also supported by the lack of
interactions between the two drugs in in vitro studies [23,
24].

In our study of 307 antiretroviral-experienced pa-
tients, we observed a virological failure rate of 24.6 per
100 patient-years of follow-up. This is in contrast with the

Table 3
Predictors of virological failure (n = 26) in the subgroup switching to the abacavir + tenofovir regimen with HIV-1 RNA £ 400 copies/ml
(n = 142).

Parameters Univariable analysis Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value

Use of a high genetic barrier or potent association 1.79 (0.75–4.26) 0.19 – –
Age (per year more) 0.94 (0.88–1.00) 0.07 – –
Prior use of mono-dual therapy 1.60 (0.53–4.84) 0.40 – –
Sex 0.56 (0.23–1.37) 0.21 – –
Risk factor (sexual vs other) 0.41 (0.21–0.79) 0.008 0.44 (0.21–0.90) 0.02
Prior use of TDF 0.77 (0.26–2.29) 0.64 – –
Prior use of ABC 0.80 (0.27–2.42) 0.70 – –
Number of cART regimens experienced 1.07 (0.88–1.31) 0.51 – –
Use of new class of drugs 0.91 (0.31–2.70) 0.87 – –
Concomitant use of NNRTI therapy 1.01 (0.30–3.47) 0.99 – –

Non-boosted PI therapy 1.38 (0.56–3.35) 0.48 – –
Boosted PI therapy 1.44 (0.50–4.11) 0.50 – –

Baseline CD4 (per 100 cells/mm3 higher) 1.11 (1.00–1.23) 0.05 1.08 (0.96–1.21) 0.17
Viral load at baseline (per log10 higher) 1.00 (0.99–1.00) 0.73 – –

Table 2
Predictors of virological failure (n = 55) in patients with a baseline virus load > 400 copies/ml (n = 165).

Parameters Univariable analysis Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value

Use of a high genetic barrier or potent association 0.47 (0.26–0.85) 0.012 0.43 (0.22–0.84) 0.013
Age (per year more) 1.05 (1.02–1.08) 0.003 1.04 (1.01–1.08) 0.010
Prior use of mono-dual therapy 1.56 (0.80–3.08) 0.20 – –
Sex 1.14 (0.63–2.60) 0.68 – –
Risk factor (sexual vs other) 1.15 (0.89–1.50) 0.30 – –
Prior use of TDF 1.44 (0.80–2.50) 0.20 – –
Prior use of ABC 0.55 (0.26–1.16) 0.12 – –
Number of cART regimens experienced 0.74 (0.59–0.94) 0.01 0.63 (0.53–0.90) 0.006
Use of new class of drugs 2.49 (1.35–4.60) 0.004 3.70 (1.83–7.44) <0.001
Concomitant use of NNRTI therapy 1.18 (0.61–2.28) 0.63 – –
Non-boosted PI therapy 0.87 (0.50–1.53) 0.63 – –
Boosted PI therapy 0.54 (0.30–0.98) 0.04 – –

Baseline CD4 (per 100 cells/mm3 higher) 0.90 (0.77–1.02) 0.11 – –
Viral load at baseline (per log10 higher) 1.23 (0.89–1.70) 0.21 – –

HR: Hazard ratio; CI: confidence interval
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The more favorable outcome in our observational
study of ABC + TDF-containing regimens is likely due
to the higher potency and genetic barrier of the regimens
that were used: 76% of the patients concomitantly re-
ceived a PI and/or a NNRTI and/or a thymidine ana-
logue. These combinations were likely more effective in
preventing the development of drug resistance and,
therefore, virological failure than the above-mentioned
three-NRTI regimens. The incidence of virological fail-
ure rate was 34.9 per 100 patient-year of follow-up in the
group of patients receiving weak or low genetic barrier
regimens. This incidence is higher than that in the group
of patients receiving a potent/high genetic barrier regi-
men (21.6 per 100 patient-year, log rank p = 0.033) and
similar, although a little low, to the results of the TO-
NUS and ESS3009 trial. Among the reasons investigated
to explain their data, the investigators of the Tonus trial
emphasized the fact that just two point mutations
(M184V and K65R), each selected by at least two of the
NRTIs used, were required to produce resistance to the
whole regimen [13–15]. Another reason for the high rate
of virological failure may have been the physiological
compartmentalization of nucleoside and nucleotide ana-
logues and the subsequent diversity of distribution and
activation among the CD4 cells [13]. If this were the
case, the use of another drug class or of a thymidine
analogue with a different activation pathway could have
prevented this phenomenon and, ultimately, the viroim-
munological failure in our patients. These hypotheses are
supported by the fact that the use of a ‘‘potent’’ asso-
ciation was an independent negative predictor of viro-
logical failure in our study.

The cART regimens performed even better in the
subset of patients who switched to ABC + TDF while on
a successful cART regimen, with just 17% of failures
estimated at the 1-year follow-up. This is not an unex-
pected result because lower potency is generally required
for simplification regimens, and the performances of
several regimens are generally better in such settings. In
the subjects with a viral load > 400 copies/ml, the use of a
new drug class resulted in a higher risk of failure. We
interpret this result as a possible consequence of chan-
neling bias. Patients receiving a new drug class are prob-
ably those with a higher degree of present or past drug
resistance.

In the subgroup of 136 patients whose genotypic
resistance test results were available at or before baseline,
the NRTI resistance mutation M41L was found to be
independently predictive of virological failure. This is not
an unexpected finding, given the deleterious effect of this
type 1 TAM on the in vivo activity of both ABC and TDF
[11, 26] as well as on that of ddI and thymidine analogues
[27]. It is interesting to note that the ABC + TDF-failing
patients selected a low proportion of isolates containing
the K65R mutation. The K65R mutation, which is typi-
cally selected by TDF and more rarely by ABC and ddI

[10, 25], was present in two samples at baseline and re-
verted in both cases; it was also detected at failure in only
one patient (3%) who was not tested for drug resistance at
baseline. On the other hand, the NRTI resistance muta-
tion L74V, typically selected by ABC and ddI, was found
in 9% of cases at failure, while it was absent at baseline.
These findings may be justified by the high prevalence of
TAMs at treatment initiation: these show an antagonistic
effect to the selection of K65R [12], while the selection of
L74V is not affected. Although the comparison was pos-
sible in a limited number of cases, there was an overall
reduction of NRTI resistance mutations in the follow-up
genotype compared with the baseline genotype. This may
have been related to the potency of both the backbone
and the accompanying drugs in the regimen as well as
derived from a low adherence to therapy in these patients
failing treatment.

In conclusion, the results of this study indicate that
ABC + TDF can be an effective NRTI backbone in
treatment-experienced individuals if associated with an
appropriate ‘‘third drug’’, such as a thymidine analogue or
a drug belonging to another drug class, and if a previously
selected M41L resistance mutation is absent.

Appendix
Italian MASTER Cohort: G. Carosi (Chair), M. Puoti, C.
Torti, E. Quiros-Roldan, G. Paraninfo, S. Casari, G. Cristini,
F. Castelnuovo, I. El Hamad (Brescia); A. Antinori,
G. Antonucci, A. Ammassari (Rome); A. Angarano,
A. Saracino (Foggia); R. Cauda, A. De Luca (Rome);
A. D’Arminio Monforte, P. Cicconi (Milan); F. Mazzotta,
S. Lo Caputo, N. Marino (Florence); L. Minoli, R. Maserati,
S. Novati, C. Tinelli (Pavia); F. Ghinelli, L. Sighinolfi
(Ferrara); G. Pastore, N. Ladisa (Bari); T. Quirino (Busto
Arsizio); F. Suter, F. Maggiolo (Bergamo); G. Carnevale,
A. Pan (Cremona); A. Gori (Monza).

References

1. Palella FJ, Delaney KM, Moorman AC, et al. Declining morbidity
and mortality among patients with advanced human immu-
nodeficiency virus infection. HIV Outpatient Study Investigators.
N Engl J Med 1998; 338: 853–860.

2. Guidelines for the use of Antiretroviral Agents in HIV-1 infected
Adults and Adolescents, developed by the DHHS Panel on
Antiretroviral Guidelines for Adults and Adolescents. A Working
Group of the Office of AIDS Research Advisory Council (OARAC),
November 3 2008. Available at: http://www.aidsinfo.nih.gov/
Guidelines..

3. Miro O, Lopez S, Rodriguez de la Concepcion M, Martinez E, et al.
Pre-regulatory mechanisms compensate for mitochondrial DNA
depletion in asymptomatic individuals receiving stavudine plus
didanosine. J Acquir Immune Defic Syndr 2004; 37: 1550–1555.

4. Leon A, Martinez E, Mallolas J, et al. Early virological failure in
treatment naive HIV-infected adults receiving didanosine and
tenofovir plus efavirenz or nevirapine. AIDS 2005; 19: 213–215.

S. Di Giambenedetto et al. Predictors of Virological Response and Drug Resistance Evolution in a Multi-Cohort Study

Infection 37 Æ 2009 Æ No. 5 � URBAN & VOGEL 443



5. Podzamczer D, Ferrer E, Gatell JM, et al. Early virological failure
with a combination of tenofovir, didanosine and efavirenz.
Antivir Ther 2005; 10: 171–177.

6. Torti C, Quiros-Roldan E, Regazzi M, et al. Early virological failure
after tenofovir + didanosine + efavirenz in HIV-positive pa-
tients upon starting antiretroviral therapy. Antivir Ther 2005;
10: 505–513.

7. Costagliola D, Potard V, Duvivier C, et al. Impact of newly
available drugs on clinical progression in patients with viro-
logical failure after exposure to three classes of antiretrovirals.
Antivir Ther 2005; 10: 563–573.

8. Squires K, Pozniak AL, Pierone G Jr, et al. Tenofovir disoproxil
fumarate in nucleoside-resistant HIV-1 infection: a randomized
trial. Ann Intern Med 2003; 139: 313–320.

9. Schooley RT, Ruane P, Myers RA, et al. Tenofovir DF in antiret-
roviral-experienced: results from a 48-week, randomized, dou-
ble-blind study. AIDS 2002; 16: 1257–1263.

10. Lanier ER, Givens N, Stone C, et al. Effect of concurrent zido-
vudine use on the resistance pathway selected by abacavir-
containing regimens. HIV Med 2004; 5: 394–399.

11. Miller MD, Margot N, Lu B, et al. Genotypic and phenotypic
predictors of the magnitude of response to tenofovir disoproxil
fumarate treatment in antiretroviral-experienced patients.
J Infect Dis 2004; 189: 837–846.

12. Boucher S, Recordon-Pinson P, Ragnaud JM, et al. HIV-1 reverse
transcriptase (RT) genotypic patterns and treatment charac-
teristics associated with the K65R RT mutation. HIV Med 2006;
7: 294–298.

13. Landman R, Descamps D, Peytavin G, et al. Early virologic failure
and rescue therapy of tenofovir, abacavir, and lamivudine for
initial treatment of HIV-1 infection: TONUS study. HIV Clin Trials
2005; 6: 291–301.

14. Kuritzkes DR: Less than the sum of its parts: failure of a ten-
ofovir-abacavir-lamivudine triple-nucleoside regimen. J Infect
Dis 2005; 192: 1867–1868.

15. Carr A: Investigating new antiretroviral combinations. J Infect
Dis 2005; 193: 1742–1743.

16. De Luca A, Di Giambenedetto S, Romano L, et al. Frequency and
treatment-related predictors of thymidine-analogue mutation
patterns in HIV-1 isolates after unsuccessful antiretroviral
therapy. J Infect Dis 2006; 193: 1219–1222.

17. Torti C, Quiros-Roldan E, Regazzi M, et al. A randomized con-
trolled trial to evaluate antiretroviral salvage therapy guided by
rules-based or phenotype-driven HIV-1 genotypic drug-resis-
tance interpretation with or without concentration-controlled
intervention: the Resistance and Dosage Adapted Regimens
(RADAR) study. Clin Infect Dis 2005; 40: 1828–1836.

18. Johnson AV, Brun-Vézinet F, Clotet B, Kuritzkes DR, Pillay D,
Schapiro JM et al: Update of the drug resistance mutations in
HIV-1. Top HIV Med 2006; 14: 125–130.

19. Stanford University. Stanford HIV Drug Resistance Database.
Available at: http://hivdb.stanford.edu. Accessed 29 Nov 2008.

20. Moyle G, Higgs C, Teague A, et al. An open-label, randomized
comparative pilot study of a single-class quadruple therapy
regimen versus a 2-class triple therapy regimen for individuals
initiating antiretroviral therapy. Antivir Ther 2006; 11: 73–78.

21. Moyle GJ, Sabin CA, Cartledge J, et al. A randomized compara-
tive trial of tenofovir DF or abacavir as replacement for a thy-
midine analogue in persons with lipoatrophy. AIDS 2006; 20:
2043–2050.

22. Ruane PJ, De Jesus E: New nucleoside/nucleotide backbone
options: a review of recent studies. J Acquir Immune Defic Syndr
2004; 37: S21–S29.

23. Lanier ER, Hazen R, Ross L, et al. Lack of antagonism between
abacavir, lamivudine, and tenofovir against wild-type and drug-
resistant HIV-1. J Acquir Immune Defic Syndr 2005; 39: 519–522.

24. Tremblay CL, Giguel F, Dong H, et al. In vitro antiviral interac-
tions among tenofovir, abacavir, lamivudine and didanosine
(abstract). Antivir Ther 2004; 9: S47.

25. Gallant JE, Rodriguez AE, Weinberg WG, et al. Early virologic
nonresponse to tenofovir, abacavir, and lamivudine in HIV-in-
fected antiretroviral-naive subjects. J Infect Dis 2005; 192:
1921–1930.

26. Brun-Vézinet F, Descamps D, Ruffault A, et al. Clinically relevant
interpretation of genotype for resistance to abacavir. AIDS
2003; 17: 1795–1802.

27. De Luca A, Di Giambenedetto S, Trotta MP, et al. Improved
interpretation of genotypic changes in the HIV-1 reverse trans-
criptase coding region determining the virologic response to
didanosine. J Infect Dis 2007; 196: 1645–1653.

S. Di Giambenedetto et al. Predictors of Virological Response and Drug Resistance Evolution in a Multi-Cohort Study

444 Infection 37 Æ 2009 Æ No. 5 � URBAN & VOGEL



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


