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We assessed the performance of HIV-1 genotyping testsin rescue ther apy. Patientswere divided into
two groups: group 1 (genotyped), included those switching to new antiretroviral drugsbased on HIV-1
genotyping data, and group 2 (standard of care-SOC), comprised those in rescue therapy who had not
used this test. This was an open and non-randomized study, with 74 patients, followed up for a mean
period of 12months, from February 2002toMay 2003. Thegroupsdiffered intheduration of antiretroviral
use, experience with diver se drug classes (non-nucleoside rever se transcriptase inhibitors and protease
inhibitors) and viral load <2.6log,, copiesmL at any timeduring treatment. In 23 patients(group 1), the
switch in antiretroviral (ARV) regimen was based on genotyping data; this test was not used for 51
patients(group 2). Two CD," lymphocyte countsand viral load countsweremadefor each patient during
the study. Data from the pharmacy where patients received antiretroviral agents, medical charts, and
direct interviews with patients to assess compliance to treatment, were analyzed. In the genotyped
group, the averagedrop in viral load was 2.8 log,,, compared with a 1.5 log,, difference in group 2; the
difference was significant in the first assessment performed six months after switching (p=0.001).
Considering the patientswith viral load < 2.6 log,, (400 copies/mL ) after switching, the patientsin group
1 had abetter performancein thefirst assessment (73.9% versus31.1% in groups 1 and 2, respectively);
this difference was significant (p=0.001). In multivariate analysis, the variables associated with a
greater drop in viral load in the first assessment were the patients whose switching was based on
genotyping (group 1), those with a past history of viral load < 2.6 log,,and correct use of antiretroviral
agents. In conclusion, the genotyping test and adherence were found to be independent factors for
success in the management of patients who failed treatment.
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Asof mid-1991, the National STD/AIDS Program of the
Ministry of Hedlth- Brazil (PNDST/AIDS-MS) adopted apolicy
to ensure free access to antiretroviral therapy (ARV) for
patientswith AIDS. In 2004, approximately 130,000 patients
received this treatment. This policy has caused considerable
impact on the HIV/AIDS epidemic, reducing morbidity and
mortality [1]; however, roughly 50% of patientswho initiate
ARV have some type of therapeutic failure six months later
[2]. This percentage is even higher in treatment-experienced
patients who have changed therapy at least once [3].
Consequently, the effectiveness of this program isthreatened
by the emergence of resistant vira strains selected during
treatment, which may be transmitted to other individuals. In
1993, Erice et al. reported zidovudine-resistant viral strain
(T215Y) transmission, in which the patient presented a
prolonged acute retroviral syndrome with a high viral load
(VL[4

Genotyping tests were developed to help attenuate the
impact of viral resistance. Thistest isableto detect mutations
associ ated with phenotypic resistance of HIV to antiretrovirals.
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Thetestisperformed onvirions, whose RNA isamplified by
polymerase chain reaction (PCR) and sequenced in automated
equipment. Thevira amino acid sequenceis compared with the
standard wild virus sequence to identify mutations.

Several clinical and molecular studieswere developed in
Europe and in the United States to validate the useful ness of
HIV -1 genotyping. The main objective of these studieswasto
assesstheimpact of this new methodol ogy on salvage therapy
based on the mutations that were identified.

TheVIRADAPT study wascarried out in Europe[5], based
on a randomized longitudinal cohort (during the first six
months); later, it became an open study. After a six-month
follow-up, the group of patients submitted to genotyping
presented a higher reduction in viral load than that of the
group who had no such test results. The percentage of
individuals with viral loads below the detection limit (< 200
copies/mL) was also higher than in the group that was not
genotyped (32% ver sus 14%, respectively).

Other genotyping studies were conducted with the same
purpose. Among others, the GART [6] and the NARVAL [7]
studies demonstrated the usefulness of HIV genotyping,
compared to phenotyping. The Argenta [8] and Havana [9]
studies evaluated the effects of compliance and expert advice
on HIV-1 genotyping.

Chaix et a. [10] demonstrated that the group of patients
submitted to genotyping had costs similar to those of the
group with no access to this test. The costs of performing
genotyping were compensated by reduced expenses with
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antiretrovirals, mainly protease inhibitors (PI). The authors
highlighted the advantage of rational use of this drug class,
thereby decreasing its side effects.

However, theuseof viral resistancetestsin clinical practice
is still controversial. The decision to introduce a new
methodology in routine medical care should be based on
strong evidence. Though the conclusionsof al clinical studies
were based on laboratory-related events, trandating these
results into significant clinical gains is a great challenge.
Furthermore, the viral resistance assay isarelatively complex
laboratory test, and its inclusion in Public Health Services
needs better evaluation.

Consequently, based on an operational study, the PNSTD/
AIDS-MS decided to implement a national network of
laboratoriesthat are ableto perform genotyping tests (National
Genotyping Network —RENAGENO). Thisnetwork hasbeen
operative since February 2002. In this context, the Gerais
Project (Group of Studies on Antiretroviral Resistance) was
established, and itsmain objective wasto acquireinformation
necessary to assess the efficacy and feasibility of
implementing this new technology in the Public Health System
(SUS). ThisProject wasimplemented in the Reference Center
on Infectiousand Parasitic Diseases, in an agreement between
the Federal University of Minas Gerais and the City
Administration of Belo Horizonte (CTR/DIP). These services
provide CD," T-lymphocyte counts, HIV viral load and HIV-1
genotyping.

Thisresearch project and the Informed Consent form were
approved by the Research Ethics Committee of the Federal
University of Minas Gerais.

Material and M ethods

This main objective of this study was to assess if the
decision to change a regimen based on genotyping test had a
positive effect on response, proven by reductions in vira
load and improvement in CD," T-lymphocyte counts. The
inclusion criteriawere:

1- individuals older than 18 years;

2- HIV-1 positiveand under regular antiretroviral treatment;
3- registeredinthe CTR/DIP pharmacy;

4- viral load = 5,000 copies/mL, collected up to three months
before genotyping, or before the ARV regimen switch in the
group of patients who had not been submitted to the test;
6- Virological failure characterized according to the criteriaset
by the PNSTD/AIDS Consensus Group on Antiretroviral.

Treatment. Reduction of <1log,, (or upto10-foldtheinitial
value) after six months of treatment with a potent ARV
regimen; increasein VL >0.51og,  (or by three-fold the absolute
value) based on nadir (lower VL presented by the patient); >
0.5 log,, variations between the two VL results (or by three-
fold thepreviousvalue). Thiswasan open and non-randomized
study, conducted from February 2002 to July 2003.

Patients. All patientswererecruited fromthe CTR/DIP. Group
1 (genotyped group) consisted of patients for whom HIV-1
genotyping was used as a basis to switch the ARV regimen.
Since the genotyping test was available from February 2002,
most patients of this group were recruited from then on and
followed up for aminimum period of seven months. Two CD,*
T-lymphocyte counts and viral loads were obtained. Group 2
(SOC) consisted of patients who did not use the genotype
test as orientation to switch ARV. In this group, the patients
were recruited prospectively (from February 2002) and
retrospectively, asof 2000, through datacollectionin medical
records. When data were retrospectively collected, the
patients had to have been followed up for aminimum period
of 12 months after switching. Ingroup 2, at leasttwo CD " T-
lymphocyte counts and viral loads were assessed during the
period. HIV-1 genotyping was done for 16 patients of this
group. The CTR/DIP service hasaserum library, where plasma
from patients from which viral load and CD," T-lymphocyte
count data had been collected is stored at -70°C. The plasma
analyzed was that submitted to viral load analysis near the
time of switching (up to three months before the switch).

HIV-1 genotyping. Sequencing was performed using a
previously-described method [11]. Briefly, RNA was

extracted from 0.2 mL of plasma using the guanidine-
thiocyanate lysisreagent contained in the AMPLICOR HIV
Monitor® Test Kit (Roche Diagnostic Systems, Branchburg
New Jersey, USA). Reverse strand cDNA was generated
fromviral RNA, and afirst round polymerase chain reaction
(PCR) was performed using Superscript One-Step RT-PCR
(Life Technologies, Rockville, Maryland, USA). A 1.3-kb
product encompassing a protease gene and the first 300
residues of aRT gene was then amplified with nested PCR
primers. Direct PCR (population-based) cycle sequencing
was performed using AmpliTag DNA FS polymerase and
dRhodamineterminators (Applied Biosystems, Foster City,
California, USA). Electropherograms were created and the
sequences were assembled using the manufacturer’s
sequence analysis software.

Mutations. Mutations were defined as amino acid changes
from the B-consensus. In agreement with the International
AIDS Society-USA drug-resistance testing guidelines [12],
primary protease inhibitor (Pl) resistance mutations were
defined as mutations at protease positions 30, 46, 48, 50, 82
(but not V82I), 84 and 90; secondary Pl resistance mutations
weredefined as mutations at protease positions 10, 20, 24, 32,
33,36,47,53,71, 73, 77 and 88. Nucleos dereversetranscriptase
inhibitor (NRTI) resistance mutations were defined as
mutations at reverse transcriptase (RT) positions 41, 44, 62,
65,67,69, 7074, 75,77,115,116,118, 151, 184, 210, 215and 219.
Non-nucleoside reverse transcriptase inhibitor (NNRTI)
resistance mutations were defined as mutations at RT
positions 100, 103, 106, 108, 181, 188, 190, 225, 230 and 236.
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Compliance assessment. Two non-excluding methods were
used to assess compliance to treatment: 1) direct interview
with patientsor by examining the medical charts; 2) checking
dispensing formsinthe hospital pharmacy during the previous
three months to assess the regularity of pharmacy visits to
obtain antiretroviral agents. In the direct interviews, patients
were classified as having good compliance to treatment if
they had taken all doses in the past three days; otherwise
they were classified as non-compliant (incorrect use). When
there was no report of compliancein the medical records, or
when it was not possible to carry out the interview, the only
criterion applied was assessment of dispensing formsin the

pharmacy.

Statistical analysis. The chi-square test (x2) was used to
compare the two groups regarding the following variables:
sex, history of undetectableviral load (<2.610g, ), experience
with NNRTI, regular use of ARV in the first and second
assessments, viral load < 2.6 log, in both assessments. This
test isused to compareindependent groupsfor the percentage
of occurrence of a certain event. In cases for which the
expected valueswerelessthan 5, we used Fisher’s exact test.
The Student’s t test was used for independent samples to
compare the groups regarding the following variables: age,
number of medication switches due to therapeutic failure,
period of ARV use, period of PI use, nadir CD," T-lymphocyte
count, baselineviral load (before switching), date of CD,* T-
lymphocyte count, date of viral load in the first and second
assessments, and the difference between the vira load and
CD,* T-lymphocyte counts observed in the first and second
assessments in comparison to baseline.

The Student’st test was al so used to assess the influence of
severd variables(group, sex, history of VL <2.6log, , experience
with NNRTI and correct use of ARV) on CD," T-lymphocyte
counts and the first and second assessments of VL.

The evaluation of CD," T-lymphocyte counts and viral
load progression during the follow-up period was performed
by the Friedman test.

A multiplelinear regression analysiswas performed (more
than one explanatory/regression variable), to determine the
variables that affected CD,* T-lymphocyte counts and viral
load. Thesignificancelevel for all resultswas < 5% (p< 0.05).

Results

Seventy-four patientswereincluded in the study. In group
1 (genotyping), 50 patientswere analyzed with the genotyping
test, 23 of which met theinclusion criteria. In group 2 (SOC),
51 patients were selected. In this group, genotyping tests
were made on 16 serum aliquots stored in the laboratory of
theserviceat -70°C.

Most patientswere mal e (87%), and significant differences
were observed in the two groups. The mean age in group 1
(genotyped) was significantly greater. Significantly more

patients (64%) in the genotyped group attained aviral load <
2.6 log,, (<400 copies/mL ), at some time during treatment,
than in the not-genotyped group (37%). The not-genotyped
group also had a significantly higher percentage of patients
with no previousexperiencewith NNRTI (nevirapine, efavirenz
or delavirdine).

Ingroup 1 (genotyped), longer exposuretimeto ARV and
protease inhibitors (Pl) was identified. The two groups had
similar numbersof switchesdueto drug failure, nadir CD," T-
lymphocytes, baseline CD," T-lymphocytes and VLs (Table
1.

The two groups had similar rates of correct use of ARV
(based on the medical records or patient interviews) in the
first and second assessments. Significant differences were
found between the two groups for the following variables:
mean duration of treatment up tothe CD," T-lymphocyte count
in thefirst assessment, VL value and its variation in the first
assessment, and the differences in the CD," T-lymphocyte
countsin the second assessment when compared to baseline.
In the first assessment after switching (six months), the
proportion of patients achieving a VL < 2.6 log,,was
significantly greater in group 1 (genotyped). In the second
assessment (12 months), the difference between the two
groups was not significant (Table 2).

Themultivariate analysisincluded the variablesthat were
significant in the univariate model. The variable compliance
was used in the first assessment (six months) in two models.
In the first, the criterion to assess compliance was based on
information from dispensing forms in the pharmacy (a less
strict criterion to assess compliance, n=74); in the second
model, only patient interviews or medical records were
considered (amorestrict criterion to assess compliance, n=46).
Inthefirst model, thefollowing variables had someinfluence
on VL inthefirst assessment (six months): patient group, past
history of VL <2.6log,,, and compliance. A higher vira load
was positively associated with group 2 (no genotyping), with
incorrect use of ARV and with patientswith no past history of
VL < 2.6log,,(Table 3). In the second model, the significant
variables associated with higher VL were not genotyped and
non-compliance with treatment (Table 4).

An expected drop in VL occurred only in patients
compliant with ARV; among these patients, it was greater in
the genotyped group (Figure 1).

Intheunivariate analysis, only the variable correct use of
ARV was directly related to increased CD,* T-lymphocyte
counts. In the multivariate analysis, none of the variables
weresignificantly related to higher CD,* T-lymphocyte counts.

Resistance profile analysis. In the phylogenetic analysis of
the pol gene (reverse transcriptase or protease), most vira

strainswere of the B subtype. The mutations K65R and INS69
were not observed, and only one sample had the mutation
Q151M. Group 2 patients (SOC) morefrequently had wild virus
(Table5).
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Table 1. Baseline characteristics of group 1 (genotyped) and group 2 (SOC) patients

. Groupln=23 Grupo2n=51
Characteristic (genotyped) (SOC) Pvalue
Mean age (years) 472 418 =003
Male (%) 87 804 =074
Yearsof ARV exposure (median) 45 28 <0.001
NNRTI naive (%) 304 686 =0.002
Months of Pl exposure (median) A8 211 001
Number of switches dueto drug failure (median) 17 14 008
History of HIV-RNA<400 copies/mL (%) 636 373 =004
Nadir deCD,* (median) /mm? 129 136 082
Median CD,* cell counts baseline (/mm?) 2% 63 043
Median HIV-RNA at basline (log, ) 45 45 069

NNRTI = non-nucleoside reverse transcriptase inhibitor. Pl = protease inhibitors.

Table 2. Variationin virusload (VL) value, CD," T-lymphocyte counts and adherence to antiretroviral therapy (ARVT) inthe
second assessment in relation to baseline in group 1 (genotyped) and group 2 (SOC)

Group 1,n=23 Group 2,n=51

Characteristic (genotyped) (SOC) Pvalue
Correct useof ARV Patient adherence (%)
1¢  assessment 95.7 87 =061
Patient adherence (%)
2 assessment 826 87 10
Mean duration of treatment 1% assessment 212 157 0.005
upto CD,* T-lymphocytecount 2™ assessment 36 336 035
in the first assessment after
switching (day)
Mean duration of treatment 1% assessment 200 171 006
up to viral load count after 2 assessment 330 340 071
switching (day)
Median CD,* cell counts(/mm?) 1% assessment 34 32 097
2 assessment 349 34 061
Vird load (log, ) median 1¢  assessment 17 30 0.005
2 assessment 22 27 0.29
Medianincreasein CD,* 1¢  assessment @ Vi) 0.36
T-lymphocyte count (/mmq) 2 assessment 108 6l 004
Median decreasein viral 1¢  assessment -2.8 -15 004
load count (log, ) 2 assessment 24 -18 0.24

Table 3. Results of multiple linear regression analysis at the
first assessment, in patientswith alessstrict criterion to assess
compliance (n=74)

Variable Coefficient Pvalue
Patient group 2 (SOC) 135 0.001
Non-adherence 243 0.005
History of viral load<2.6log,, 0.72 005
Constant -26

R?=0.326.

Table 4. Results of multiple linear regression analysis at the
first assessment, in patients with a more strict criterion to

assess compliance (n=46)

Variable Cosfficient Pvalue
Non-adherence 0.002
Patient group 2 (SOC) 0031
Constant

R?=0.307
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Tableb. Resistanceprofileanalysis

Variables

Group 1(n=23)

Group 2(SOC) n=16

HIV-1 subtype (%)

Wildvirus (according to NRTI) (%)
Wildvirus (according to NNRTI)_(%)

Wild virus (according to PI) (%)

Presence of primary PI resistance mutations
Presence of INS69 or K65R or Q151M

B (72.7%) B (75%)
F(18.2%) F(6.3%)
Recombinant (9.1%) Recombinant (18.7%)

9.1% 3L.3%

31.8% 62.5%

9.1% 25%

86.4% 5%

0 6.25% (1 casewith Q151M)

NRTI = nucleoside reverse transcriptase inhibitor. NNRTI = non-nucleoside reverse transcriptase inhibitor. Pl = protease

inhibitor.

Figure 1. Mean reduction in VL comparing compliant and
non-compliant patients (n=46).
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When comparing the genotyping results for 16 plasma
samples from group 2 patients, there were fewer mutations
related to ARV when the drug regimen was switched. Even so,
this group received less active drugs than the group
undergoing treatment directed by genotyping (Figure 2).

Discussion

Thisisthefirst study conducted in Brazil assessing HIV-
1 genotyping in salvage therapy, and it may be a starting
point for others. We used a convenient sample, with no
randomization. All patientsenrolled wereregisteredinthe CTR/
DIPand regularly followed-up. Thistype of sampling hasthe
limitation of not necessarily being representative, sinceit is
impossible to assure that the patients enrolled in the study
aresimilar to therest of the general population.

There have been several reports of the benefitsof HIV-1
genotyping in salvage therapy of patients who have had
drug failure. Considering that the test was already available

Figure 2. Number of active drugsin with group.
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in public services, randomizing patients into two groups
(group 1 - genotyping, group 2 - SOC) would not have been
ethical. In order to avoid this problem, group 2 patientswere
selected in ahistorical cohort from 2000, by means of active
data collection in medical records and ARV request forms
received by the service pharmacy. Switching due to
virological failurefrom thisdateand being regularly followed-
up were basic conditions to be enrolled in the study, and
only patients seen by physicians who ordered genotyping
tests were included. Consequently, it was assured that the
patients of these groups were seen by the same team of
physicians, avoiding follow-up by professionalswith diverse
experiences, removing confounding variables. This medical
team was comprised of qualified and skilled professionals
who comply with the standards on the use of antiretrovirals
set by the Brazilian Ministry of Health. Moreover, the CTR/
DIP has a committee that only releases medication if the
regimen complies with the standards of the National STD/
AIDSProgram.
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Although the criteria for therapeutic failure established
by the Ministry of Health (2003) were not modified during the
study, some medications were not available at the beginning
of 2000 (for instance, lopinavir/r), which could be another
limitation contributing to the different results in the groups.
In addition, new concepts on salvage therapy, and ARV cross-
resistance against various drugs, may have influenced the
diverse therapeutic options during this period.

Genotypic-resistance testing was beneficial for making
decisions about changes in treatment. We found a
significantly better virological outcome (percentage of patients
with plasmaviral load (pVL) <400 copies/mL and adecreasein
pVL from baseline) at the six-month follow-up in patientsin
the genotyped group, compared with those who were not
genotyped (SOC). Multivariate analysis confirmed genotype
information asan independent predictor of virological success.
Nevertheless, the advantage of genotyping information was
lost after 12 months. These findings were similar to results
from previous randomized studies [5-9], indicating that
resistance testing hel psto choose more effective regimensin
patients failing previous antiretroviral regimens. Although
group 2 patients had fewer mutations and viral sampleswith
no mutations (wild type virus, Table 5), this group received
lessactivedrugs (Figure 2), thus emphasi zing the importance
of genotyping in salvage therapy. These data are similar to
those published by Baxter et al. [6]. In order to assess the
impact of the correct useof ARV and dropinvira load, some
studies have used protease inhibitor serum levels [15],
whereas we examined patient and/or assistant physician
compliance (more strict compliance assessment). The
reduction in VL was greater in the group that reported good
compliance, regardless of whether the patients had HIV-1
genotyping done (Figure 1).

Asinother studies[5,6], theincreased CD,* T-lymphocyte
counts did not differ between the groups. This may be
explained by the fact that CD," counts increase slower than
thereductioninviral load, thus requiring moretimeto appear.
The increased CD,* count was related to compliance,
regardless of the group (genotyped or not), as also found by
Cingolani etal.[8].

Although we did not aim to assess compliance to ARV,
three mechani smswere used to that allow such an eval uation:
regularity of pharmacy utilization to obtain ARV agentsduring
the previousthree months, information in the medical records
about compliance, and patient interviews. In arecent study
carried out by our team concerning complianceto ARV [15],
there were no significant differences between these criteria:
assessing dispensing formsin the pharmacy, interviews with
patientsor filling out aquestionnaireonthe use of ARV, making
al of themvalid.

Theaccuracy of these methodsto measure different levels
of compliance is unknown. In many studies, levels of
compliancearedivided asfollows: <80%, 80% to 90%, 95%to
99% and 100% use of prescribed doses. Use of above 80% of

prescribed doses has been associated with better results, both
regarding VL and CD," T-lymphocyte counts. When
compliance increased, the test results were better [16,17],
though this type of evaluation was not made in our study. In
our investigation, good compliance was considered as having
taken all dosesin the previousthree days (100% compliance).
Asmentioned above, patients benefit from compliance above
80%. Thisapproach issimilar to that adopted by Cingolani et
al. in the Argenta study [8]. However, there was a trend
towards <100% compliance and virological failurein both
group 1 (genotyped) and group 2 (SOC) patients (Figure
1).

Based on the pharmacy records, 100% of the patients
had regular ARV dispensing during the study period. This
demands a careful assessment, and another regression
model was used to analyze this variable as a function of
viral load.

The therapeutic response assessed by VL variation
stood out in this study. The patients had been using ARV
for along period, on average, 4.5 and 2.8 yearsfor groups
1and 2, respectively. Many patients had been on ARV from
the time of sequential therapy with two drugsto the highly
potent antiretroviral therapy era(HAART —Highly Active
Antiretroviral Therapy). There was a significant reduction
in viral load: -2.8 log,, and -1.5 in groups 1 and 2,
respectively. These results are better than those of other
clinical trials concerning HIV-1 genotyping [18]. The
salvage therapy performance in this population could be
explained by therate of correct ARV use, observedin over
80% of patientsin both groups. In the Cingolani study [8],
thisrate was only 57%.

Conclusions

HIV-1 genotyping has been demonstrated to be feasible
inpublic healthcare services, and itsefficacy in salvagetherapy
of patients was confirmed in our study, at least in the first
assessment year. RENAGENO should take advantage of its
infrastructure and suggest a multicenter study throughout
Brexil.

Thecriteriafor drug failure and the best moment to switch
ARV should berethought. If themain objectiveisvirological
control, with ARV switching based on thisparameter, withina
short period the therapeutic armamentarium available will
become depleted. On the other hand, if increased CD," T-
lymphocyte counts arethe objective, regardliess of virological
failure, therewill bearisk of facilitating the emergenceof viral
strains resistant to al drugs currently available. In order to
clarify theseissues, it will be necessary to follow patientsfor
longer periods and to analyze the events of interest, that is,
laboratory data, clinical picture and the quality of life of
patients. Such follow-up may be established by RENAGENO.
It was demonstrated that the correct use of ARV isanimportant
factor, both for virological response and for immunological
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recovery, thus stressing the need for better compliance to
prescriptions. Thefollowing healthcare actions could enhance
compliance: establishing groups of patients to discuss and
provideinformation, reducing waiting timefor visits, regular
follow-up visits and active search for patients who do not
come to visits, home care or home visits, and paying for
transportation expenses. In addition, there should be asearch
for simpler therapeutic regimens, such ascombining drugsin
one tablet that could be given less frequently.
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