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Abstract

The objective of this study is to review the clinical utility of drug resistance testing
for management of antiretroviral therapy in HIV-1 infection.

Published reports in English of original research and meeting abstracts have been
consulted. As a result, technological advances have led to improved assays for
phenotyping and genotyping HIV-1 directly from plasma samples, making it
feasible to perform drug resistance testing in real time. A correlation between
emergence of drug resistance and virologic failure can be demonstrated for most
antiretroviral agents. Preliminary results from retrospective studies suggest that
drug resistance testing can identify which patients are likely to respond to
particular treatment regimens.

We can conclude that drug resistance testing may be useful in guiding the choice
of initial antiretroviral therapy, explaining and managing treatment failure, and
tracking the transmission of drug-resistant isolates. Ongoing clinical trials will help
to determine whether a treatment strategy that incorporates results of resistance
testing leads to improved clinical outcome. Uniform criteria for interpretation and
quality control are needed in order to standardize assay results across the various
methods being applied. Despite these concerns, resistance testing will become a
valuable tool in the clinical management of HIV-1 infection.
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therapy. This article reviews the kinds of assays
available for HIV-1 drug resistance testing and sum-
marizes the results of recent studies regarding their
clinical utility.

Factors contributing to drug resistance in HIV-1

The high error rate of HIV-1 reverse transcrip-
tase! and the rapid turnover of the virus popula-
tion23 result in the accumulation of a large number
of variants (mutants) in the virus population, which
is termed a quasispecies. Mutations that confer
drug resistance are pre-existent in the quasi-
species but remain at low levels in the population
unless selective pressure (in the form of antiretrovi-
ral therapy) is applied*. Treatment with antiretroviral
agents leads to the emergence of drug-resistant
variants as the predominant species within weeks
to months if therapy fails to suppress completely
virus replication®58. The time required for emer-
gence of resistance depends on the prevalence of
drug resistant variants in the population prior to
treatment, the strength of the selective pressure ap-
plied by the drug (or regimen), and the relative
growth advantage conferred by the mutations in
question. For example, resistance to nevirapine and
lamivudine emerges within weeks of initiating
monotherapy due to point mutations that result in a
thousand-fold reduction in susceptibility to those
drugs. By contrast, resistance to dideoxynucleo-
sides (eg., didanosine and zalcitabine) emerges
slowly as a result of mutations that confer only mod-
est levels of drug resistance. In the case of zidovu-
dine and the protease inhibitors, high-level resis-
tance occurs as the consequence of the accumula-
tion of multiple mutations over time®'. For a de-
tailed discussion of resistance to individual anti-
retroviral agents the reader is referred to several re-
cent reviews'15,

Although emergence of drug resistance over
time is nearly universal in the setting of partially
suppressive therapy, numerous factors in addition
to drug resistance can contribute to treatment fail-
ure. These include low intrinsic potency of a drug or
regimen, poor adherence, persistence of viral
reservoirs in compartments into which drugs pene-
trate poorly, and the lack of appropriate drug acti-
vation in resting cells'®. Taken together these fac-
tors combine to limit drug,activity, resulting,in ongo-
ing virus replication a ur’%@o ioled m
decline.
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Genotypic assays

The specific sequence of nucleosides that cons-
titute the genes of HIV-1 defines the viral genotype.
Genotypic assays for drug resistance are those that
seek to determine the nucleotide sequence (and by
inference the predicted amino acid sequence) of
the genes that encode reverse transcriptase [RT]
and protease [PR]. All such assays depend upon
amplification of HIV-1 PR and RT genes from viral
RNA in plasma (by means of reverse transcriptase-
coupled polymerase chain reaction [RT-PCR]) or
from proviral DNA (by PCR). The PR-RT amplicons
can then be subjected to automated DNA se-
quencing by a variety of techniques, probed by hy-
bridization-based assays such as the line probe as-
say (LiPA)", tested by further PCR using selective
priming (ARMS8) or selective nucleotide addition
(point mutation assay)'. Automated sequencing
usually provides comprehensive data regarding the
entire PR and RT genes, which may be more infor-
mation than is required in most clinical situations.
Assays such as the LiPA, selective PCR or point
mutation assay provide a narrower spectrum of
data limited to the specific codons implicated in
drug resistance.

Phenotypic assays

The characteristics and growth properties of a vi-
ral isolate are referred to as the viral phenotype. In
the context of drug resistance, phenotype refers to
the susceptibility of HIV-1 to inhibition by a particu-
lar drug. Drug susceptibility is defined by determin-
ing the amount of drug required to inhibit virus pro-
duction in vitro by 50%, 90%, or 95% (IC, IC,,, or
ICqe, respectively). The data suggest that each of
these parameters is similarly useful in identifying
susceptible and resistant viruses, but for technical
reasons the IC,, usually can be determined with the
greatest precision.

Initial drug susceptibility assays for HIV-1 re-
quired the preparation of high-titer stocks of prima-
ry virus isolates®. This procedure was laborious
and time-consuming, requiring six to eight weeks to
generate a result. Because primary clinical isolates
grow_best in_peripheral blood mononuclear cells
(PBMC), these assays made use of lectin-stimulated
PBMC from seronegative donors. However, PBMC
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Table 1. Advantages and disadvantages of drug resistance tests for HIV-1.

Genotypic Assays
Advantages
— Relatively simple to perform
— Widely available
- Rapid turn-around time
— Allow detection of sentinel mutations prior
to change in phenotype

Phenotypic Assays
Advantages
— Assess “net” affect of mutations on drug
susceptibility
— Provide data on cross-resistance

Disadvantages

— Insensitive to presence of minor variants

— Interpretation requires prior knowledge of genetic
determinants of resistance

— Cannot predict affect on phenotype of mutational interactions

Disadvantages

— Insensitive to presence of minor variants

— Time-consuming and expensive to perform

— Complexity of the assays limits availability
outside a small number of laboratories

— Slow turn-around time

Table 2. Potential clinical application of drug resistance testing in HIV-1 infection.

— Guide selection of initial antiretroviral regimen.
— Explain and manage treatment failure.
— Track prevalence of drug resistance in primary HIV-1 infection.

tion. In general, IC. 's that are >4-fold higher than
control isolates suggest resistance to the drug in
question. Recombinant virus assays are amenable
to automation, resulting in a substantial reduction in
the amount of the labor required.

Advantages and disadvantages of resistance
assays

Genotypic and phenotypic resistance assays
provide complimentary information. Both approach-
es have distinct advantages and disadvantages,
but all assays share certain limitations (Table 1). For
example, currently available assays are relatively
insensitive to the presence of minority species in
the virus population. Therefore, resistant variants
may not be detected by most genotypic and pheno-
typic assays until they constitute >20% of the qua-
sispecies. In addition, technical limitations in the
RT-PCR step required to amplify PR and RT genes
make it difficult to obtain reliable results when the

interactions on phenotype. This situation is illustrated
best by the variable effect of the lamivudine resis-
tance mutation (M184V) on resistance to zidovu-
dine?®24, Polymorphisms and mutations at numer-
ous loci not directly involved in drug resistance ap-
pear to modulate the expression of dual resistance
to ZDV and 3TC?26_ Similarly, the extent of cross-
resistance among drugs within a class (eg., pro-
tease inhibitors) can be difficult to predict on the
basis of genotype alone.

Phenotypic assays can provide susceptibility
data even if the genetic basis of resistance to a par-
ticular drug has not yet been worked out. Most clin-
icians are more familiar with interpreting data ex-
pressed as IC's or IC,,'s as compared to genotyp-
ic data. However, specific break-points for classify-
ing isolates as sensitive or resistant have not been
established or clinically validated for most antiretro-
viral drugs. Phenotypic assays also have the ad-
vantage of determining the net affect of different mu-
tations on drug susceptibility and cross-resistance.
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treatment failure or merely a consequence of dis-
ease progression and ongoing virus replication. Al-
though several studies indicated that emergence of
resistance mutations preceded a decline in CD4+
lymphocyte count, they did not determine whether
presence of drug resistance contributed to disease
progression independent of other prognostic mark-
ers such as CD4+ lymphocyte count, syncytium-
inducing phenotype, and antiretroviral therapy?”2,
Ultimately, studies showed that ZDV resistance
confers a significantly increased risk of disease
progression and death in ZDV-treated patients in-
dependently of other risk factors®®3!. With the ad-
vent of plasma HIV-1 RNA monitoring, the relation-
ship between drug resistance and virologic failure
has become clearer. Such a relationship has been
demonstrated for nearly every antiretroviral agent in
clinical use.

Recent studies document the occurrence of viro-
logic failure without emergence of PI resistance in
the setting of good treatment adherence. In a study
of induction/maintenance therapy (ACTG 343) pa-
tients were treated with ZDV/3TC/IDV for six months
and subsequently randomized to ZDV/3TC, IDV
monotherapy, or continued triple therapy®. No evi-
dence of IDV resistance was found in isolates ob-
tained at the time of first virologic failure from patients
randomized to IDV monotherapy or to continued
ZDV/3TC/IDV. By contrast, the M184V 3TC resis-
tance mutation was detected in all isolates from pa-
tients failing ZDV/3TC/IDV®. Similar findings have
since then been reported in the Trilége study3*.

Several hypotheses have been suggested to ex-
plain this finding: 1) 3TC-resistant variants arise
more rapidly than IDV-resistant variants due to a
greater selective advantage (in the presence of
drug) conferred by the M184V mutation than any
single protease mutation; 2) the maintenance regi-
mens, and in some cases the induction regimen,
lacked sufficient potency to maintain virus suppres-
sion in some patients even in the absence of Pl re-
sistance; 3) an increase in available target cells
(activated CD4+ lymphocytes) led to increased
virus replication and virologic breakthrough. This
latter explanation is supported by results of mathe-
matical modeling that predicted that patients with
the greatest increase in CD4 lymphocyte counts
during the induction phase would be at greatest

risk of virologic failure during the maintenance
phase®. These results Tﬁ\&l@ ifﬁ@)ﬁ’éﬂ@ﬁ&%d

for interpreting the results of resistance testing in

b

of virologic response in patients who had failed at
least one protease inhibitor-containing regimen. All
patients received ritonavir (RTV) plus saquinavir
(SQV) plus two nucleoside RT inhibitors (NRTIs),
usually stavudine (d4T) or ZDV in combination with
3TC. Approximately 40% had a complete response,
but one-third of patients failed to respond to the sal-
vage regimen. Disease stage, CD4+ lymphocyte
count and plasma HIV-1 RNA level at baseline were
predictors of response (P<0.03), as were the num-
ber of prior NRTIs and protease inhibitors (Pls) and
the duration of prior therapy (P<0.05). However, lin-
ear regression models also showed a strong asso-
ciation between the number of protease resistance
mutations and antiviral response (P<0.001). Step-
wise regression models showed that any combina-
tion of three or more mutations at codons 30, 46, 54,
82, 84, or 90 was highly predictive of treatment fail-
ures,

Another study demonstrated the potential clinical
utility of phenotypic susceptibility testing. In this
open-label study, 18 patients failing indinavir thera-
py received regimens that included abacavir
(ABC), nelfinavir (NFV), saquinavir soft-gel cap-
sules (SQVsgc), and nevirapine (NVP) or ABC, NFV,
SQVsgc, and another NRTI. Baseline plasma HIV-1
samples were tested retrospectively by a recombi-
nant virus assay?. Patients with HIV-1 that re-
mained sensitive to two or three drugs in the rescue
regimen were significantly more likely to have a vi-
rologic response as compared to those whose virus
was sensitive to one or no drugs in the salvage
regimen (P=0.007)%.

Genotype was also predictive of the response to
nelfinavir in heavily pre-treated patients who re-
ceived nelfinavir through the U.S. expanded access
program. Patients had received a mean of 4.5 RT
inhibitors and more than 80% had previously re-
ceived at least two protease inhibitors. Genotypic
analysis of PR performed on HIV-1 sequences from
28 patients demonstrated Pl resistance mutations
at codons 48, 82, 84, and/or 90. A statistically sig-
nificant relationship was observed between the
number of such mutations and virologic response
(P=0.013)%.

Both genotype and phenotype were highly pre-
dictive of virologic outcome in a cohort of 84 NRTI-
experienced patients who received treatment with

ritonavir plus saquinavir, Patients with susceptible
U brﬁﬁaﬂ@ﬂre@fhﬁy R 12 times more likely to
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in some studies was relatively small. Results from a
number of randomized trials that prospectively test
the use of resistant assays in patient management
are expected soon.

Clinical uses of HIV-1 drug susceptibility
testing

Assays for HIV-1 drug resistance potentially
could be useful in guiding antiretroviral therapy in
several ways (Table 2). These include choice of ini-
tial treatment regimen, explaining and managing
treatment failure, and tracking the prevalence of pri-
mary (i.e., transmitted) drug resistance. Recent
data suggest that drug resistance mutations are
present in HIV-1 from 10-15% of newly infected in-
dividuals*'#?, although the prevalence of resistance
in treatment-naive individuals varies by region.
Transmission of multiply resistant HIV-1 also has
been documented*®. Screening for the presence of
drug resistance prior to initiating antiretroviral ther-
apy is sensible, particular in areas of high preva-
lence. In the absence of antiretroviral therapy resis-
tant variants that are transmitted could be over-
grown by wild-type revertants. Resistant variants
would persist as minor species but go undetected
by currently available assays. Nevertheless, these
variants would emerge rapidly once antiretroviral
therapy is initiated. Therefore, resistance testing will
be most sensitive for detecting transmission of
drug-resistant HIV-1 if performed as close as possi-
ble to the time of transmission.

The emergence of HIV-1 variants with altered
drug susceptibility or carrying known resistance
mutations in the context of a rising plasma HIV-1
RNA level is evidence that the drug(s) in question
no longer is effective. Conversely, the complete ab-
sence of drug resistance markers in a patient with
a rising plasma HIV-1 RNA level suggests poor
adherence or inadequate potency of the regimen.
In either case, a change in regimen is warranted. In
the case of poor adherence, factors such as toxici-
ty or complexity of the regimen that complicate ad-
herence should be identified and alternative agents
selected, if available. Treatment intensification may
be necessary in the case of the adherent patient
unable to-achieve complete viral suppression de-
spite the absence of drug resistance.

For patients with dru reS|stant HIV ﬁf‘ldlts of
resistance testing may ol
vage therapy. Drug reS|stanoe testmg is likely to be
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Conclusions

Advances in genotypic and phenotypic tests for
detecting drug resistance in HIV-1 make it feasible
to apply these assays in the management of anti-
retroviral therapy for infected individuals. Although
a number of questions remain unanswered, prelim-
inary results suggest that use of these tests may be
beneficial in guiding the choice of treatment regi-
men in patients failing current therapy. Whether a
treatment strategy that incorporates results of resis-
tance testing leads to improved clinical outcome is
the subject of several ongoing clinical trials. Uni-
form criteria for interpretation and quality control are
needed in order to standardize assay results across
the various methods being applied. Despite these
concerns, it now seems likely that resistance testing
will become a routine part of clinical management
of HIV-1 infection in the near future.
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