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Abstract

Drug resistance is either the cause or the inevitable consequence of treatment
falilure. HIV genotyping is now recommended to select the best antiretroviral
therapy in a given patient in selected situations, but the benefit is greatly
dependent of adequate interpretation and of the number of drugs for which
sensitivity is apparently preserved. Information available support the use of drug
resistance testing in subjects not exposed to antiretroviral agents in at least four
situations: HIV-infected pregnant women, children born and infected from treated
mothers, individuals presenting with the acute retroviral syndrome or having
seroconverted within the past year, and in the setting of post-exposure
prophylaxis. Among pre-treated persons, drug resistance testing seems to be a
particularly useful tool in subjects on early virologic failure. The benefit of drug
resistance testing in naive individuals with chronic HIV infection or in heavily pre-
treated persons on failure is so far not well established. The reliability of testing
subjects with non-B viruses or with low levels of viremia is under discussion. The
search for new drug-resistant genotypes and the establishment of large databases
pairing geno-phenotypes must be encouraged.
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Table 1. Summary of expert panel recommendations for resistance testing.

Clinical Setting IAS-USA® DHHS’ Spanish guidelines® Euroguidelines®
Pregnancy R R R R

Infected children born R R R R
Primary/Recent HIV infection C C R RorC

PEP R NR NR R

Chronic HIV infection C NRorC NR C or store specimen
First regimen failure R R R R

Multiple regimen failure R R R R

R: Recommended
C: Consider
NR: Not Recommended

+ in other situation (or store specimen)

*if treatment to be initiated and either high local transmission rate of resistance or transmission suspected from a treated individual.

mary resistance) or in those failing therapy (sec-
ondary resistance)’®"'. The information available
supports the use of drug resistance testing in sub-
jects not exposed to antiretroviral agents in at least
four situations: HIV-infected pregnant women, chil-
dren (infected) born from treated mothers, subjects
presenting primary HIV infection or having had a
recent seroconversion (within the past year), and
post-exposure prophylaxis (PEP). Among pretreat-
ed persons, drug-resistance testing seems to be a
useful tool in the setting of early virological failure,
as well as for selecting the best options in heavily
pretreated subjects. We will discuss separately, in
detail, each of these situations. So far, no data are
available supporting the use of drug-resistance
testing in naive subjects with chronic HIV infection,
or in patients having undetectable plasma viremia
in response to therapy.

HiIV-infected pregnant women

Mother-to-child transmission of HIV infection has
declined dramatically since the wide prescription of
antiretroviral drugs during pregnancy and at the
time of delivery. Amongst other factors, suppression
of plasma viral load to undetectable levels at birth
seems to be one, if not the most important, variable
accounting for this protective effect™. Although
prospective, randomized trials proving this benefit
are mainly limited to zidovudine (ZDV)® and nevi-
rapine™, it is generally believed that the success in
preventing vertical

| [
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discussed later, a rate of primary resistance ranging
from 5 to 25% in adults from many developed coun-
tries supports this intervention™.

Children (infected) born to treated mothers

Despite the number of new HIV-infected new-
borns being currently very low in developed coun-
tries, children who acquire HIV infection from moth-
ers exposed to antiretroviral drugs during
pregnancy are more likely to be infected with resis-
tant viruses'® '8, Recent studies have highlighted the
high rate of AZT or NVP mutations when these
drugs are used as prophylaxis to prevent transmis-
sion. In the context of a wide HIV-1 variability, resis-
tance can be one of the factors contributing to
mother-child transmission™®, Treatment is often
introduced early in HIV-infected children and, there-
fore, the first combination is particularly crucial for
them. Thus, resistance testing should be given to all
children born to HIV-infected mothers who become
infected, and this recommendation could be
extended to children born of mothers never
exposed to antiretroviral drugs, since the incidence
of primary resistance is growing in many areas’.
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Table 2. Rate of primary resistance to antiretroviral drugs in studies performed in recent seroconverters.

Yerly? Boden® Brodine? Salomon? Wegner®
Country ~ Switzerland USA USA Canada USA
Period 1996-1998 1995-1999 1997-1998 1997-1999 1999
Population 82 80 31 81 114
Genotypic
resistance:
Anydrug  10% 16% 26% 20% 221%
NRTIs 10% 12.5% 10% 18% 4.3%
NNRTIs  24% 75% 13% 4% 15.8%
Pls 4% 25% 16% 7% 9.5%

Briones™ Mir¢?” Little® Yerly3® De Mendoza®
Madrid Barcelona USA Switzerland Madrid
1997-1999 1997-1999 1999-2000 1999 2000-2001

30 25 108 61 21

26.7% 16% 14% 5% 4.8%

23.3% 4% 82 ND 0%

3.3% 8% 71 ND 0%

6.7% 4% 82 1.9% 4.8%

NRTIs: nucleoside retrotranscriptase inhibitors
NNRTIs: non nucleoside retrotranscriptase inhibitors
Pls: protease inhibitors

ND: not done

(3TC) or intermediate (ZDV) genetic barrier to resis-
tance. However, recent surveys in Europe have
noticed a reduction in the rate of resistance (~5%)
among recent seroconverters®®. This unexpected
finding seems to reflect the growing number of new
infections originating from individuals who have never
been exposed to antiretroviral drugs, often because
they are not aware of their HIV-positive status. Sup-
porting this hypothesis is the fact that a large propor-
tion of these recent infections came from immigrants
from endemic regions and due to non-B viruses®.
Response to first antiretroviral regimens has been
shown to be compromised in subjects carrying pri-
mary drug resistance®®*®, although the use of drug
combinations can preclude its recognition, at least in
the short-term®. In the ICONA trial®, a multicentre
Italian study, a poor virological response to first-line
therapy was correlated with the presence of base-
line genotypic drug resistance. In the ACTG 343, an
induction maintenance trial, subjects harboring ZDV
resistance at baseline tended to suffer viral rebound
more frequently at the maintenance phase®.
Resistance mutations tend to disappear from
plasma HIV-RNA if drug pressure is not main-
tained*!. In chronically infected subjects failing ther-
apy there is a latent reservoir of wild-type virus (hid-
den as proviral DNA) that may outgrow mutant virus
as soon as drug pressure is removed. The situation
may be quite different in recent seroconverters with
primary resistance, in whom there may not be any
wild-type virus to quickly outgrow mutant virus. In
fact, some reports hav %w 1—0 fmr i
primary HIV infection rmsyt%gﬁs r rrrq éﬁlpu

long time*. However, recovery of HIV-specific

presenting with acute infe%ion, and *% whom anti-
ni

retroviral therapy is Deing nitated, $to@d

sidered for resistance testing in order to detect

an unknown length of time, are less likely to harbor
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in
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mutant viruses than those recently infected. The
current armamentarium of drugs was only intro-
duced onto the market after 1995, and the propor-
tion of patients beginning therapy expanded dra-
matically only after that time. Persons previously
infected were less likely to be exposed to others
with antiretroviral drug experience. Moreover, resis-
tance could have been selected only against a few
drugs, mainly to ZDV. All these circumstances
explain why the rate of primary resistance to anti-
retroviral drugs is much lower among naive individ-
uals with long-lasting HIV infection than in recent
seroconverters. In the Spanish ERASE-1 and -2
studies®*, two multicentre trials in which samples
collected since 1993 were examined, the preva-
lence of primary resistance was below 10-15% in
naive subjects with prolonged HIV infection. More
recently, in the ERASE-3 study* conducted in the
year 2000, we noticed the same decline in the rate
of primary resistance that has been noticed among
recent seroconvertors. Therefore, resistance testing
seems not to be justified in chronic HIV-infected
persons before beginning treatment, in the absence
of particular circumstances®.

Post-exposure prophylaxis (PEP)

Post-exposure prophylaxis (PEP) to prevent HIV
infection after occupational exposure to HIV is rec-
ommended by the US Public Health Service®. The
HIV antibody status, antiretroviral treatment history,

VW | of the source of expo-
?jﬂe@na@ﬂ?sgst inc skr)(gting a PEP regimen to
which the virus is least likely to be resistant’’. PEP

ptimized through resistance
ich a recent sample from the

ind ase is available, -although initiation of pro-
b bI0o kgl St At be delayed.

transmission of drug resistance virus andrthe regi- : . .
men modified accordingly. 6d|: %%; pL&a“\Shﬁroglcal failure

e PErmanyer LU

Both baseline genotyping and phenotyping have

eerj shown to predict the respense-to salvage ther-
feations it
tudie g/ providéd evi-

dence favoring the use of resistance testing for




Carmen de Mendoza, et al.: Update on Genotype-Guided Antiretroviral Therapy

Table 3. Virological response to salvage therapy guided by either resistance testing or standard of care in 3 prospective studies.

Study Design Duration No patients 1 Pl failure Change in VL <400 HIV-RNA cop/ml
(weeks) (%) log HIV-RNA (% of patients)
VIRADAPT® GTvs.SOC 24 108 40 -1.15vs.-0.67 32vs. 14*
(p=0.05) (p=10.067)
GART®* GTvs. SOCH 12 153 50 -0.94 vs. -0.47 34 vs. 22
(p=0.003)
VIRA 3001% PT vs. SOC 16 274 100 -1.23 vs.-0.87 45vs. 34
(p=0.004) (p=0.099)
HAVANNA® GTvs. SOC+ 24 274 23 -1.1vs.-0.8 57 vs. 42%!
KAISER®® PT vs. SOC 16 115 25 -0.25vs.-0.4 Not available
(p =ns)
NARVAL®® GTvs. PT 12 541 <30 ND 41 vs. 33 vs. 34"
vs. SOC* (p =0.249)
ARGENTA® GTvs.SOC 12 174 50 ND 27 vs. 12 (p = 0.02)*
24 21vs. 17 (p = ns)t
CCTG 575 PT vs. SOC 24 256 80 -0.71 vs.-0.69 48 vs. 481
(p=ns)

*Limit of detection = 200 copies/ml
tLimit of detection = 500 copies/ml
*Resistance test results included expert interpretation

GT:genotype. PT:phenotype. SOC:standard of care. ND:not done. ns = not significant

choosing the best combination of drugs as rescue
intervention in persons failing therapy®-®'. Although,
on average, the virological benefit is modest (Table
3), it might have a significant clinical impact. There
are important differences between these studies.
The NARVAL® and the Kaiser® ftrials included
patients who were much more pre-treated and no
clear advantage of resistance assays in terms of
viral load response was observed. By contrast,
VIRADAPT®, GART®* and VIRA3001% demonstrated
a benefit in terms of virological outcome: patients
whose therapy changes were guided by resistance
testing reached better viral load response compared
with patients receiving usual care. The HAVANNAY
trial was an important step forward in our under-
standing of the relative effects of resistance testing
and expert advice. In early prospective trials using
genotyping, such as the GART study®, it was never
clear how much of the benefit in virological response
was due to resistance testing itself and how much
was due to the expert advice that accompanied the
results. From the HAVANNA study we know that
expert advice and crude HIV genotypes have inde-
pendent and additional benefits on patient care.

If resistance testing is expected to prowde a clear
advantage in rescue |ht tionsyfotp.
encing failure with their cgpgegmwgap@y itism
because it can allow the substitution of only on

two drugs in the failing reginfe@ $tead) of fepl

all the drugs with new ones (Fig. 1). Compounds Wlth

low genetic barrier, i.e. lamivudine,or,nevirapine, are
those mainly comprom»/sl&ﬁ @é@hﬁy r\hﬁr BIJQJs

after variable per|ods of undetectable V|rem|a under

sequencing therapies with greater chances of suc-
cess®. There are examples for all three classes of
antiretrovirals. For nucleosides, failures using ZDV-
containing regimens often select viruses with muta-
tions at codon 215, which reduce the response to
any rescue intervention using stavudine®; converse-
ly, since one third of subjects failing stavudine devel-
op ZDV-like mutations®” %, a lower response to ZDV-
containing regimens is expected in this circumstance.
Therefore, alternative nucleosides, such as didano-
sine, lamivudine or abacavir should be preferred if
only a few nucleoside-associated mutations are pre-
sent. For non-nucleosides, the lack of the K103N
mutation seems to allow rescue with efavirenz after
failing on nevirapine in a significant proportion of
patients®7, Finally, subjects failing on nelfinavir-con-
taining regimens might select initially for one of two
different mutations at the protease gene. The D30N
mutation reduces the viral fitness and does not affect
the susceptibility to other Pls, which therefore can be
used as part of the regimens in rescue therapies™. In
contrast, the L90OM mutation, which appears less fre-
quently, produces a high level of cross-resistance to

other Pls, which precludes their use as single Pls'in
salvage interventions™.
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Figure 1. Rescue interventions as a function of genotyping at the time of virological failure.

results obtained in these circumstances, since the
reproducibility of PCR testing is greatly dependent on
the nucleic acid concentration’. Moreover, the clini-
cal relevance of resistant mutations in the short- or
mid-term in subjects showing undetectable plasma
viremia’ is currently unclear.

Before introducing salvage regimens in
multi-treated patients

The management of subjects with virological fail-
ure who have been exposed to all drugs available
and/or have developed toxicity related to their use,
presents limited therapeutic options. In this context,
the best care should be focused on the prevention of
opportunistic infections. The chances of reaching
undetectable viremia in persons with broad exposure
to all currently available antiretroviral compounds are
very limited378™, Multiple-resistance mutations then
exist®®", Even in those with low CD4 counts, as long
as they remain under therapy, virological failure is sel-
dom associated with the appearance of clinical
opportunistic events®2®. Therefore, antiretroviral ther-
apy often provides protection against AIDS, even
when no complete virus suppression is attainable®¢’,
Resistance testing in this population may, however,
have other benefits, for example, eliminating drugs
that are unlikely to be beneficial limits unnecessary
drug exposure, toxicity, and cost.

Inthis setting, resistance testing should be con-
sidered in a different context. In the past year, sev-
eral reports have documented that, in ;‘EE}[ ily pre-

No part o

treated patients, the number of resistance mutations
in the RT and/or protease genes have much more
importance on predicting the virological success of
potent rescue interventions®. The recognition that
classical AZT mutations can be selected and con-
tribute to causing resistance to d4T, abacavir and
dd|#e7e889%0 hag |ead to redefining these mutations
as NAMs (Nucleoside-Associated Mutations). They
include a set of 6 changes: 41L, 67N, 70R, 210W,
215Y/F and 219Q/E. Although NAMs arise using
almost all nucleoside analogues (except 3TC), the
rate at which they appear, and the loss of sensitivity
they produce, varies widely for each drug (Table 4)'.
For Pls, the total number of protease resistance muta-
tions, including primary and secondary or accessory
mutations, can predict the response to Pl regimens
that increase their levels with baby doses of ritonavir®
% A low replicative capacity of escape mutants carry-
ing multiple drug-resistant mutations could partially
contribute to explaining this observation®.

In this context, only drug-related toxicity issues
can justify the recommendation of drug holidays® .
However, recent reports have demonstrated that,
although primary mutations tend to disappear after
cessation of antiretroviral therapy, the persistence
of other drug mutations indicates that mutated
strains may still replicate efficiently®®'®. Alternative-
ly, the recycling and concurrent administration of
new drugs such as lopinavir/rit or tenofovirs9.101.102
or_the use of double/triple Pl combinations®
could be an option in those patients with multiple
drug-resistance genotypes.

IS publication may be
Table 4. Resistance to nucleosid ﬂ@&@él{%@@/\@r pl iOlOCOpyIng

+118 + 69 no

Genotype abacavir . ddl, d4aT
unthat tho nriarvrittan narmiccian
VVILITUUGL LTIT 'JIIUI VVITULCUTI PCIIIIIJJIUII
3 NAMs* no no no
+44 no no . yes
+44 +118 no f h Q| h yes
+44 + 118 +184 yes O t e pw lS er yes
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Table 5. Main pharmacokinetic parameters of protease inhibitors and non-nucleoside reverse transcriptase inhibitors.
Pl
DOSES Coin Protein Binding EC,, C,.i/ECqs
DRUG (mg/h) (mg/ml) (%)
RITONAVIR 600/12h 3.3 99 15 22
SAQUINAVIR HGC 600/8h 0.02 >08 0.3 0.06
RTV 400/400/12h 0.5 1.6
SAQUINAVIR SGC 1200/8h 0.25 0.833
RTV 1000/100/24h 0.9 3
INDINAVIR 800/8h 0.15 60 0.05 3.1
RTV 800/100/12h 0.99 20.6
NELFINAVIR 1250/12h 2.2-0.7 >98 0.66 3.3-1.2
LOPINAVIR 400/100 12h 0.6-3.1 98 0.007 8-44
(ABT/RTV)
NNRTI
NEVIRAPINE 200/12h 3.7 60 0.066 56
EFAVIRENZ 600/24h 1.8 >99.5 0.136 13.3
Additional considerations for an 6. Hirsch M, Brun-Vezinet F, D’Aquila R, et al. Antiretroviral drug

H H . resistance testing in adult HIV-1 infection: recommendations of an
approPrlate use Of resistance teStmg International AIDS Society-USA Panel. JAMA 2000;283:2417-26.
The technology available for measuring drug 7. Guidelines for the use of antiretroviral agents in HIV-infected
resistance is still complex, and reproducibility and adults and adolescents. DHHS 2001; www.hivatis.org
interpretation of results is far from consistent in dif- 8. Soriano V, Ledesma E, and The Spanish Drug Resistance Panel.
. . Second Spanish Consensus on the use of drug resistance testing in
ferent labs, as was shown in the ENVA studies™1%.

. clinical practice (Madrid, March 2000). AIDS Reviews 2000;2:111-8.
The performance of the current assays when testing 9. The Euroguidelines Group for HIV Resistance. Clinical and lab-

non-B subtypes should be explored in detail, since oratory guidelines for the use of HIV-1 drug resistance testing as
the proportion of new infections caused by these a part of treatment management. AIDS 2001;15:309-20.

viral variants is increasing in Europe%JOG—WOB and, to a 10. Kuritzkes D. Drug resistance testing: time to be used in clinical
lesser extent, in the USA™. Cost-effectiveness practice? AIDS Reviews 1999;1:45-50.

11. Rodriguez-Rosado R, Briones C, Soriano V. Introduction of HIV
drug resistance testing in clinical practice. AIDS 1999;13:1007-14.
. Quinn T, Wawer M, Sewankambo N, et al. Viral load and hetero-

analyses need to be performed in order to prove the
benefit of adding the resistance information to cur- 4,

rent parameters guiding antiretroviral treatment'®'". sexual transmission of HIV-1. Rakai project study group. N Engl
Drug levels and ICy, values must be integrated in J Med 2000;342:921-9.

new algorithms designed to yield a more reliable 13. Connor E, Sperling R, Gelber R, et al. Reduction of maternal-
interpretation of genotypes and phenotypes”z. For infant transmission of HIV-1 with zidovudine treatment. N Engl J

Med 1994;331:1173-80.
14. Guay L. Musoke P, Fleming T, et al. Intrapartum and neonatal
single-dose nevirapine compared with zidovudine for prevention

example, Table 5 records the main pharmacokinetic
parameters and their relation to virus sensitivity for

currently available drugs. Of note, trough plasma of mother-to-child transmission of HIV-1 in Kampala, Uganda:
levels and 95% inhibitory concentrations corrected HIVNET 012 randomized trial. Lancet 1999;354:795-802.

by protein binding (efficient concentrations) need to  15. Little S. Transmission and prevalence of HIV resistance among
be assessed for each drug‘ The appropriate use of treatment-naive subjects. Antiviral Ther 2000;5:33-40.

this information will help to design more acourately 16. Freukel L, Wagner L, Demeter L,etal Effeets of2|dovud|rre use
during pregnancy on resistance and vertical transmission of

the therapeutic regimen for each patient. Lastly, the HIV-1. Clin Infect Dis 1995:20:1321-6
search for new genotypes accounting for resistant 17. Colgrove R, Pitt J, Chung P, Welles S, Japour A. Selective verti-

phenotypes must-be-pursued, and large databases cal transmission of HIV-1-antiretroviral resistance mutations.
pairing geno-phenos must be built and offered to all AIDS 1998;12:2281-8.
clinicians in a wide fasrmnmm ‘t f th bT WeIIe%S Pitt J, Colgrove R, et al. HIV-1 genotypic zidovudine
r | | i F@aﬁre mt kb ternal-infant transmission in the
O pa O S p U G:o%]en and infants tran: |SS|orrestudy AIDS 2000;14:263-71.
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