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The 118l Reverse Transcriptase Mutation Is the Only
Independent Genotypic Predictor of Virologic
Failure to a Stavudine-Containing Salvage
Therapy in HIV-1-Infected Patients
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Summary: Patients infected with HIV-1 with more than 1000 HIV-
1 RNA copies/mL, who were genotyped within 3 months before
starting stavudine and treated for at least 3 months with a stable
stavudine-containing highly active antiretroviral therapy, were
selected from our database to identify the determinants of response
to stavudine. Nonresponse was defined as a failure to achieve HIV-1
RNA level of less than 400 copies/mL or a reduction of more than 2
log;o by week 12. Univariate logistic analysis was used to elicit the
failure-associated reverse transcriptase mutations (scored 1 to
develop a genotype score). Eighty-one patients were eligible for
the analysis, including 75 (93%) who previously received
zidovudine. Thirty-five (43%) were nonresponders. Univariate
logistic analysis revealed the following failure-associated muta-
tions: 41L (P = 0.0001), 44D (P = 0.02), 1181 (P = 0.0006), 184V
(P =0.04), 210W (P = 0.0004), and 215Y (P = 0.002) for a median
stavudine score of 2. Failure was observed in 7 (18.9%) of 37
patients with a score less than 2, compared with 28 (63.6%) of 44
patients with a score of 2 or greater (P < (0.0001). The multivariable
analysis showed that the 118] mutation (P = 0.04) was the only
independent genotypic predictor of failing on a stavudine-
containing highly active antiretroviral therapy.
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ne group of reverse transcriptase (RT) mutations (41L,
67N, 70R, 210W, 215Y/F, and 219Q/E) can hamper the
response to stavudine. These amino acid substitutions are
commonly called thymidine analogue mutations (TAMs)
because they are selected by thymidine analogues (zidovu-
dine and stavudine), but they can also promote resistance to
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almost all nucleoside and nucleotide RT inhibitors (NRTIs)"~
by mediating the adenosine triphosphate and pyrophosphate—
dependent hydrolytic removal of NRTIs from a terminated
¢DNA chain.>* For this reason, the alternative, more ex-
planatory, use of the term nucleotide excision mutations
(NEMs) has been proposed® and may be more appropriate.

RT mutations at residues 44 and 118 can contribute to
resistance to all NRTIs in the presence of NEMs, but the
underlying mechanism is still unknown. For this reason, the
definition of nucleoside/nucleotide-associated mutations
(NAMs) includes NEMs and the 44D and 1181 RT mutations.®

Three studies have shown that the response to stavudine
given as monotherapy or dual therapy is impaired in
zidovudine-resistant patients.” ® However, the Novavir
study'® found that neither resistance to stavudine (assessed
by means of the algorithm used by the Agence Nationale de
Recherche sur le Sida) nor any specific RT mutation correlated
with the response to a combination of stavudine, lamivudine,
and indinavir in patients failing on zidovudine plus didanosine
or zalcitabine.

The aim of this study is to identify the largely un-
known determinants of virologic response to stavudine in
patients infected with HIV-1 failing on any antiretroviral
regimen and starting a stavudine-containing regimen in the
context of a highly active antiretroviral therapy (HAART),
which now represents the real-world scenario of HIV
treatment.

METHODS

Study Design and Patient Selection

Among all of the HIV-1—infected patients attending our
clinic on a routine basis, those failing on any antiretroviral
regimen were selected from our ongoing database if they
(1) had HIV-1 RNA levels of more than 1000 copies/mL, (2)
had undergone HIV-1 genotyping (within 3 months before
starting stavudine), and (3) had then received a stavudine-
containing HAART regimen for at least 3 months without any
change in any of the components of the new regimen.

The patients failing to achieve an HIV-1 RNA level
of less than 400 copies/mL or a reduction of more than
2 logyp by week 12 (virologic failure) were defined as
nonresponders.
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TABLE 1. Baseline Characteristics and Their Comparison Between Responder and Nonresponder Patients

All (N = 81) Responders, n = 46 (56.8%) Nonresponders, n = 35 (43.2%) P*
Zidovudine experienced 75 (92.6) - - -
Stavudine experienced 60 (74.1) 30 (65.2) 30 (85.7) 0.02
NNRTI experienced 48 (59.3) 21 (45.7) 27 (77.1) 0.003
PI experienced 65 (80.2) 35 (76.1) 30 (85.7) NS
No. of previously used drugs 7 [5-9] 6 [4-8] 8 [6-10] 0.03
HIV-1 RNA (log;, copies/mL) 4.81 [4.18-5.28] 4.81 [4-5.22] 4.9 [4.46-5.34] NS
CD4 T lymphocytes (cells per microliter) 270 [138-423] 315 [189-435] 206 [106-371] NS
No. of NEMs 2 [0-4] 1[0-3] 3 [2-4] 0.001
Off-treatment at genotyping 34 (42) 24 (52.2) 17 (48.6) NS
Received a new drug class together with stavudine 18 (22.2) 14 (30.4) 4(11.4) NS

Values are given as n (%). Continuous variables: median values [interquartile range].

NNRTI indicates nonnucleoside reverse transcriptase inhibitor; NS, not significant; PI, protease inhibitor; NEMs, nucleotide excision mutations.

*Responders vs nonresponders.

Virology

HIV RNA was assessed by means of nucleic acid
sequence—based amplification (Nuclisens HIV-1; Bio-Merieux,
Boxtel, the Netherlands); the quantification limit was 80
copies/mL.

The sequence of the HIV-1 pol gene was performed
by extracting HIV RNA using the QIAamp Viral RNA kit
(Qiagen GmbH, Hilden, Germany). The RNA was reverse-
transcribed to cDNA using Expand Reverse Transcriptase
(Roche Diagnostics, Mannheim, Germany), and the cDNA
was amplified by means of 2 nested reactions using the
Expand High Fidelity polymerase chain reaction system kit
(Roche Diagnostics) and oligonucleotide primers (sequence
copyright by Virco, Mechelen, Belgium). The amplified
fragments were purified using the QIAquick kit (Qiagen
GmbH) and sequenced by 7 oligonucleotide primers
(sequence copyright, Virco) using MegaBace 1000 (Amer-
sham Biosciences, Piscataway, NJ). The sequence analysis
was performed by the software Sequencher (Gene Codes
Corporation, Ann Arbor, MI).

70%

Genotypic mixtures were reported if the second highest
peak was 30% of the highest. The residues were interpreted
as mutated even in the presence of a mixture with wild type.

Statistical Analysis

The Mann-Whitney rank sum test for nonparametric
data was used to compare the mean independent values of the
continuous variables. The associations between discrete
variables were tested by means of the x* test or Fisher
exact test, as appropriate.

The RT mutations related to resistance to NRTIs® and
detected in more than 10% of the patients'' were considered
in the univariate logistic regression analysis, which was
applied to identify those associated with failure. Each failure-
associated mutation was scored 1 to develop a stavudine
genotypic score for each patient.

The receiver operating characteristic curve was used to
evaluate the performance of the stavudine genotypic score
and identify the optimal clinical cutoff point that minimized
classification errors (virologic response or failure).
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FIGURE 1. Distribution of HIV-1 NRTI-resistance mutations at baseline.
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TABLE 2. Antiretroviral Drugs Used in Combination With
Stavudine

Drug No. of Patients (%)
Didanosine 45 (55.6)
Lamivudine 27 (33.3)
Abacavir 8(9.9)
Tenofovir 13 (16)
Nevirapine 4(4.9)
Efavirenz 15 (18.5)
Saquinavir soft-gel capsules 3(.7)
Saquinavir hard-gel capsules 1(1.2)
Full-dose ritonavir 4(4.9)
Boosting-dose ritonavir 40 (49.4)
Indinavir 3(3.7)
Nelfinavir 5(6.2)
Amprenavir 8(9.9)
Lopinavir 34 (42)
Atazanavir 3(3.7)
Enfuvirtide 1(1.2)

Subsequently, multiple logistic regression was used to
identify the independent predictors of a virologic failure on
stavudine-containing HAART using 2 models. The variables
included in the first were (1) baseline log;y HIV-1 RNA and
CD4 T lymphocyte levels, being off-therapy before starting
stavudine; (2) the use of a new drug class, together with
stavudine, in the new regimen; (3) previous stavudine
treatment(s); (4) the number of previously used drugs;
(5) the number of NEMs at baseline; and (6) the stavudine
genotypic score (<2 vs. >2). In the second model, the last 2
variables were replaced by the individual RT mutations
identified as being statistically related to failure using
univariate analysis.

The statistical analysis was made using SAS software
(release 8.02; SAS, Cary, NC). The continuous variables were
given as median values (and interquartile range).

RESULTS

Eighty-one patients seen between January 1998 and
December 2003 fulfilled the inclusion criteria. Seventy-three
percent were men, 89% were white, 6% were American
Hispanics, 5% were Africans, and the median interquartile
range (IQR) age was 42 years (3747 years). Baseline
characteristics are illustrated in Table 1. Figure 1 shows

TABLE 3. Univariate Logistic Regression Analysis of the HIV-1
RT Mutations (Present in >10% of Patients) Associated With
Failure to a Stavudine-Containing Salvage HAART

RT Mutation Relative Risk 95% CI P
41L 6.35 2.4-16.82 0.0001
44D 6.52 1.29-33 0.02
1181 11.45 2.37-55.71 0.0006
184V 2.84 1.06-7.55 0.04
210W 6.17 2.28-16.67 0.0004
215Y 4.51 1.76-11.58 0.002
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TABLE 4. Distribution of the Stavudine Genotype Score
Calculated on the Presence of the Following HIV-1 Reverse
Transcriptase Mutations: 41L, 44D, 118l, 184V, 210W, and
215Y (Each Mutation Was Scored 1)

Stavudine Genotypic Score

No. of Patients

0 18
1 19
2 10
3 8
4 12
5 12
6 2
25th Percentile 1
Median 2
75th Percentile 4

the baseline distribution of NRTI resistance mutations. In
30 patients (37%), a mixture of wild-type and mutated
residues was found in at least 1 RT position. The mutations
present in more than 10% of the patients were 411, 44D,
67N, 70R, 74V, 1181, 184V, 210W, and 215Y, which were
therefore used to develop the stavudine genotype score.
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FIGURE 2. Virologic outcome of stavudine-containing HAART
by stavudine genotypic score (<2 or>2). A, Week 12 changes in
logqo HIV-1-RNA vs baseline. Open circles indicate median
values; bars bordered by filled circles, interquartile ranges. B,
Week 12 proportion of patients with virologic failure.
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Twelve (92.3%) of 13 patients harboring an HIV variant
bearing the 1181 mutation (HIV-1,;g;) and 48 (78.7%) of 61
not harboring an HIV-1,g; previously received stavudine
(P = not significant).

The drugs combined with stavudine in the salvage
HAART are listed in Table 2. Eighteen patients (21%)
received a new drug class together with stavudine.

The week 12 change from baseline in HIV-1 RNA
levels was —1.61 (IQR, —2.56 to —0.98) log;o copies/mL.
Thirty-five patients (43%) were nonresponders.

RT mutations 67N, 70R, and 74V were not associated
with either a virologic failure or a virologic response. The
relative risks of a virologic failure in the presence of RT
mutations 411, 44D, 1181, 184V, 210W, and 215Y at baseline
are shown in Table 3.

The median stavudine genotype score of the 81 sub-
jects was 2 (IQR, 1-4); the distribution of the scores is
shown in Table 4. The receiver operating characteristic
curve indicated that a score of 2 was the best cutoff point for
virologic failure (C = 0.79; 95% confidence interval [CI],
0.69-0.89; P < 0.0001).

Virologic failure occurred in 7 (18.9%) of 37 patients
with a score of <2 and in 28 (63.6%) of 44 of those with a
score of >2 (P < 0.0001). The week 12 changes from base-
line in HIV-1 RNA levels were significant both in patients
with a score <2 (—2.25 log;o copies/mL IQR, —2.87 to
—1.45; P <0.0001) and in those with a score of >2 (—1.33
log;o copies/mL; IQR, —2.17 to —0.50; P < 0.0001); the
difference between these 2 subgroups was also significant
(P = 0.003; Fig. 2).

The results of the multivariable analysis are shown in
Table 5. In the first model, a previous treatment with
stavudine (P = 0.04) independently predicted virologic
failure, whereas the use of a new drug class independently
predicted a virologic response (P = 0.049). When the
stavudine genotypic score and the number of NEMs were

substituted by the individual mutations associated with
virologic failure at univariate analysis, only the 1181 mutation
(P = 0.04) remained independently predictive of this
outcome.

DISCUSSION

The present study emphasizes that the role of 118I
HIV-1 variants in impairing virologic response to stavudine-
containing regimens might be more relevant than that
hypothesized based upon in vitro phenotypic data and
than that attributed to NEMs. It is possible that this is
the first study to find a correlation between HIV-1;,g; and an
impaired response to stavudine, simply because such a
correlation has never been investigated before. A relation-
ship between the detection of the 44D/A and/or 118] mutation
and previous treatments with didanosine or stavudine has
been found in 2 independent retrospective analyses.'>!?
When we included this mutation in the multivariable model,
the previous use of stavudine (and the introduction of a new
drug class in the new regimen) was no longer predictive of
the virologic outcome.

Phenotypic resistance to stavudine increases propor-
tionally with the number of NEMs." Our univariate analysis
showed that 6 RT mutations were related to the virologic
outcome of stavudine-containing HAART, but not all of the
RT mutations were associated with a lack of response to
stavudine. This finding confirms the fact that phenotypic data
cannot be directly translated into clinical practice, and that
RT mutations and NEMs cannot be considered as a whole, but
each mutation may have different impacts on the virologic
response to different drugs.'*

Consistent with phenotypic data, our patients with
higher stavudine genotype scores showed a worse virologic
response, but the score itself was not an independent
predictor of failure. This was possibly because (1) about

TABLE 5. Multiple Logistic Regression Analysis of the Independent Predictors of Virological Failure to a Stavudine-containing

Salvage HAART

Model 1 Model 2

Variable OR 95% CI P OR 95% CI1 P

BL CD4 + T lymphocytes (per unit increase) 1 0.99-1 NS 1 0.99-1 NS
BL log;o HIV-1 RNA (per unit increase) 0.69 0.29-1.64 NS 0.66 0.27-1.62 NS
Off-therapy at BL 0.46 0.12-1.71 NS 0.7 0.17-2.82 NS
New drug class with stavudine 0.22 0.05-0.99 0.049 0.26 0.05-1.29 NS
Previous treatment with stavudine 10.73 1.17-98.68 0.04 6.71 0.68-65.99 NS
No. previously used drugs (per unit increase) 0.88 0.67-1.14 NS 0.93 0.71-1.23 NS
No. NEMs (per unit increase) 1.34 0.92-1.95 NS NC NC -

Stavudine genotypic score (<2 vs >2) 0.65 0.13-3.32 NS NC NC -

41L RT mutation NC NC - 2.72 0.39-19.23 NS
44D RT mutation NC NC - 2.09 0.22-20.07 NS
1181 RT mutation NC NC - 7.18 1.12-46.19 0.04
184V RT mutation NC NC - 1.95 0.47-8.06 NS
210W RT mutation NC NC - 1.21 0.21-6.87 NS
215Y RT mutation NC NC - 0.96 0.17-5.42 NS

BL indicates baseline; NEMs, nucleotide excision mutations; NC, not considered; NS, not significant; RT, reverse transcriptase.
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one third of the responders had a score greater than 2 and (2)
nonresponders also showed a significant reduction in HIV-1
viral load.

Our results are consistent with those of the Novavir
study,'® and it has been recently reported that stavudine may
retain antiviral activity even in the presence of up to 3
NEMs.'> However, it must be pointed out that our sample size
may have precluded the identification of some correlations
that actually exist; for example, the low prevalence of the 75T
mutation and of some amino acid substitutions known to
confer high-level resistance to stavudine (eg, the 151M
mutation or insertions at codon 69) prevented us from
evaluating their impact on drug response. As 42% of our
patients were off-treatment at the time of genotypic analysis,
it is possible that this was also true for other NAMs because
the significance of missing mutations in the absence and in
the presence of drug selective pressure is very different.

Ideally, the most appropriate way to assess the
genotypic determinants of drug response in patients who
are failing therapy is to add the studied drug to the ongoing
regimen (functional monotherapy). However, this is both
unrealistic and unethical as it is inconsistent with shared
guidelines for the management of HIV-l-infected patients
who are failing therapy, whereas our approach is realistic
(it considers the patient as a whole and not only his or her
virus genotype), ethical, and reflects the international guide-
lines. Furthermore, adding a single drug to a failing regimen
may lead to its efficacy being underestimated in the presence
of a specific genotype because, according to guidelines, a new
drug should usually be administered with at least 1 other drug
not included in the failing regimens and preferably with a new
drug of a new class.

Finally, our study design reflects a consolidated
practice for identifying the genotypic determinants of
response: the genotypic scores for other drugs'®2° have
indeed been defined by administering them along with an
optimized background regimen and not by the mere addition
of 1 drug to the failing therapy.

Overall, our results suggest that, when given as part of
HAART regimen, stavudine may be effective in zidovudine-
experienced patients, at least in the short term. However, the
fact that a significant proportion of patients was off-therapy at
genotyping might, in part, affect the applicability of these
results in patients who do not interrupt treatment before
introducing stavudine. As it has been found that treatment
interruption before salvage therapy can favor a better
virological response in highly pretreated patients,”' it is
possible that the efficacy of stavudine in our study was better
than expected because of the drug withdrawal preceding the
stavudine-containing regimen. By contrast, because most of
the patients were also being treated with other NRTIs, the
virological failure might also be caused by a higher level of
resistance conferred against the combination of NRTIs the
patients received and not just by stavudine.

In conclusions, the 1181 RT mutation was the only
independent genotypic predictor of failure on a stavudine-
containing HAART in HIV-l-infected patients failing on
other antiretroviral treatments. The results of our study
provide a key insight into the determinants of the response to

© 2006 Lippincott Williams & Wilkins

stavudine in drug-experienced patients and could be included
in the clinical decision-making process when evaluating
salvage regimens for patients harboring HIV-1 variants
bearing NAMs.
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