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Abstract

The approval of maraviroc (Selzentri®), the first CCR5 antagonist, with specific antiviral activity against
CCRS5 (R5)-tropic HIV variants, has promoted the determination of HIV coreceptor usage in the clinical
setting. The phenotypic assay Trofile™, which is based on recombinant virus technology, has been the
most widely used diagnostic test, given that it was the only assay which provided tropism information
in the pivotal maraviroc clinical trials. However, this method displays logistical and technical limitations
that make it far from convenient as a diagnostic test in clinical practice. Genotypic methods based on
V3 genotyping represent a more feasible alternative and progressively are replacing phenotypic assays.
Even though their sensitivity to detect X4-tropic variants is lower compared to Trofile™, recent studies
have demonstrated that specific genotypic tools (geno2pheno and PSSM) are comparable to Trofile™
and ES-Trofile™ in predicting virologic response to maraviroc. This review summarizes clinical and
methodological recommendations for the genotypic determination of HIV tropism to guide therapeutic
decisions with CCR5 antagonists in HIV therapeutics. (AIDS Rev. 2010;12:135-48)
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shipped to the unique reference laboratory in the USA.
Genotypic methods, based on the analysis of the third
variable region (V3) of the HIV envelope, represent a
cheaper and more rapid alternative, widely available
among laboratories specializing in HIV diagnosis®. The
reliability of genotypic tools in determining HIV tropism
in clinical samples compared with phenotypic assays
has been examined in multiple studies®. Overall, these
studies highlighted the low sensitivity of the genotypic
assays to detect X4 variants in comparison with phe-
notypic methods’™®. Subsequently, different strategies
were designed to improve the sensitivity of genotypic
assays to detect X4 variants. These approaches included
simple modifications in the interpretation algorithms, or
the combination of the results given by different geno-
typic algorithms. However, validation of genotypic trop-
ism prediction methods ultimately requires not just
evidence of perfect concordance with the Trofile™ as-
say (or ESTA), but rather evidence of a similar ability
to correctly identify patients who will benefit from the
use of CCR5 antagonists and experience a good viro-
logic response. In this context, recent results from ret-
rospective analyses from the maraviroc clinical trials
(MOTIVATE and MERIT) have shown that the use of
specific genotypic tools has a similar ability to that
Trofile™ and ES-Trofile™ to predict virologic response
to maraviroc'®'". These data support the reliability of
genotypic tools for determination of HIV tropism in
clinical practice.

In March 2010, the Spanish Group for the Genotypic
Determination of HIV Tropism was constituted, composed
of clinicians and virologists with recognized experience
in the field of HIV infection, to reach a consensus for
the genotypic determination of HIV coreceptor usage
in the clinical setting. This review summarizes clinical
and methodological recommendations proposed by
this panel for the genotypic determination of HIV
tropism to guide therapeutic decisions with CCR5
antagonists.
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During the HIV entry process, Pe interaction be-

gp120, although other HIV gp120 regions such as
V1/V2, and C4 are also involved'. The V3 region of
gp120 is considered the major determinant in the
choice of CCR5 or CXCR4 coreceptors. According to
coreceptor use, HIV isolates are classified as CCRb-
tropic (R5), CXCR4-tropic (X4), or dual/mixed-tropic.
The term dual/mixed-tropic is used to refer to isolates
that may contain true dual-tropic viruses (those that
can use both chemokine coreceptors) or mixtures of
viruses that exclusively use CCR5 and others that use
CXCR4'3,

Maraviroc is the first CCR5 antagonist and the only
oral HIV entry inhibitor approved by the US Food and
Drug Administration (FDA) in June 2007 for the treat-
ment of HIV infection®. It is an allosteric inhibitor of the
CCR5 chemokine coreceptor, orally bioavailable. Mara-
viroc binds to the transmembrane coreceptor cavity,
within the 2, 3, 6, and 7 helix. Following binding, CCR5
coreceptor conformational changes occur, especially
in the ECL2 region, which ultimately inhibits the interac-
tion of the ECL2 with the V3 region of gp120, and
consequently the HIV entry process.

The MOTIVATE 1 and 2 (Maraviroc plus Optimized
Therapy in Viremic Antiretroviral Treatment Experi-
enced Patients) trials demonstrated the safety and ef-
ficacy of maraviroc at doses of 150 or 300 mg once-
daily (QD) or twice-daily (BID) versus placebo
combined with an optimized background regimen in
triple-class-resistant patients exclusively harboring R5-
tropic viruses'®. The MERIT trial evaluated the safety
and efficacy of maraviroc versus efavirenz, each in
combination with co-formulated zidovudine and lami-
vudine, in drug-naive HIV-1 patients. The trial initially
failed to demonstrate non-inferiority of either QD or BID
maraviroc arms compared to efavirenz using the attain-
ment of plasma HIV RNA < 50 copies/ml at week 48
as the primary endpoint'®. A re-analysis of the MERIT
trial using ES-Trofile™, more sensitive for the detection
of X4 variants, reclassified as dual/mixed-tropic nearly
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proporhon of anents achieving < 50 HIV RNA copies/
emtga same (68%) in patients treated
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Table 1. Main technical characteristics of recombinant tropism assays
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VIRalliance Xtrack®/PhenX-R Virco NH2-V4 Monogram Univ. Toulouse  ISCIII-FISPE
Phenoscript?® In Pheno AG®  gp120% Biosciences Toulouse Tropitest?®
ESTATrofile™¢  Tropism Test
(TTT)®
Amplicon/ V1-V3 gp120/ VI-V3/pNL4- NH2-V4/ gp160/ gp160/ gp160/
vector pNL4-3 3AV1-V3 pHXB2D-ANH2-  pCXA-envelope  pNL43Aenv-Luc2 pNL4-3Aenv-
backbone V4-eGFP expression gene  vector lacZ
plus
RTV1.F-lucP.
CNDOAU3
Construction  Recombination Clonal technology Recombination ~ Clonal Recombination Clonal
of vector technology technology
Target cells  U373-CD4-CCR5 CXCR4 U87.CD4.CCR5  U87.CD4.CCR5  U87.CD4.CCR5  U87/Ghost/
U373-CD4-CXCR4 CCR5/CXCR4 U87.CD4.CXCR4 U87.CD4.CXCR4 U87.CD4.CXCR4  PBMc
CD4.CCR5
Report gene  B-galactosidase  B-galactosidase ~ GFP Luciferase Luciferase Luciferase
Virus stocks ~ Competent Defective Competent Defective Competent Competent
replication replication replication replication replication replication
Sensitivity 5-10% 1% 5-10% 0.3-1% 0.5% 1%

GPF: green fluorescent protein.

(30 mg once-daily) to placebo in combination with an
optimized background regimen in which at least two
fully active antiretroviral drugs were required. At week
48 of treatment, the proportions of patients with HIV
RNA < 50 copies/ml were similar for the vicriviroc and
placebo arms (64 vs. 62%, respectively). The results
obtained might be explained by the good background
combinations taken with vicriviroc in these trials, which
make it harder to sort out how much the CCR5 an-
tagonist contributes to the virologic response’.

Currently, there are other CCR5 antagonists under
clinical development, for most part orally bioavailable
such as INCB9471'® SHC 532706, and TBR-652%,
or through subcutaneous or endovenous injection as
PRO-140?".

Phenotypic assays

Phenotypic assays are mainly based on recombinant
viruses’ technology. Briefly, the HIV envelope gene is
amplified by polymerase chain reaction (PCR) from
plasma samples. Subsequently, recombinant virions
are generated by clonal or genetic recombination. The
recombinant virus particles are used to infect cell lines
expressing the CD4 receptor and either CCR5 or
CXCR4. Some key methodological characteristics of
several phenotypic recombinant method?2° develop-
ments in the last years to assess HIV tropism are sum-
marized in table 1.

The phenotypic assay Trofile™ has been extensively
used to provide tropism information in the maraviroc

ical trials, and accordingly it has been the most

. I
HIV tropism determinM[blﬂa rtt‘lé)éliﬂiUS pUE)iG&;aLE@ﬁb date.\Tre Erofile™ assay identifies X4

phenotypic and genotypic assays

The antiviral activity of CCR5 antagonists is limited

strains with a sensitivity of 10% when using clonal

rePrOduced or @N@@@.@Wrm@&osoiences has developed an
a

enhanced sensitivity tropism assay (ESTA), which is

to HIV R5-tropic Variams2\/Wfﬁ@ﬁfThféj F‘iﬁie Wprfﬁéppﬁgmt%Zﬁ@We for detecting X4 minor

dual/mixed-tropic or X4-tropic viruses has been associ-

ation , With a sensitivity to detect

popu

ated with therapeutic failure using CCRSf r&féo- dﬁr%s of around 0.3%, has been available since
nists!>22. Therefore, assessment of HIV—1O[ oii i:p J é rand has replaced the original Trofile™ as-

required before recommending treatment with CCR5

say used in the pivotal clinical trials?.

v T et S

137



138

AIDS Reviews. 2010;12

Table 2. Genotypic rules and algorithms for determining viral tropism

Methodology

Principle

Rules and algorithms
- 11/25 rule®®

- 11/24/25 rule®

- Net charge®

- Wetcat®”
(http://genomiac?2.ucsd.edu:8080/wetcat/v3.html)

- Geno2pheno® . ..,
(http://coreceptor.bioinf.mpi-inf.mpg.de/index.php)

- WebPSSM®
(http://indra.mullins.microbiol.washington.edu/webpssm)

- Fortinbras PSSM
(http://fortinbras.us/cgibin/fssm/fssm.pl)

Deep sequencing

R: arginine; K: lysine; D: aspartic acid; E: glutamic acid.

Cloning or recombination of PCR-amplified sequences
encompassing partial regions of the gp160 are pro-
posed by three different approaches. HIV-1 Pheno-
script Env™™ (VIRalliance, Paris, France)® amplifies
V1-V3 sequences by PCR. Subsequently, the ampli-
cons generated are cloned in the pNL4-3 backbone in
which the V1-V3 region has been deleted. PhenoX-R
(InPheno AG, Basel, Switzerland)?®, combines two
methodologies: probe hybridization (X-TrackC) for a
rapid discrimination between R5- and X4-variants and
a phenotypic assay (PhenX-R) for dual/mixed-tropic
variants. In the latter, V1-V3 regions are amplified and
cloned in NL4-3 vector for the generation of recombi-
nant viruses. Virco Iaboratories have developed a plat-
form (Virco® type HIV-1)?7 to assess HIV-1 tropism
combining genotypic and o@p@d’tﬁ@ ath-l

phenotypic approach is based on the generation of

chimeric viruses through in V/trqf@pfr@d@]@e@i tiie[ p}h

NH2-V4 amplicon with the vector pHXB2D-ANH2V4-

eGFP, Finally, two recentlwkgh %{Tgmﬁe@%@aﬁ V\W‘?ﬁ%ﬁa

direct cloning of the full len ctors

SHeU

R or K at position 11 and/or 25 is associated with an
X4-tropic phenotype.

R or K at positions 11, 24, or 25 is associated with an
X4-tropic phenotype.

K+R - (D+E) > 5 is associated with an X4-tropic phenotype.

HIV tropism predictions are inferred from genotypic/
phenotypic paired dataset employing statistical methods.
These algorithms for HIV tropism interpretation are freely
available on websites.

Detects minority HIV variants by sequencing hundreds of
thousands of clones within a single sample.
It is sophisticated, expensive, with limited availability.

generation of fully competent viruses carrying luciferase
reporter genes, an approach that increases sensitivity
in the detection of minority variants to 1%. Both tests
have been validated and compared with ES-Trofile™,
showing > 90% of concordant results.

Genotypic assays

Genotypic assays represent a more feasible alterna-
tive to phenotypic assays since they are more rapid,
cheaper, and broadly available among laboratories
specializing in HIV diagnosis. Since the early 1990s,
several rules and algorithms have been developed to
predict HIV coreceptor usage based on V3 sequences

le 2). Many of them are now freely available via
hiea ooyt

The “11/25 rule” was the earliest algorithm devel-
afonvira F)(Wﬂvgnterpretatlon and remained one
of the most popular unt|| recent times. It is based on
g basic amino acids such

as argmmeg or Iysme at positions 11 and/or 25

TTT (Toulouse Tropic Test, University of &ﬁméjg LEQr wﬁwéfomated with an X4-tropic phenotype. Con-
and TropiTest (Instituto de Salud Carlos |l rp absence of R or K in these positions is

FIPSE)?®, allowing the assessment of all potential re-

associated with R5-tropic viruses®. Although this rule
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comparison with phenotypic assays. Recently, a modi-
fication of the 11/25 rule has been proposed that im-
proves the predictive value for viral tropism3'. It is known
as the 11/24/25 rule and considers variants as X4-trop-
ic when positions 11, 24, or 25 harbor any basic amino
acid; otherwise the virus is classified as R5-tropic®?.

The “net charge rule” is a simple interpretation algo-
rithm that estimates the global net charge of the V3
region according to the following formula: (K+R) - (as-
partic acid [D] + glutamic acid [E]). If the result is > 5,
the virus is classified as X4-tropic; otherwise it is R5-
tropic. There is an alternative rule for calculating the net
charge that includes the basic amino acid histidine (H);
this is as follows: (K+R+H) — (D+E). However, this al-
ternative method is less accurate than the rule that does
not consider H (79 vs. 49%). Similar to the 11/25 rule,
the net charge rule shows high specificity, but suffers
from low sensitivity in identifying X4 variants3334,

Over the last decade, efforts have been made to
identify residues within the V3 domain that are involved
in determining viral tropism. The natural variability of
the V3 region has been examined in multiple HIV iso-
lates phenotypically classified as R5- and X4-tropic.
Consequently, new residues and specific patterns of
amino acids have been recognized as influencing viral
tropism. No single change seems to be responsible for
the tropism; rather, several clusters of genotypes ap-
pear to largely determine viral tropism. Employing sta-
tistical methods (support vector machines [SVM] or
position-specific scoring matrices [PSSM]), these data
have been analyzed and used as a basis for the de-
velopment of more sophisticated algorithms that can
be used for viral tropism determination®%¢. Some of
these algorithms are freely available on websites such
as Wetcat, Geno2pheno, ..., Web PSSM, and Fort-
inbras PSSM. Their main characteristics are described
in more detail below.

Wetcat

the tool, as it is time-consuming and prone to errors.
The main benefit of Wetcat is that it allows batch pre-
dictions in a single run. It bases predictions on a set
of 292 V3 sequences (43% are non-B subtypes): 168
from R5-tropic, 103 from X4-tropic, and 21 from R5X4
dual/mixed-tropic viruses, all of which are recorded at
the Los Alamos HIV sequence database (Los Alamos
National Laboratory, USA).

Genozphenocoreceptor

This has been developed by researchers at the Uni-
versity of Cologne, Germany, and the Max-Planck In-
stitute (Munich, Germany)3. Its predictions are based
on the statistical method SVM. They can be performed
from FASTA-formatted nucleotide or amino acid se-
guences containing the V3 region. The V3 sequences
can be copied and pasted into a text field or uploaded
from a file. The server does not allow batch predictions
of V3 sequences; therefore, V3 sequences must be
introduced independently. The GenonhenoCoreceptor
database comprises a total of 1,100 V3 sequences
from 332 patients: 769 from R5-tropic, 210 from X4-
tropic, and 131 from R5X4-tropic viruses, mainly ob-
tained from the Los Alamos database. The majority of
V3 sequences included belong to HIV-1 clade B, but
there are some from non-B subtypes. The server allows
configuration to different user’s requirements by vary-
ing the settings for significance levels (i.e. to minimize
the false-positive rate as required). The latest version
of Geno2phenoCoreceptor has the option of including ad-
ditional clinical parameters, such as plasma HIV RNA
levels, CD4* cell counts, and the presence of the A32
deletion in the CCR5 gene; this may improve viral
tropism predictions. It is one of the most accepted and
used algorithms at this time for the genotypic determi-
nation of viral tropism.

WebPSSM

Wetcat is a web service Na%l@&f%r@fniihja&q@ubl/i/@a%@’n/vm@iyinb@ developed by the Univer-

by the University of California at San Diego, USA%. It

sity of Washington (Seattle, USA). It predicts corecep-

provides the possibility of using €&yéral @{s@@ls o l@h@ﬁg}{@@y\m guences given in amino acid

generate predictions: net charge, C4.5, C4.5 p8 and
p12, PART, and SVM. Vj ' imatiens Af
obtained using V3 amiwggmqwuiﬁﬁg Qﬁlgrﬁ
manually translated into a specific format Eﬁh is
described on the website. Information must 'fi

ticular format in order to perform the subsequent align-

parp)

FASTA format using PSSM as the statistical method®.
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correspond to the particular residue present in the
sequence at each V3 position. It is possible to select
different matrices to perform the predictions: the R5X4
matrix or SINSI (SI/NSI) matrix may be used for B sub-
types, whereas only the SINSI matrix can be used for
subtype C. The R5X4 matrix uses a set of 213 V3 se-
quences from HIV-1 clade B: 168 from R5-tropic, 17
from X4-tropic, and 28 from R5X4 dual/mixed-tropic
phenotypes. The SINSI matrix bases its predictions on
a set of 257 V3 sequences for subtype B: 70 from Sl
and 187 from NSI phenotypes. For subtype C viruses,
there is a SINSI matrix based on 279 V3 sequences:
228 identified as NSI and 51 as SI*C. The R5 threshold
values are —-6.96 for the R5X4 matrix and -5.4 for the
SINSI matrix. Thus, according to the matrix used to
perform the predictions, V3 sequences will be consid-
ered as being R5 when the score is less than the R5
threshold. Similar to Wetcat, WebPSSM allows the
analysis of multiple (up to 1,000) V3 sequences in the
same run.

Fortinbras PSSM

Fortinbras PSSM, written by the original WebPSSM
developer, is a recently available website for providing
HIV coreceptor genotyping based on PSSM (as de-
scribed above). It is intended to deliver the same pre-
dictions as for the original WebPSSM, but also to pro-
vide other matrices as desired by the user, and to
respond quickly to user questions and suggestions.
For example, Fortinbras PSSM allows predictions using
threshold values developed by Poveda, et al.8, with the
aim of increasing the sensitivity of detecting X4-tropic
variants. The R5 threshold values are -8 and -6.4 for
the R5X4 and SINSI matrices, respectively. Fortinbras
PSSM has several advantages over WebPSSM. For
example, nucleotide sequences may be uploaded
directly and sequences do not have to be trimmed to
the V3 loop beforehand. Moreover, V3 sequences with
nucleotide mixtures are allowed, and the user has the
capability of obtaining SC(NQ praaﬂlt ;QisiJB

ambiguous sequences or to record the simple average

[X

approaches allow improving the sensitivity to detect X4
variants around 80-90%"°. However, we consider their
performance too laborious to be introduced as first-line
tools for routine use.

New technologies:
massive pyrosequencing by 454

The use of deep-sequencing technology has allowed
investigation of whether improvements in prediction of
X4 variants can be achieved by searching a larger
number of genomes in comparison with the use of
conventional (“bulk”) sequencing. This technology may
provide a unique opportunity to enhance the sensitiv-
ity for identification of minority variants, including those
from X4-tropic viruses*3, Currently, 454 (454 Life Sci-
ences/Roche Diagnostics) is the best adapted platform
of massive sequencing for determining viral tropism.
This technology has recently demonstrated to be com-
parable to Trofile™ and ES-Trofile™ to predict viro-
logic response to maraviroc in naive and antiretroviral-
experienced patients*.

Deep sequencing, however, is a sophisticated and
very expensive method that is only available in a few
research facilities. Moreover, interpretation of the large
amount of sequencing data generated by each sample
remains challenging. These technical limitations might
be solved very soon with the coming generations of
this technology, such as 454 Junior (www.454.com),
and the development of new tools for viral tropism in-
terpretation as geno2pheno-454 (http://g2p-454.bioinf.
mpi-inf.mpg.de/index.php).

Limitations of phenotypic
and genotypic methods

Both approaches show technical and interpretation
challenges. Regarding phenotypic assays, there are
three steps that induce less efficiency and loss of sen-

itivity of .the system for the detection and generation
E}lrl&;ajﬁb@&t m@ys bﬁw HIV minority variants:

— The reverse transcription process has an efficiency
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Figure 1. Sensitivity of genotypic assays to detect X4 minority variants: bulk vs. deep sequencing. RT: retro transcriptase.

- The generation of recombinant viruses using a mul-
tiple cycle system increases the sensitivity to detect
minority variants compared to a single cycle system
since cycles of infection/reinfection allow the ampli-
fication of minority variants.

Regarding interpretation, the clinical threshold for
the detection of X4 variants by phenotypic assays,
which predicts virologic response to CCR5 antago-
nists, remains challenging. Data from the MOTIVATE
trials have shown that a sensitivity to detect X4 variants
of 10% using the original Trofile™ assay predicts viro-
logic response to maraviroc in antiretroviral-experi-
enced patients'. Subsequently, the re-analysis of the
MERIT trials using ES-Trofile™ with sensitivity to detect
X4-variants around 0.3% reclassified as dual/mixed-
tropic nearly 15% of viruses from samples originally
scored as having R5 by the Trofile™ assay. However,
approximately 43% of patjents reclassifie
mixed-tropic using ES- Trofr@@h@aE
viral load < 50 copies/ml'®. Therefore, a higher sensitiv-

.dual/
Eﬁ/lér\r[&u

According to the data reported to date, it can be
established that the clinical threshold for the detection
of X4 variants might range between 2-10%10.11.14.44-46
(Fig. 1).

In addition, the phenotypic assays such as Trofile™
are labor intensive, expensive, and require special
laboratory facilities and expertise. They are not widely
available, and in the case of Trofile™, specimens must be
shipped to the reference laboratory in the USA. More-
over, up to 15% of specimens are non-reportable, even
when testing samples with plasma HIV RNA > 1,000 cop-
ies/ml”8. Phenotypic assays must also face the chal-
lenge for determining HIV tropism in patients with HIV
RNA viral loads < 1,000 copies/ml or even < 50 copies/
ml, in which maraviroc may be considered as part of
simplification strategies to avoid drug toxicities*’.

Genotypic assays using bulk sequencing present the
B ow limitations:

Gaé: |(Q/raﬁrmra:y dbr@g the retro transcription pro-

cess diminished the probability to detect minority

ity to detect X4 viruses using ESET Fc)f{l@’d [q 0y ph@{@@@(pryrqq’qgrth phenotypic assays).

crease the power of the assay to discriminate between

- Sequencing technologies have limited sensitivity for

responders and nonrespwls[htémzﬁag@hp@@wertt@ﬁj@? g@wﬁ variants, typically in the

re-analysis of the MERIT trial usin gies

range is represents the main differ-

had demonstrated a similar ability of dee @f fhén bl Eterms of sensitivity compared to phenotypic
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Table 3. Concordance of the genotypic algorithms geno2pheno and PSSM with Trofile™ and ES-Trofile™ in predicting viro-

logic response to maraviroc

Genotypic algorithm

Genotype vs. Trofile™

Sensitivityt (%) Specificity (%) % of patients reaching < 50 copies/ml after
start a maraviroc-based therapy (%)

Genozphenosscoreceptor
FPR (false positive rate)

5% 63 91 42 vs. 42 (MOTIVATE)"®

5.75% 55 93 66 vs. 68 (MERIT)*

10% 65 71

20% 76 58
PSSM®

Matrix R5X4 59 89 41 vs. 42 (MOTIVATE)®

Matrix SINSI 61 87

Matrix R5X48 93 69

Matrix SINSI® 93 70

*Phenotypic results were assessed by ES-Trofile™.

fSensitivity/specificity rates could slightly range depending on the cohort of patients considered. This table shows the results obtained in the study designed by Poveda, et
al., except for the results obtained during the re-analysis of the MOTIVATE'® and MERIT!" trials.

Moreover, the algorithms for HIV tropism interpreta-
tion currently in use are based on paired genotypic/
phenotypic databases constituted by 100-1,100 V3 se-
quences with paired phenotypic data. This represents
a relatively low number of genotypic/phenotypic paired
results compared with current HIV drug resistance
databases (Standford, VIRCOtype, REGA, or ResRIS),
which are based on more than 50,000%4%. An increased
number of V3 sequences with paired phenotypic results
more likely improve the sensitivity and specificity to
detect X4 variants of these algorithms. Finally, geno-
typic interpretation of viral tropism is exclusively based
on the analysis of the V3 region, which is considered the
main determinant of HIV coreceptor usage. However,
other regions within gp120 (V1, V2, and C4) may have
an impact on viral tropism that may be underestimated
for the algorithms current in use'.

Clinical validation of phenotypic

reclassified as dual/mixed-tropic nearly 15% of viruses
from samples originally scored as having R5 at base-
line by the original Trofile™. However, as previously
explained, a detailed analysis of the results showed
that in spite of the higher sensitivity of the new version
to detect minority X4 variants, ES-Trofile™ seems not
improve the ability of the assay to discriminate between
responders and nonresponders to maraviroc, since
nearly 43% of patients reclassified as dual/mixed-trop-
ic had reached HIV RNA < 50 copies/mil at week 48,
even harboring detected X4 variants®,

The validation of genotypic prediction methods, do
not requiere perfect concordance with the Trofile™ (or
ESTA) assay, but rather evidence of a similar ability to
correctly identify patients who will benefit from the use
of maraviroc. In this context, recent studies have evalu-
ated the reliability of genotypic tropism prediction tools
to guide the therapeutic use of CCR5 antagonists*®®'.

The retrospective analyses of the MOTIVATE trials'®

and genotypic assay ve demonstrated that specific genotypic tools and
T\lo part of this pUE |@afﬁé®ﬁsm&}é bﬁparable in predicting viro-

The phenotypic assay Trofile™ is the only ollmcally

validated assay for viral tropism det ﬁ@l 'PIG@ ide ’[@C\@

the use of maraviroc. The MOTIVATE and MERIT trials

demonstrated the ability C\/\T/rqfﬁalﬂdfﬁé F’F@?‘

ers and nonresponders to a maraviroc- based erapy,

logic response to maraviroc, although the sensitivity to
the genotypic algorithms used,

genotheno se posmve rate 5%) and PSSM, was

\/\?ﬂm@ﬁﬁeﬁﬁ?ﬁye@ pcompared with Trofile™

ewise, the re-analysis of the MERIT trial

but also revealed its limitations for the dets@ iﬁéﬂ g aﬁégtrate the availability of geno2pheno (false-
nority X4-tropic variants associated with virotogic-fai r L‘B@ '[§ 5.75%) to distinguish between responders

to maraviroc'011.15.22 ES-Trofile™, the current version

and nonresponders to maraviroc similarly to ES Tro-
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Recent reports show results from prospective studies
performed in different European cohorts in which the
virologic response to maraviroc has been evaluated
based on a genotypic determination of viral tropism.
Overall, the results obtained have shown rates of viro-
logic response to maraviroc of up to 85% in those
patients in which HIV variants were classified geno-
typically as R5-tropic viruses*®5".

Moreover, the contribution of the drugs administered
together with maraviroc to achieve viral suppression
has been highlighted. Valdez, et al. showed that a
weighted optimized background treatment susceptibil-
ity score, rather than low-level X4 viruses at baseline,
was the strongest predictor of virologic response at 48
weeks in the MOTIVATE trials®. It is the activity of the
accompanying drugs that may enable maraviroc to
benefit patients with a low proportion of X4 variants. In
the contemporary therapeutic context, with new and
potent drugs available to administer together with
maraviroc, the presence of X4 variants most likely might
have a relative impact on the virologic response.

Considering the aforementioned, different guidelines
for HIV infection management, such as the Spanish
(http://www.gesida.seimc.org)®, British (http://www.
bhiva.org/Tropism.aspx)®*, and European (www.
europehivresistance.org)® guidelines, include within
their recommendations the use of genotypic methods
to guide the clinical use of CCR5 antagonists.

Clinical recommendations for V3
genotyping in the clinical setting

Drug-naive HIV-infected patients (Clll)

To date, there is no data to extend the recommenda-
tion for HIV tropism determination in patients who are
going to start antiretroviral therapy. However, although
maraviroc is not recommended as a first-line regi-
men%, there are special clinical situations in which
maraviroc could be considered as a good therapeutic
option in drug-naive patlenN be
resistance or toxicity to drugs fin
therapy, or tuberculosis) and therefore viral tropism, de-
termination must be considered. %{’@ thQué @
possibility to store (-80°C) patient’s plasma samples

before starting an antiretroviral Hﬁel%@&ﬁci @r%}d@k@lﬁ

determination could be required in the future®-%.

Antiretroviral-experienced pat:entpj he pLEQ‘

Rld kel verhts

Genotypic Determination of HIV Tropism

information should be available together with each
drug resistance test to facilitate the design of an optimal
rescue therapy.

In HIV-infected patients under suppressive antiretro-
viral therapy, in which a simplification therapy based
on maraviroc is planned, HIV tropism could be performed
from peripheral blood mononuclear cells (PBMC)*7:%8,
Although there is as yet scarce data regarding the
clinical validation of this therapeutic strategy, the results
reported to date are very promising®’.

Other specific clinical situations (Alll)

Once X4 variants are detected, a subsequent deter-
mination of viral tropism is not recommended. HIV
tropism information must be clearly recorded in the
medical history. In those patients with limited therapeu-
tic options, the quantification of X4 variants could be
considered, since their presence between 10-30% has
been associated with a viral load reduction > 1.5 log*.
HIV tropism determination during transiently detectable
viremia (blips) is not recommended.

Technical and methodological
recommendations for V3 genotyping
in the clinical setting

Table 4 records the main technical and methodo-
logical recommendations that are detailed below.

Plasma volume (All)

It is recommended to use a minimum plasma volume
of 500 pl. Lower volumes might not properly allow the
detection of minority variants, regardless of the meth-
odology used (genotypic or phenotypic assays).

Number of reverse transcriptase
polymerase chain reaction (All)

aelgg Sﬁotﬁs!rg erblﬂ @ﬁrtrlﬁrﬂngﬁhay tbﬁerform three reverse tran-

scrlptase polymerase chain reaction (RT-PCR) assays

@@P&ge odology used in the re-analysis
of the MOTIVATE and MERIT trial in which V3 genotyp-

\Aﬁqt‘féjfb@j"m\qaélgc‘fxé to discriminate between

nonresponders to maraviroc'®!!. The
nce of three RT-PCR has demonstrated to in-
@Eensmwty to detect X4 variants from 4 to 8%
ared with the performance of one single PCR®-62,

responde
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Table 4. Clinical and methodological recommendations for determining HIV tropism in the clinic

Topic Specific recommendation Recommendation Comments
grading
Patients Antiretroviral-naive Cll Only consider in special clinical situations
(presence of primary resistance or drug
toxicities).
Treatment-experienced Alll Recommended for each treatment failure.
Report R5 tropism/X4 tropism Alll Genotypic assays based on bulk

sequencing cannot distinguish between
dual/mixed-tropic or X4-tropic variants.
In parallel together with the Alll CCR5 antagonist might be considered
resistance test for RT, PR, similarly to other drugs in rescue therapies.
integrase and fusion inhibitors

Interpretation Geno2pheno 5-5.75%, PSSM All These were the thresholds established for
X4R5/SINSI detecting X4 variants in the re-analysis of
the MOTIVATE and MERIT trials.
Geno2pheno 10-20% BII There are promising results in several
European cohorts of patients.
Plasma or PBMC Clll The criterion for tropism interpretation is the

same regardless of the type of sample used.

Plasma volume > 500 pl All Increase the sensitivity to detect X4-tropic
variants.
Number of Triplicate All Triplicate V3 sequencing was performance
RT-PCR during the re-analysis of the MOTIVATE and
MERIT trials.
Single Bll There are promising results in several

European cohorts of patients.

Proviral DNA Whether HIV RNA viral load Clll There are promising results in several

is < 500 copies/ml European cohorts of patients.
Sequence It is indicated to expand the V3 Alll Increase the sensitivity to detect X4-tropic
analysis sequence in the case of variants.

nucleotide mixtures in all
possible permutations

If the V3 sequence has > 8 Alll A heterogeneous V3 sequence might cause
nucleotide mixtures, do not errors during interpretation.
consider it for subsequent
analysis.

Non-B subtypes To advise regarding the lower Alll To perform a phenotypic assay in
sensitivity to non-B compared non-subtypes different to CRF02_AG, G,
with B subtype or C might be considered.

Strength of recommendation. A: strong recommendation for the statement; B: moderate recommendation for the statement; C: optional recommendation for the statement.
Quality of evidence for recommendation. I: One or more randomized trials; II: One or more well-designed, nonrandomized trials; I1I: Expert opinion.
RT: reverse transcriptase; PR: protease; PBMC: peripheral blood mononuclear cell.

No part of this publication may be

maraviroc were assessed, V3 arrﬁ@@ﬁ@@é@@@@jn@[’ pé’lr@ﬂ}@@pmﬂ@r example, for geno2pheno it is

by a unique RT-PCR, reaching rates of virologic response recommended to use a false-positive rate (FPR) higher

to maraviroc of up to 8%%@] fo'(ﬁest mn V\W?Tﬁé % Tqmgia e strongly recommended

which the virologic response to maraviroc had been in samples WI 00 copies/ml.
compared depending on the number PlFé:
performed are lacking. For this reason, téf (b Q%J)\ﬁbﬁbNA (Clll)

unique RT-PCR (BIl) to obtain V3 amplicons is also
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or HIV RNA < 500 copies/ml in which RNA amplification
from plasma samples are not available. V3 genotyping
can be performed from blood or from PBMC. Current
data agree that viral tropism determination from pro-
viral DNA is more sensitive for the detection of X4
variants compared to that performed from plasma
RNAB384 Data regarding the rates of virologic response
to maraviroc in patients in which viral tropism have
been carried out from proviral DNA are scarce*9,

Quality of V3 sequences (CIII)

It is recommended to discard the analysis of V3
sequences with more than eight nucleotide mixtures.
In these cases, it is suggested to repeat both V3 am-
plification and sequencing.

Expansion of V3 sequences (Alll)

To increase the sensitivity for the detection of X4
variants, V3 sequences with nucleotide mixtures (con-
sidering a nucleotide mixture when the second highest
peak in the electropherogram was above 25%) need
to be expanded into all possible amino acid permuta-
tions. Specimens will be considered as harboring R5
viruses only when all permutations excluded X4-tropic
strains. The use of this strategy leads to an increase in
the sensitivity to detect X4 variants of up to 10%.

Choosing an algorithm for viral tropism
interpretation (All)

Viral tropism interpretation is based on a V3 nucleo-
tide or amino acid sequence. Although there are several
rules and algorithms available for viral tropism interpre-
tation, geno2pheno and PSSM are considered the most
appropriate to use in the clinical setting. Table 3 repre-
sents the rate of concordance between geno2pheno
and PSSM compared with the Trofile™ and ES-Trofile™
assays for genotypic interpretation of viral tropism and
to predict clinical respon td Qaﬁir&
algorithm it is possible to obtain different rates of
sensitivity to detect X4 variants gepe
used™ or the matrix selected for interpretation in the case

(Sadi
ard oCnefRBr B

< 63% %1 compared to Trofile™. Recent reports show
prospective data regarding clinical response to mara-
viroc in which HIV tropism was determined genotypi-
cally using geno2pheno with an FPR of 10 and 20%,
with rates of virologic response of up to 85%%8>'. The
use of these FPR is especially indicated when V3 geno-
typing has been obtained with a single RT-PCR (BII).
In the case of PSSM, the R5X4 matrix was used for the
re-analysis of the MOTIVATE trials and demonstrated
to be comparable to Trofile™, although its sensitivity to
detect X4 variants compared with Trofile™ was 59%.
The PSSM matrices R5X4 and SINSI have shown to be
similar in terms of sensitivity and specificity compared
with Trofile™: therefore, both matrices are suitable to
use for viral tropism determination.

The PSSM interpretation matrices proposed by Pov-
eda, et al. have shown an improved sensitivity to detect
X4 variants of up to 93%°8. These matrices have been
validated in an independent cohort of patients showing
a negative predictive value of 97%: that is, the possibil-
ity of misclassified X4 variants as R5 using Trofile™ is
< 3%. However, its positive predictive value is 50%,
which means half of V3 sequences classified as X4
would be classified as R5 using Trofile™, representing
an overestimation of X4 variants. These new matrices
are freely available at the Fortinbras PSSM website
(http://fortinbras.us/cgibin/fssm/fssm.pl).

The combinatorial algorithms for HIV-1 tropism interpre-
tation proposed by Sanchez, et al.? and Chueca, et al.’,
which increased the sensitivity and specificity for X4 vari-
ants detection up to 90%, are considered too complex
to be used as first choice in routine clinical practice.

Interpretation in non-B HIV subtypes

Overall, the sensitivity of genotypic assays to iden-
tify X4 variants is lower for non-B HIV-1 subtypes than
for B-subtypes. In a recent study published by Seclén,
et al.%, the sensitivity to identify X4 variants was 94%
or.B subtypes and 63% for non-B subtypes using
be]rﬁ@%é@ﬂ(m&w eompared with the pheno-
typic assay HIV-1 Phenoscript Env (ViRalliance, Paris,

@@igy/m the same set of samples, the
sensitivity to detect X4 variants using PSSMrbx4 was

of PSSM832. An increase, itivi f(ﬂﬁr@ c}ﬁf@n V\?ﬁ" aog? ﬁcﬁ % feron-B subtypes® (Table 5).
of X4 variants is accompan\&j E;‘Tf a géiitin specificity. For I(jsze(gs[‘?‘bil yé; geno %i@t@ols was also evaluated for

geno2pheno, it is recommended to use an FPﬂ 1‘;5 or
5.75% since both have demonstrated to be Q) E
to the original Trofile™ and ES-Trofile™ assays, respec-

i PR ErRUS
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speeific HIV-1 subtypes. The CRF02_AG and subtype
Visijiarel

rles ost prevalent in Spain (47%)% and several
Eurcizean countries®97. The sensitivity of geno2pheno
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Table 5. Sensitivity and specificity of the genotypic algorithms geno2pheno and PSSM for the detection of X4 variants compared
with phenotypic assays in specimens from patients infected with non-B HIV-1 subtypes

Genotype vs. Phenotype*

Genetic subtype (n) Algorithm Sensitivity (%) Specificity (%)
CRF02_AG (52)%8 Geno2pheno 40 90
PSSMx4r5 80 76
PSSMsinsi 70 90
C (73)7° Geno2pheno 87 89
(FPR- 10%)
PSSMx4r5 80 93
(matriz B)
PSSMsinsi 93 82
(matriz C)
CRF02_AG+G (37)%4 Geno2pheno 71 80
(FPR- 10%)
PSSMx4r5 71 90
PSSMsinsi 57 93
Non-B subtypes (75)8 Geno2pheno 58 84
(FPR- 10%)
PSSMx4r5 58 87
PSSMsinsi 50 90
B subtypes (75)% Geno2pheno 94 51
(FPR- 10%)
PSSMx4r5 89 86
PSSMsinsi 89 81

G was 71%. Raymond, et al. obtained similar results
for CRFO2_AG specimens using the PSSM matrices
R5X4 and SINSI, although the sensitivity found using
geno2pheno was 40%%. In the case of patients in-
fected with subtype C, the most prevalent worldwide®?,
PSSM has developed a specific matrix showing a sen-
sitivity of 93%7°.

There is scarce data regarding the feasibility of
genotypic tools to predict clinical response to maraviroc
in patients infected with non-B subtypes. A-recent re-
port from a small cohort C?Rj-@/
shown that the clinical response to maraviroc was com-
parable between B and non-B 5@@@@@@@
2pheno (FPR 20%)*. In the case of patients infected

-|nfedted(phtients hds U
o P

to guide the therapeutic use of CCR5 antagonists. The
use of specific genotypic tools such as geno2pheno
and PSSM have demonstrated, in retrospective ana-
lyses of the MOTIVATE and MERIT trials, their ability to
predict virologic responses to a CCR5 antagonist-
based therapy, even though their sensitivity to detect
X4 variants is low compared with Trofile™. Although
more prospective results from studies in large cohorts
of patients are required, the data available to date
upports the feasibility of V3 genotyping for HIV tropism
hfication i@\l setting. The clinical and

methodological recommendations recorded in this review

hy@’@@l@: rip]goper performance of genotypic

HIV tropism determination.

with non-B subtypes a pWﬁ*@ngsat/h%dW[@}e WIQ:F(L%ON a%l;ﬂl’g*%élOﬂ

viral tropism may be considered

Conclusions
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