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The maraviroc clinical test (MCT) is a clinical approach to establish the indication of maraviroc treatment.
In this study, we analysed the long-term outcome of patients receiving a combined antiretroviral therapy
(cART) selected according to MCT results. Ninety-two consecutive HIV-infected patients underwent MCT.
A virological response (<40 HIV-RNA copies/ml after 24 weeks) was observed in 76/92 patients (82.6%).
These patients (n = 76) were included in a time to treatment failure analysis; after a mean follow-up per-
iod of 88 weeks, treatment failure was confirmed in 14 patients (18.4%). Tropism switch during MCT was
observed in 3/35 patients (8.6%); these patients experienced excellent long-term outcome on cART. In
conclusion, MCT should be considered as an additional method before CCR5-antagonists prescription.

© 2012 Elsevier B.V. All rights reserved.

Determining viral tropism is mandatory before prescribing
maraviroc (MVC). Trofile® and its new version (ES-Trofile®) are
the assays that are predominantly performed in clinical practise
(Whitcomb et al., 2007; Reeves et al., 2009). However, this test
has some limitations, such as approximately 20% of non-reportable
results and changes in the reported tropism results without thera-
peutic intervention (Schiirmann et al., 2007; Landovitz et al,,
2008). Different phenotypic (Gonzalez et al., 2010) and genotypic
assays (Raymond et al., 2008; Poveda et al., 2009; Chueca et al.,
2009) have been developed as alternative tropism assays and com-
pared with ES-Trofile®. Recently, we designed a clinical approach
to establish the indication of CCR5-antagonist prescription (Marav-
iroc clinical test, MCT; Genebat et al., 2009). However, concerns
about the potential emergence of CXCR4 (X4)-tropic virus during
this short-term MVC exposure which could affect the virological
efficacy of subsequent combined antiretroviral therapy (cART),
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have emerged. Thus, the objective of the present observational
study was to analyse the long-term outcome of cART started after
MCT.

Beginning on July 1st 2008, a prospective study was conducted
in the Clinic Unit of Infectious Diseases, Microbiology and Preven-
tive Medicine of Seville (Genebat et al., 2009). Briefly, asymptom-
atic HIV-infected patients with a persistently detectable viral
load started eight-day MVC monotherapy (MCT). MCT was consid-
ered positive if a reduction >1 log;o HIV-RNA copies/mL or unde-
tectable viral load (<40 HIV-RNA copies/mL) was achieved after
eight-day MVC monotherapy. As of June 1st 2011, 92 consecutive
HIV-infected patients underwent MCT. Subsequently, MCT patients
began a new cART, according to (a) genotype resistance test, (b)
previous antiretroviral exposure, and (c) response to MCT, to de-
cide MVC inclusion in the new cART. Patients or guardians (for pa-
tients under 18 years old) provided written informed consent, and
the Ethical Committee of the Hospital approved the study.

The virological response to cART was defined as a confirmed (two
consecutive determinations) viral load <40 HIV-RNA copies/mL at
week 24. Failure of the new cART was defined as the following: (a)
persistently detectable viral load after at least 24 weeks of follow-
up or (b) lost on follow-up (death or missing equals failure). Because
patients included in the present study were both naive and pre-
treated subjects, we considered that an acceptable global rate of
undetectability should be >75%, according to previous studies show-
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ing a global efficacy ranging from 68% (Recordon-Pinson et al., 2010)
to 80% (Cooper et al., 2010). All of the patients achieving virological
response were included in a time to treatment failure analysis (Kap-
lan-Meier). In this analysis, treatment failure was defined as a con-
firmed (two consecutive determinations) viral load >40 HIV-RNA
copies/mL and lost on follow-up (death or missing equals failure).
Additionally, the determination of HIV-1 co-receptor usage was per-
formed using TROCAI, a phenotypic method developed in our labo-
ratory (Ruiz-Mateos et al., 2004; Gonzalez-Serna et al., 2010), in a
subgroup of 35 consecutive patients the day of starting MCT and
the last day of MCT with detectable viral load. An intention to treat
analysis was performed in all cases.

Baseline characteristics of the patients are shown in Table 1. It
should be noted that 14/92 patients (15.2%) showed detectable vir-
al load <1000 HIV-RNA copies/mL (threshold of ES-Trofile®). MCT
classified all of them as the following: 10 of these patients
(71.4%) showed a positive MCT, while four (28.6%) showed no viral
load modification after MCT. Patients with a positive MCT (n = 67)
began an MVC-containing cART, while patients with a negative
MCT (n = 25) began an MVC-sparing cART (summarised in Table 2).
It should be noted that MVC was combined with low genetic bar-
rier drugs (lamivudine/abacavir or raltegravir) or only atazanavir/
ritonavir (a low potency drug in monotherapy) in 55 patients with
a positive MCT (82.1%). Virological response was observed in 76
(82.6%) subjects and was greater in patients with a positive MCT
(89.6% vs 64%; p = 0.004 chi-square test). Regarding the 16 patients
with no virological response, 10 patients were lost on follow-up or
non-adherent to cART. When patients on treatment were analysed
separately, a virological response to cART after MCT was observed
in 76/82 patients (92.7%). The proportion of patients with unde-
tectable viral load at different time points is shown in Fig. 1. Mean
CD4"* T-cell gain after the cART was started is shown in Fig. 2.

TROCAI found tropism switch in 3/35 patients during MCT
(8.6%). Two patients experienced a tropism change from R5 to
dual/mixed (D/M); both of them had an undetectable viral load
after 48 weeks of receiving an MVC-containing cART. Another pa-
tient with a negative MCT showed a tropism change from D/M to
R5; this patient received an MVC-sparing cART and also achieved
undetectability after 48 weeks.

Patients achieving virological response with the new cART
(n=76) were included in a Kaplan-Meier analysis to evaluate time
to treatment failure (Fig. 3). After a mean follow-up of 88 weeks
(95% CI 75-100), treatment failure was observed in 14/76 patients
(18.4%). No significant differences were found regarding the pro-
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portion of treatment failures between MCT positive and MCT neg-
ative groups (log-rank test, p = 0.18).

These results show that MCT could be considered an additional
approach to select candidate patients to receive CCR5-antagonists
as part of a cART, because the majority of patients on treatment
achieved a durable and favourable immunovirological response
regardless of MVC utilisation. We have recently shown that re-
sponse to MVC monotherapy is greater in patients with higher
baseline CD4" T-cell counts (Ruiz-Mateos et al., 2011).

After MCT was designed (Genebat et al., 2009), the potential
emergence of X4 variants that could affect further immunovirolog-
ical evolution of the subsequent cART was hypothesised. In the
present study, we did not observe the emergence of X4 variants
during MVC monotherapy in >90% of patients. We have recently
confirmed and extended these preliminary results (Gonzalez-Serna
et al.,, 2012a). The tropism switch from R5 to D/M could be ex-
plained by the presence of minor X4 variants before the initiation
of treatment with a CCR5 antagonist (Fitkenheuer et al., 2005;
Westby et al., 2006). The further evolution of these patients was
satisfactory regarding the expected proportion of patients with a
virological response, most likely because there is no clinical rele-
vance of low-level X4 variants, as previously shown in the post
hoc analysis of MERIT studies (Cooper et al., 2010). In contrast,
the tropism switch from D/M to R5 could be explained by a cate-
gorical cut-off, suggesting that the clinical response to the drug
may be more important than a categorical tropism result.

Different studies have shown that MVC use based on ES-Trofile®
tropism prediction is safe over the long-term (Gulick et al., 2008;
Nozza et al.,, 2011). Recently, we have shown similar results in a
retrospective analysis in which MVC prescription was based on
MCT results in most patients (Genebat et al., 2010). However, dis-
cordance rates of approximately 15% between MCT and ES-Trofile®
(Genebat et al., 2011) have been recently described and might have
important clinical implications. We consider that MCT could help
to avoid ES-Trofile® limitations, such as the following: (1) changes
in viral tropism reported by ES-Trofile® without any therapeutic
intervention (Schiirmann et al., 2007; Landovitz et al., 2008); (2)
misclassification of patients as harbouring D/M tropism, as shown
in the reanalysis of the MERIT study (Cooper et al., 2010); and (3)
inability to analyse patients with low but detectable viral load
(<1000 HIV-RNA copies/mL).

Genotypic methods are emerging in Europe as an alternative to
ES-Trofile® (Raymond et al., 2008; Poveda et al., 2009; Chueca
et al., 2009). When the MCT result was compared with different

Table 1
Baseline characteristics of the patients.
Global (n=92) MCT positive (n=67) MCT negative (n = 25) p value

Age, years 39.6 [8-70] 39.6 [8-70] 39.6 [15-63] 0.996
Male sex (%) 72 (78.3) 51(76.1) 21 (84) 0.415
HCV coinfection® (%) 28 (30.4) 19 (28.4) 9 (36) 0.479
Viral load, log;o cop/mL 4.23 [1.94-6.03] 5.86 [1.94-4.17] 4.4 [2.08-6.03] 0.3
CD4", cell/mm? 333.9 [2-913] 393.8 [18-913] 188 [2-646] <0.001
Sexual transmission (%) 55 (59.8) 45 (67.2) 10 (40) 0.08
IDU® transmission (%) 30 (32.6) 19 (28.4) 11 (44) 0.1
Vertical transmission (%) 5(5.4) 2(3) 3(12) 0.09
Blood transfussion (%) 2(2.2) 1(1.5) 1(4) 0.3
Stage C, CDC* (%) 16 (17.4) 7 (10.4) 9 (36) 0.004
Real monotherapy? (%) 66 (71.7) 51 (76.1) 15 (60) 0.127
Functional monotherapy® (%) 26 (28.3) 16 (23.9) 10 (40) 0.127

Values other than percentage are expressed as mean [minimum-maximum]. Comparison of variables between groups was analysed using the Chi-square or Student’s t test

when stated.
@ Positive PCR for hepatitis C virus.
IDU: intravenous drug users.
Centre for diseases control.
Maraviroc monotherapy during MCT.
Maraviroc added to the previous failing cART.
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Table 2
Antiretrovirals started after MCT.
MCT negative patients (n = 25)MVC-sparing cART n (%) MCT positive patients (n = 67) MVC-containing cART® n (%)
Darunavir/ritonavir plus raltegravir 12 (48) Atazanavir/ritonavir 24 (35.8)
Two NRTIs plus NNRTI® 7 (28) Lamivudine/abacavir 23 (34.3)
Two NRTIs plus IPP 6 (24) Raltegravir 8(11.9)
Darunavir/ritonavir 6(8.9)
Darunavir/ritonavir plus etravirine 6(8.9)

2 cART based on two nucleosides (either abacavir/lamivudine or emtricitabine/tenofovir) plus one non-nucleoside (either nevirapine, efavirenz or etravirine).
b ¢ART based on two nucleosides (either abacavir/lamivudine or emtricitabine/tenofovir) plus one protease inhibitor boosted with ritonavir.

¢ MVC combined with drugs exposed beneath.
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Fig. 1. Percentage of patients with undetectable viral load (black, <40 HIV-RNA copies/mL; grey, <200 HIV-RNA copies/mL) at each time point, after rescue therapy was
started after MCT. After 48 weeks of follow-up (n = 53), >90% of patients had achieved undetectability. Note that 12% of patients started cART with an undetectable viral load;

these patients achieved undetectability during MCT.
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Fig. 2. Mean CD4" T-cell gain on cART after MCT according to MCT result: the MCT positive group showed a greater CD4" T-cell gain at every time point, except week one

(*p < 0.05, Mann-Whitney U test).

genotypic tests, including deep sequencing (Gonzalez-Serna et al.,
2012b), discordance rates of approximately 20% were observed.
Moreover, genotypic methods have been compared with ES-Tro-
file® as the gold-standard, but the clinical decision to use MVC
was established by ES-Trofile® instead of the genotypic tropism
prediction. In fact, the present study is the first in which MVC clin-
ical use in a prospective cohort was based on a different method

and independent of ES-Trofile® results. Interestingly, in the present
study, MVC was mainly combined with low genetic barrier drugs
compared with previous studies in which background therapy
was effective enough to achieve a virological response (Recor-
don-Pinson et al., 2010).

The main limitation of the present observational study is the
absence of a control group. However, in our clinical practise,



210 M. Genebat et al./Antiviral Research 95 (2012) 207-211

08+

0.6

0.4+

% undetectabllity

0.2

004

T T T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 B84 96 108 120 132 144 156 168 180 192 204
Weeks under cART, once undetectability was achieved

Fig. 3. Percentage of patients with undetectable viral load, after undetectability
was achieved. Intention to treat analysis: confirmed detectable viral load, lost on
follow up and death were considered as treatment failure.

MVC prescription is based on MCT due to the high rates of discor-
dance of this method with other tropism assays (Genebat et al.,
2011; Gonzalez-Serna et al., 2012b).

In conclusion, based on the high rates of the virological success
of a cART started after MCT, we believe that MCT should be consid-
ered as an additional method to be used in clinical practise before
CCR5-antagonist prescription.

Conflict of interest

M.L. has a grant from ViiV Healthcare.

Acknowledgements

This study was supported by ViiV Healthcare (Project Number
WS843473), Redes Telematicas de Investigacién Cooperativa en Sa-
lud (RETICS; 2006, Red de SIDA RD 06/0006/0021 and RD 06/0006/
035, 2007-2010) and a grant from Fondo de Investigaciones Sani-
tarias PS 09/01595. E. R.-M.,, S.F.-M. and Y.M.P. received Grants
from Fondo de Investigaciones Sanitarias (CP 08/00172, FIS CD
10/00382 and CP 07/00240). We want to particularly acknowledge
the HIV BioBank integrated in the Spanish AIDS Research Network,
which is supported by Instituto de Salud Carlos III, the Spanish
Health Ministry and Fundacién para la investigacién y prevencién
del SIDA en Espaiia (FIPSE), and collaborating centres for the gen-
erous gifts of clinical samples used in this work. We are grateful
to the patients that participated in this study, José Manuel Lara
Ruiz from the Immunology Service for his technical support, Dra
Amparo Lluch (Pharmacy Service) for her support to the patients
and Marien Gutiérrez Sancho, Magdalena Rodriguez, Ana Maria
Guijarro and Francisca Cano from Hospital de Dia (Infectious Dis-
eases Service) for their uninterested assistance.

References

Cooper, D.A., Heera, J., Goodrich, ]., Tawadrous, M., Saag, M., Dejesus, E., Clumeck, N.,
Walmsley, S., Ting, N., Coakley, E., Reeves, ].D., Reyes-Teran, G., Westby, M., Van
Der Ryst, E., Ive, P., Mohapi, L., Mingrone, H., Horban, A., Hackman, F., Sullivan, J.,
Mayer, H., 2010. Maraviroc versus efavirenz, both in combination with
zidovudine-lamivudine, for the treatment of antiretroviral-naive subjects
with CCR5-tropic HIV-1 infection. J. Infect. Dis. 201, 803-813.

Chueca, N., Garrido, C., Alvarez, M., Poveda, E., de Dios Luna, ]., Zahonero, N.,
Herndndez-Quero, J., Soriano, V., Maroto, C., de Mendoza, C., Garcia, F., 2009.

Improvement in the determination of HIV-1 tropism using the V3 gene
sequence and a combination of bioinformatic tools. J. Med. Virol. 81, 763-767.
Fitkenheuer, G., Pozniak, A.L, Johnson, M.A. Plettenberg, A. Staszewski, S.,
Hoepelman, Al, Saag, M.S., Goebel, F.D., Rockstroh, J.K., Dezube, B.]., Jenkins,
T.M., Medhurst, C., Sullivan, J.F., Ridgway, C., Abel, S., James, L.T., Youle, M., van
der Ryst, E., 2005. Efficacy of short-term monotherapy with maraviroc, a new
CCR5 antagonist, in patients infected with HIV-1. Nat. Med. 11, 1170-1172.

Genebat, M., Ruiz-Mateos, E., Ledn, J.A., Gonzdlez-Serna, A., Pulido, I, Rivas, I,
Ferrando-Martinez, S., Sanchez, B., Mufioz-Fernandez, M.A., Leal, M., 2009.
Correlation between the Trofile test and virological response to a short-term
maraviroc exposure in HIV-infected patients. ]. Antimicrob. Chemother. 64,
845-849.

Genebat, M., Ruiz-Mateos, E., Pulido, 1., Gonzédlez-Serna, A., Garcia-Pergaiieda, A.,
Méndez, G., Romero-Sanchez, M.C., Ferrando-Martinez, S., Leal, M., 2010. Long-
term immunovirogical effect and tolerability of a maraviroc-containing regimen
in routine clinical practice. Curr. HIV Res. 8, 482-486.

Genebat, M., Ruiz-Mateos, E., Gonzélez-Serna, A., Pulido, 1., Muifioz-Ferndndez, M.A.,
Ferrando-Martinez, S., Leal, M., 2011. Discordance rates between Trofile® test
and short-term virological response to maraviroc. Antiviral Res. 89, 182-185.

Gonzélez, N., Pérez-Olmeda, M., Mateos, E., Cascajero, A., Alvarez, A., Spijkers, S.,
Garcia-Pérez, J., Sinchez-Palomino, S., Ruiz-Mateos, E., Leal, M., Alcami, ]., 2010.
A sensitive phenotypic assay for the determination of human
immunodeficiency virus type 1 tropism. ]J. Antimicrob. Chemother. 65, 2493-
2501.

Gonzalez-Serna, A., Leal, M. Genebat, M., Abad, M.A., Garcia-Perganeda, A.,
Ferrando-Martinez, S., Ruiz-Mateos, E., 2010. TROCAI (Tropism coreceptor
assay information): a new phenotypic tropism test and its correlation with
TROFILE-ES and genotypic approaches. J. Clin. Microbiol. 48, 4453-4458.

Gonzalez-Serna, A., Romero-Sanchez, MC., Ferrando-Martinez, S., Genebat, M., Vidal,
F., Muiioz-Fernandez, M.A., Abad, M.A,, Leal, M., Ruiz-Mateos, E., 2012a. HIV-1
tropism evolution after short-term maraviroc monotherapy in HIV-1-infected
patients. Antimicrob. Agents Chemother. 56, 3981-3983.

Gonzalez-Serna, A., McGovern, RA., Harrigan, P.R,, Vidal, F., Poon, AF., Ferrando-
Martinez, S., Abad, M.A., Genebat, M., Leal, M., Ruiz-Mateos, E., 2012b.
Correlation of the virological response to short-term maraviroc monotherapy
with standard and deep sequencing-based genotypic tropism methods.
Antimicrob. Agents Chemother. 56, 1202-1207.

Gulick, R.M., Lalezari, ]., Goodrich, ]., Clumeck, N., DeJesus, E., Horban, A., Nadler, ]J.,
Clotet, B., Karlsson, A., Wohlfeiler, M., Montana, ].B., McHale, M., Sullivan, J.,
Ridgway, C., Felstead, S., Dunne, M.W., van der Ryst, E., Mayer H., MOTIVATE
Study Teams. 2008. Maraviroc for previously treated patients with R5 HIV-1
infection, N Engl ] Med 359, 1429-1441.

Landovitz, R.]., Angel, J.B., Hoffmann, C., Horst, H., Opravil, M., Long, ]., Greaves, W.,
Fdtkenhauer, G., 2008. Phase II study of vicriviroc versus efavirenz (both with
zidovudine/lamivudine) in treatment-naive subjects with HIV-1 infection. J.
Infect. Dis. 198, 1113-1122.

Poveda, E., Seclén, E., Gonzdlez Mdel, M., Garcia, F., Chueca, N., Aguilera, A.,
Rodriguez, ].J., Gonzélez-Lahoz, ]., Soriano, V., 2009. Design and validation of
new genotypic tools for easy and reliable estimation of HIV tropism before
using CCR5 antagonists. J. Antimicrob. Chemother. 63, 1006-1010.

Nozza, S., Galli, L., Bigoloni, A., Nicola, G., Pogliaghi, M., Cossarini, F., Salpietro, S.,
Galli, A., Della Torre, L., Tambussi, G., Lazzarin, A., Castagna, A., 2011. Durability
and safety of a novel salvage therapy in R5-Tropic HIV-infected patients
maraviroc raltegravir etravirine. J. Acquir. Immune Defic. Syndr. 56, 113-115.

Raymond, S., Delobel, P., Mavigner, M., Cazabat, M., Souyris, C., Sandres-Sauné, K.,
Cuzin, L., Marchou, B., Massip, P., Izopet, J., 2008. Correlation between genotypic
predictions based on V3 sequences and phenotypic determination of HIV-1
tropism. AIDS 22, 11-16.

Recordon-Pinson, P., Soulié, C., Flandre, P., Descamps, D., Lazrek, M., Charpentier, C.,
Montes, B., Trabaud, M.A,, Cottalorda, J., Schneider, V., Morand-Joubert, L.,
Tamalet, C., Desbois, D., Macé, M., Ferré, V., Vabret, A., Ruffault, A., Pallier, C.,
Raymond, S., Izopet, ]., Reynes, ]., Marcelin, A.G., Masquelier, B., ANRS AC11
Resistance Study Group. 2010. Evaluation of the genotypic prediction of HIV-1
coreceptor use versus a phenotypic assay and correlation with the virological
response to maraviroc the ANRS Geno Tropism Study, Antimicrob. Agents
Chemother. 54 3335-3340.

Reeves, ].D., Coakley, E., Petropoulos, CJ., Whitcomb, J.M., 2009. An enhanced-
sensitivity trofile HIV coreceptor tropism assay for selecting patients for
therapy with entry inhibitors targeting CCR5: A review of analytical and clinical
studies. ]. Viral Entry 3, 94-102.

Ruiz-Mateos, E., Rubio, A., Vallejo, A., De la Rosa, R., Sanchez-Quijano, A, Lissen, E.,
Leal, M., 2004. Thymic volume is associated independently with the magnitude
of short- and long-term repopulation of CD4+ T cells in HIV-infected adults after
highly active antiretroviral therapy (HAART). Clin. Exp. Immunol. 136, 501-506.

Ruiz-Mateos, E., Gonzalez-Serna, A., Genebat, M., Machmach, K., Vidal, F., Mufioz-
Ferniandez, M.A., Ferrando-Martinez, S., Leal, M., 2011. Virological response after
short-term CCR5 antagonist exposure in HIV-infected patients: frequency of
subjects with virological response and associated factors. Antimicrob. Agents
Chemother. 55, 4664-4669.

Schiirmann, D., Fitkenhauer, G., Reynes, ]., Michelet, C., Raffi, F., van Lier, J., Caceres,
M., Keung, A., Sansone-Parsons, A., Dunkle, L.M., Hoffmann, C., 2007. Antiviral
activity, pharmacokinetics and safety of vicriviroc, an oral CCR5 antagonist,
during 14-day monotherapy in HIV-infected adults. AIDS 21, 1293-1299.

Westby, M., Lewis, M., Whitcomb, J., Youle, M., Pozniak, A.L.,, James, L.T., Jenkins,
T.M., Perros, M., van der Ryst, E., 2006. Emergence of CXCR4-using human
immunodeficiency virus type 1 (HIV-1) variants in a minority of HIV-1-infected



M. Genebat et al./Antiviral Research 95 (2012) 207-211 211

patients following treatment with the CCR5 antagonist maraviroc is from a novel single-cycle recombinant-virus assay to determine human
pretreatment CXCR4-using virus reservoir. J. Virol. 80, 4909-4920. immunodeficiency virus type 1 co-receptor tropism. Antimicrob. Agents
Whitcomb, ].M., Huang, W., Fransen, S., Limoli, K., Toma, J., Wrin, T., Cappey, C., Kiss, Chemother. 51, 556-575.

L.D., Paxinos, E.E., Petropoulos, C.J., 2007. Development and characterization of a



	Patients on a combined antiretroviral therapy after maraviroc clinical test  show no immunovirological impairment
	Conflict of interest
	Acknowledgements
	References


