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Objective: To assess HIV-1 RNA levels and the relationship between HIV-1 reverse
transcriptase (RT) genotype from plasma and cerebrospinal ¯uid (CSF) during treat-
ment with abacavir (Ziagen, ABC) or placebo in combination with stable background
therapy (SBG) in subjects with AIDS dementia complex (ADC) (study CNA3001).

Design: One-hundred and ®ve HIV-1 infected adults with ADC were randomized to
receive either ABC (600 mg twice daily) or ABC-matched placebo (twice daily) in
addition to SBG for 12 weeks.

Methods: Plasma and CSF were collected for population sequencing at baseline and
week 12 (CSF optional). Sequences were analyzed for mutations associated with
resistance to nucleoside reverse transcriptase inhibitors (NRTI).

Results: Sixty out of sixty-seven subjects with baseline plasma HIV-RT sequence data
harbored virus with > 1 NRTI-associated mutations; 50 out of 67 had the M184V
mutation. At week 12, more subjects in the ABC group had plasma HIV-1 RNA < 400
copies/ml than the SBG group (46% versus 13%, P � 0.002). Non-response to ABC
was associated with multiple baseline zidovudine (ZDV)/stavudine (d4T)-associated
mutations. Baseline RT mutation patterns differed in 14 out of 21 (67%) paired
samples from plasma and CSF. Four subjects experienced . 1 log10copies/ml reduc-
tions in CSF HIV-1 RNA, two in the absence of reductions in plasma HIV-1 RNA and
two with undetectable plasma HIV-1 RNA at baseline.
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Conclusions: Substantial decreases in plasma and CSF HIV-1 RNA following addition
of ABC were not precluded by baseline HIV-1 NRTI-associated mutations, including
the M184V mutation, but non-responders commonly harbored multiple ZDV/d4T-
associated mutations. HIV-1 RNA responses and RT genotype appear to be discordant
between CSF and plasma in some subjects. & 2001 Lippincott Williams & Wilkins
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Introduction

Abacavir (ABC, Ziagen) is a uniquely activated HIV
reverse transcriptase (RT) inhibitor/substrate that pro-
duces marked and sustained reductions of plasma HIV-
1 RNA [1,2]. ABC had previously been shown to cross
into the cerebrospinal ¯uid (CSF; 10±25% of plasma
levels) and to have anti-HIV activity in all cell types
tested, including monocytes and macrophages [2,3].
These properties suggested that ABC may be a useful
agent as part of a combination regimen for the
treatment of AIDS dementia complex (ADC) and led
to the initiation of study CNA3001. The primary
ef®cacy measure was changes in neuropsychological
performance (reported separately); the study also eval-
uated the relationship between plasma and CSF HIV-1
RT-genotype in subjects with ADC treated with
ABC-containing therapy.

Methods

Study design and subject population
CNA3001 was a phase III randomized, placebo con-
trolled, double-blind study conducted at 13 sites in
Australia, Canada, the USA and the UK. Enrollment
was restricted to HIV-1 seropositive adults, aged 18 to
65 years with Stage 1 or 2 (mild to moderate) ADC
according to the MSK scale [4], who had received the
same antiretroviral treatment for a minimum of 8
weeks prior to study entry. In addition to their current
antiretroviral treatment, subjects were randomized to
receive either ABC (600 mg twice daily) or ABC-
matched placebo (twice daily) for 12 weeks.

Plasma and CSF HIV-1 RNA
Plasma HIV-1 RNA was evaluated by Amplicor HIV-
1 MONITOR v1.0 (Roche Molecular Systems, Som-
erville, NJ, USA), lower limit of detection
2.6 log10(400) copies/ml. CSF HIV-1 RNA (optional
except at baseline) was quanti®ed using NASBA HIV-
1 QT technology (Organon Teknika, Duham, NC,
USA) [5], limit of detection 2.0 (100) copies/ml.

Genotype analysis
The HIV-1 coding region was ampli®ed from plasma
samples extracted by NASBA HIV-1 QT technology
(Organon Teknika) using the rTth XL RT±PCR kit
(Perkin-Elmer, Foster City, CA, USA). Puri®ed cDNA
was sequenced using the PRISM FS dye terminator
cycle sequencing kit (Applied Biosystems, Foster City,
CA, USA) and resolved on an ABI 373 DNA sequen-
cer. Data were aligned and analyzed using the Se-
quencher program. Where mixed viral populations
were present, a ratio of mutant to wild-type electro-
pherogram peak size greater than 70% was designated
as mutant.

Results

Study population
A total of 105 subjects was randomized into the study
but three subjects from each group withdrew prior to
the baseline evaluation, hence data were collected from
49 subjects from the ABC � stable background therapy
(SBG) group and 50 subjects from the SBG alone
group (intent-to-treat population). The two groups
were balanced in baseline parameters with the excep-
tion of plasma HIV-1 RNA. Median baseline plasma
HIV-1 RNA for subjects in the ABC � SBG group
was 3.72 log10 copies/ml (range, 2.6±5.85 log10 co-
pies/ml) versus 4.50 log10 copies/ml (range, 2.6±
6.12 log10 copies/ml) for subjects in the SBG alone
group. A total of 10 out of 44 (23%) of subjects in the
ABC � SBG group and four out of 45 (9%) in the
SBG alone group had baseline plasma HIV-1 RNA
< 400 copies/ml, although the difference was not
signi®cant (P � 0.084). The median CD4 cell count
was 150 3 106/l and 188 3 106/l, median baseline
summary neuropsychological score ÿ2.3 and ÿ1.8 for
the ABC � SBG and SBG alone groups respectively.

All subjects, except one, were receiving treatment with
between one and ®ve antiretroviral agents (ART) at
study entry; approximately half were receiving triple
ART, but the exact duration of each therapy prior to
the 8 week protocol requirement was not available.
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The most commonly used therapies were lamivudine
(81%), zidovudine (ZDV; 56%) and indinavir (38%).

Antiviral ef®cacy
By Week 12, the majority of subjects in the study had
improvements in virological and neuropsychological
measures, regardless of treatment group.

The percentage of subjects with plasma HIV-1 RNA
< 400 copies/ml was signi®cantly higher in the
ABC � SBG treated group than in the SBG alone
group (46% versus 13%; P � 0.002). Following addi-
tional analyses accounting for baseline detectability
status, the results at week 12 still favored the
ABC � SBG group (P � 0.029).

The CSF HIV-1 RNA levels were similar between
treatment groups at baseline; 56% of subjects in each
group with available CSF samples had levels , 100
copies/ml (25/45 for the ABC � SBG group and 19/
34 for the SBG alone group). Of the CSF samples
available at week 12, the majority had HIV-1 RNA
values below the limit of detection with 83% (19/23)
, 100 copies/ml in the ABC � SBG group and 75%
(12/16) , 100 copies/ml in the SBG alone group.

Genotype versus HIV-1 RNA response
Due primarily to the unexpectedly low HIV-1 RNA
copy number at baseline, only 67 plasma and 26 CSF
samples were successfully genotyped.

Most subjects (60/67, 90%) harbored virus in plasma
with RT-mutations associated with resistance to one or
more of the nucleoside reverse transcriptase inhibitors
(NRTI) and 21 out of 26 (81%) of virus samples
obtained from CSF had similar genetic mutations
associated with NRTI phenotypic resistance. The
incidence of mutations associated with ZDV and
stavudine (d4T) was similar in virus from plasma (76%)
and CSF (73%), but there was an apparent difference in

the incidence of M184V between the compartments
(75% for plasma and 50% for CSF).

Plasma HIV-1 RNA response at week 12 in relation to
the baseline plasma virus genotype is presented in
Table 1.

The majority of subjects in the ABC � SBG (23/33)
and in the SBG alone (27/34) groups had virus with
the M184V mutation at baseline, often accompanied
by other NRTI-associated mutations. The presence of
the M184V and up to two ZDV/d4T-associated muta-
tions did not preclude antiviral ef®cacy of ABC therapy
or of SBG alone. The most common genotype asso-
ciated with no response to ABC included multiple
ZDV and d4T-associated mutations. More non-respon-
ders (10/16, 63%) than responders (1/6, 17%) to ABC
had multiple (more than three) ZDV/d4T-associated
mutations. The most common baseline HIV-1 RT
mutations among non-responders were M41L, K70R,
M184V, L210W and T215Y with each being present
in baseline virus for at least 50% of non-responders.
The most common baseline HIV-1 RT mutations
among responders to ABC were M41L, K70R,
M184V and T215Y. The M184V was present at base-
line for 11 out of 16 (69%) of non-responders and ®ve
out of six (83%) of responders to ABC, suggesting it
has little predictive value for response to ABC. The
single subject with baseline virus containing only the
M184V mutation had a 1.7 log10 copies/ml decrease
(to < 400 copies/ml) in plasma HIV-1 by week 12 of
ABC � SBG therapy.

Plasma and CSF comparison
Levels of HIV-1 RNA in CSF and plasma tended to
¯uctuate together, although there were some discor-
dant responses. CSF and plasma viral genotypes were
different in 14 out of 21 (67%) of baseline pairs. Most
differences were `minor' changes in ZDV/d4T-muta-
tion pro®les, such as the presence or absence of

Table 1. Response at week 12 to treatment by baseline plasma genotype.

ABC � SBG group (n � 33) SBG alone group (n � 34)

Baseline reverse transcriptase genotype
Non-detectablea viral

load (baseline)
Responseb or with non-

detectable viral load
Non-detectablea viral

load (baseline)
Responseb or with non-

detectable viral load

No mutations 4/6 67% 5/6 83% 1/1 100% 0/1 0%
1±2 mutations 2/6 33% 3/6 50% 0/10 0% 4/10 40%
> 3 mutations 6/21 29% 8/21 38% 2/23 9% 7/23 30%
Any mutation, except M184V 0/4 0% 0/4 0% 0/6 0% 1/6 17%
M184V � any mutation 7/23 30% 11/23 48% 2/27 7% 10/27 37%
1±2 ZDV/d4T mutations ÿ M184V 0/1 0% 0/1 0% 0/1 0% 0/1 0%
> 3 ZDV/d4T mutations ÿM184V 0/3 0% 0/3 0% 0/3 0% 1/3 33%
1±2 ZDV/d4T mutations �M184V 4/10 40% 6/10 60% 2/10 20% 3/10 30%
> 3 ZDV/d4T mutations �M184V 4/11 36% 4/11 36% 0/11 0% 4/11 36%
Total 10/33 30% 16/33 48% 2/34 6% 12/34 35%

aLower limit of detection, 400 copies/ml. bPatients achieving > 0.5 log10 copies/ml decrease in viral load. ABC, Abacavir; SBG, stable
background therapy; ZDV, zidovudine; d4T, stavudine.
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L210W or K219Q in a similar background of M41L,
D67R and T215Y. Some of the most notable differ-
ences are shown in Table 2. At baseline, six subjects in
the SBG alone group and one in the ABC � SBG
group had virus with the M184V mutation in plasma,
but not in CSF.

CSF HIV-1 RNA response at week 12 and baseline
viral genotype are available for six subjects in the SBG
alone group and ®ve subjects in the ABC � SBG
group. In the SBG alone group ®ve out of six subjects
had baseline CSF virus carrying more than three
NRTI-associated mutations; three out of ®ve had CSF
HIV-1 RNA reductions at week 12.

In the ABC � SBG group three out of ®ve baseline
CSF isolates carried more than NRTI-associated muta-
tions and two out of three had a reduction in CSF
HIV-1 RNA at week 12 to , 100 copies/ml. Four
subjects experienced . 1 log10copies/ml reductions in
CSF HIV-1 RNA, two in the absence of reductions in
plasma HIV-1 RNA and two with undetectable plasma
HIV-1 RNA at baseline, suggesting that ABC may
have ef®cacy in the CSF even in the absence of
detectable ef®cacy in the plasma.

Discussion

Given the current understanding of viral RNA re-
sponses to combination therapy and ABC cross-resis-
tance [6,7], the inconclusive results from CNA3001 are
not surprising. At the time this trial was designed, the
potency of triple combination therapy was not fully
appreciated and the high percentage of subjects with

undetectable virus at baseline (plasma and CSF) was
unexpected. Likewise, the time for plasma HIV-1
RNA to reach nadir following initiation of a new
combination ART is now known to be considerably
longer than the entry criterion of 8 weeks allowed for
this trial, providing the most likely explanation for the
numerous HIV-1 RNA responses to placebo in both
CSF and plasma.

However, this study con®rmed that baseline HIV-1
RT mutations known to be associated with resistance
to NRTI did not preclude substantial decreases in
plasma and CSF HIV-1 RNA following addition of
ABC to SBG. Multiple mutations associated with ZDV
and d4T resistance appeared to predict a diminished
likelihood of virologic response to ABC. Genome
sequencing revealed the potentially important ®nding
that CSF and plasma could harbor major populations of
virus with different HIV-genotypes. HIV-1 RNA
responses and RT genotype may be discordant between
CSF and plasma.

These data support the contention that viral suppression
in the periphery may be inadequate in the absence of
viral suppression in the CNS. If this is true, it will be
critical to include antiretroviral drugs that are active in
the CNS in all combination therapies designed for
durable and complete suppression of viral replication.

Sponsorship: Supported by Glaxo Wellcome.
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