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a b s t r a c t 

Since the registration of maraviroc (MVC) as an antiretroviral agent in 2008, only studies with a follow-up 

time of < 5 years have been published. Therefore, little is known about its long-term safety and efficacy in 

clinical practice. In this cohort study, data on long-term follow-up of MVC treatment in routine practice 

were analysed. A retrospective cohort study was conducted at University Medical Centre Utrecht with 

a follow-up period up to almost 10 years. The efficacy and tolerability of MVC-containing antiretrovi- 

ral therapy (ART) was analysed in human immunodeficiency virus type 1 (HIV-1)-infected patients. The 

cohort consisted of 111 HIV patients who were treated for a median of 11.0 years (IQR 4.0–15.0 years) 

and with a median of 4 (IQR 2–6) previous ART regimens. The median time of MVC use was 49 months 

(IQR 21–82 months). Mean CD4 + T-cell counts continued to increase up to 9 years following initiation of 

MVC. Patients with a detectable viral load ( ≥50 copies/mL HIV-RNA) at the start of MVC-containing ART 

reached high proportions of viral suppression. Only three patients (2.7%) experienced treatment failure 

despite optimal therapy. Nine patients (8.1%) discontinued MVC owing to intolerance of their ART regi- 

men. Severe laboratory abnormalities were deemed to be unrelated to MVC use. During the 487 person- 

years of follow-up, 18 patients (16.2%) died. MVC use in this heavily pre-treated cohort was generally 

well tolerated during long-term follow-up. Furthermore, use of MVC resulted in a good immunological 

and virological response in clinical practice. 

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

Maraviroc (MVC; brand name Celsentri ®, Selzentry ®) was regis-

ered in 2008 as an antiretroviral drug for the treatment of hu-

an immunodeficiency virus type 1 (HIV-1) infection [1] . MVC

s an HIV-1 entry inhibitor and works as an antagonist for the

hemokine receptor 5 (CCR5 co-receptor) on the CD4 + T-cell mem-

rane [2,3] . The CCR5 co-receptor, together with the chemokine re-

eptor 4 (CXCR4 co-receptor), is used by the HIV-1 virus to enter

he CD4 + T-cell, and the virus can use either co-receptor on the

D4 + T-cell membrane. It is also possible that some (dual-tropic)

IV-1 strains use both receptors [4,5] . Typically, in the early stage

f infection most of the viral strains are R5-tropic. A switch to X4

sage may occur in later stages of the disease and is associated

ith more rapid disease progression [6–8] . 
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Approval of MVC for treatment-experienced adults with R5-

ropic HIV-1 was based on the results of the Maraviroc versus Op-

imized Therapy in Viremic Antiretroviral Treatment-Experienced

atients (MOTIVATE) studies [1] . Moreover, the Maraviroc versus

favirenz in Treatment-Naive Patients (MERIT) study and the mar-

viroc expanded access program showed promising results regard-

ng the efficacy and safety of MVC during 48 weeks of follow-up

9,10] . However, due to the unique mechanism targeting the host

ell instead of the viral protein, there were initially concerns about

ossible adverse effects [11] . In the early development of other

CR5 receptor antagonists (aplaviroc and vicriviroc), severe hepato-

oxicity and an association with malignancies, especially Hodgkin’s

nd non-Hodgkin’s lymphoma, were observed. 

These results contributed to concerns about MVC’s potential for

dverse events. However, the initial finding of an association of

icriviroc with malignancies was not confirmed in a larger study

12–14] . 

Apart from the 5-year follow-up of the MOTIVATE and MERIT

tudies, little is known about the long-term clinical use and safety
rved. 
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Table 1 

Baseline characteristics of patients included in this study a . 

Characteristic Indication for MVC 

Total population 

( n = 111) 

Virological 

failure ( n = 47) 

Immunological 

intensification ( n = 16) 

Intolerance or interaction 

of previous ART ( n = 48) 

Age (years) (mean ± S.D.) 50.2 ± 10.9 46.2 ± 11.1 48.7 ± 9.6 54.7 ± 9.5 

Male sex 87 (78.4) 32 (68.1) 15 (93.8) 40 (83.3) 

Time since HIV-1 diagnosis (years) 13.0 (7.0–17.0) 13.0 (5.0–17.0) 8.5 (3.8–13.8) 14.0 (8.3–17.0) 

Duration of ART (years) 11.0 (4.0–15.0) 11.0 (4.0–14.0) 7.5 (2.3–12.8) 12.5 (7.3–15.8) 

CD4 + T-cell nadir (cells/mm 

2 ) 92 (27–219) 35 (16–158) 62 (23–124) 161 (67–257) 

No. of previous ART regimens 4 (2–6) 4 (2–6) 4 (1–6) 4 (2–6) 

Virological failure with earlier ART regimen 62 (55.9) 32 (68.1) 5 (31.3) 25 (52.1) 

Prior AIDS-defining diagnosis 64 (57.7) 31 (66.0) 10 (62.5) 23 (47.9) 

CD4 + T-cells < 200 cells/mm 

2 30 (27.0) 23 (48.9) 5 (31.3) 2 (4.2) 

CD4 + T-cell count (cells/mm 

2 ) 379 (195–580) 201 (46–459) 254 (196–294) 586 (389–772) 

VL < 50 copies/mL HIV-RNA 60 (54.1) 0 16 (100) 44 (91.7) 

HIV-RNA (log 10 copies/mL) 1.7 (1.7–3.5) 3.9 (2.7–5.1) < 1.7 (–) b 1.7 (1.7–1.7) 

Use of PI 84 (75.7) 42 (89.4) 11 (68.8) 31 (64.6) 

Newly introduced PI 24 (21.6) 20 (42.6) 0 (–) 4 (8.3) 

Use of INI 46 (41.4) 25 (53.2) 4 (25.0) 17 (35.4) 

Newly introduced INI 35 (31.5) 23 (48.9) 0 (–) 12 (25.0) 

ALT (U/L) 25 (19–36) 23 (17–35) 30 (20–65) 26 (18–35) 

SCr (μmol/L) 86 (73–102) 79 (67–94) 91 (79–101) 95 (76–122) 

MVC, maraviroc; ART, antiretroviral therapy; S.D., standard deviation; HIV-1, human immunodeficiency virus type 1; AIDS, acquired immune deficiency syndrome; VL, viral 

load; PI, protease inhibitor; INI, integrase inhibitor; ALT, alanine aminotransferase; SCr, serum creatinine. 
a Data are expressed as the median (interquartile range) or number (%) of cases unless otherwise stated. 
b All patients had an undetectable VL ( < 50 copies/mL HIV-RNA). 
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of MVC [3,11,15] . The aim of the current retrospective study was

to analyse the efficacy and safety of long-term use of MVC in a

heterogeneous clinical cohort of HIV-infected patients. 

2. Patients and methods 

Data were collected from the electronic patient filing system

of the University Medical Centre Utrecht (UMCU, Utrecht, the

Netherlands) and the ATHENA National HIV observation cohort.

The UMCU is 1 of 30 HIV treatment centres in the Netherlands

and has 1799 HIV patients in care. 

2.1. Study population 

A retrospective cohort study was conducted in UMCU. Included

patients had a diagnosis of HIV-1 infection, were aged ≥18 years

and had taken at least one dose of MVC. Patients who participated

in the Maraviroc Immune Recovery Study (MIRS) or who partici-

pated in the Maraviroc Abacavir Study—effects on Endothelial Re-

covery (MASTER) [16,17] and only used MVC during these studies

were excluded ( n = 30). Follow-up continued until November 2017,

death or discontinuation of MVC. 

2.2. Data collection 

2.2.1. Baseline characteristics 

Baseline information was collected at the start of MVC use

( Table 1 ). The indication for switching to MVC-containing com-

bination antiretroviral therapy (cART) was categorised into three

groups: (i) virological failure; (ii) immunological intensification in

patients with undetectable viraemia but unsatisfying immunolog-

ical recovery on cART; and (iii) intolerance or drug–drug inter-

action of the current virologically suppressive regimen. The first

group contained patients whose ART failed to decrease the HIV vi-

ral load (VL) below the detection range of < 50 copies/mL HIV-RNA

in plasma or failed to maintain this level of virological suppression

with their previous ART regimen. In the second group, MVC was

started due to a viro-immunological dissociation during their pre-

vious ART. Viro-immunological dissociation entails a persistent low

CD4 + T-cell count despite an undetectable VL. In the third group,
VC treatment was started due to adverse effects or pharmacoki-

etic interactions. 

.2.2. Tropism testing 

Assessment of HIV co-receptor tropism was done with differ-

nt phenotypic and genotypic tropism assays, namely the geno-

ypic tropism test, the enhanced sensitivity Trofile ® assay or the

riginal Trofile ® assay. The choice of tropism assay was determined

ccording to European guidelines [18] and was influenced by logis-

ics, clinical variability and new developments. 

.2.3. Immunological response 

The CD4 + T-cell count was recorded at baseline and at 12-

onth intervals with a window of 3 months before and after these

ime points. Moreover, immunological response was measured as

he mean difference in CD4 + T-cell count compared with baseline. 

.2.4. Virological response 

In patients with a detectable VL at baseline ( ≥50 copies/mL

IV-RNA in plasma), virological response was assessed as time un-

il an undetectable VL ( < 50 copies/mL HIV-RNA) was measured.

his was noted as a percentage of patients undetectable at time

oints of 3, 6 and 12 months and continued with a 1-year inter-

al from baseline. Furthermore, virological failure was noted as a

L ≥ 200 copies/mL HIV-RNA in two consecutive measurements.

wo consecutive measurements of a VL between 50–200 copies/mL

ere considered as clinically irrelevant low-level viraemia. 

Patients who failed to reach an undetectable VL ( < 50 copies/mL

IV-RNA) during their period of MVC use as well as patients who

xperienced virological failure with a VL ≥ 200 copies/mL were

abelled as therapy failures. Regarding these patients, further re-

earch in the Electronic Patient Dossier (EPD) was conducted for

 possible explanation of the virological failure. Furthermore, the

umulative genotypic sensitivity score (GSS) of the backbone regi-

en was calculated for these patients. The GSS was determined by

ploading all of the previously observed mutations for a particu-

ar patient in the Genotypic Resistance Interpretation Algorithm of

he Stanford University HIV Drug Resistance Database v.8.4. ( https:

/hivdb.stanford.edu/hivdb/by-mutations ). The different antiretrovi-

al drugs were scored as 1 when the virus was ‘susceptible’ or

https://hivdb.stanford.edu/hivdb/by-mutations
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1  

t  
potentially resistant’, 0.5 when the drugs were ‘low’ or ‘interme-

iate’ resistant, and 0 in the case of ‘high resistance’. The scores

f the individual drugs are summed to obtain the GSS score of the

otal regimen used. 

.2.5. Tolerability 

Laboratory data on liver biochemistry and renal function were

ollected. Furthermore, information on cardiovascular events, ma-

ignancies and adverse events noted by the clinician were recorded

o evaluate the tolerability of MVC-containing ART. Moreover, the

THENA cohort database was also checked for these data. 

Laboratory abnormalities were evaluated according to the Di-

ision of AIDS (DAIDS) Table for grading the severity of adult and

aediatric adverse events, version 2.0 [19] . Alanine aminotransferase

ALT) values were noted at baseline and as the highest value above

he upper limit of normal (ULN) while on MVC. The ULN for ALT

as 35 U/L for women and 45 U/L for men. Toxicity was graded

s follows: grade 1, 1.25 to < 2.5 × ULN; grade 2, 2.5 to < 5.0 × ULN;

rade 3, 5.0 to < 10.0 × ULN; and grade 4, ≥10.0 × ULN. When the

ighest ALT during MVC use scored the same toxicity grade as

he baseline ALT, no hepatotoxicity was noted. Nephrotoxicity was

oted as an abnormal serum creatinine (SCr) during MVC use with

 40 μmol/L (baseline SCr < 300 μmol/L) or 80 μmol/L (baseline

Cr > 300 μmol/L) increase from baseline creatinine [20] . The ULN

or SCr was set at 90 μmol/L for women and 100 μmol/L for men.

he cut-off values for grades 1 to 4 were, respectively, 1.1–1.3 ×,

 1.3–1.8 ×, > 1.8 to < 3.5 ×, and ≥3.5 × ULN [19] . 

In cases of MVC discontinuation, the date and reason of discon-

inuation were noted. Reasons for discontinuation were grouped

s follows: intolerance of MVC; little or no effect on immunolog-

cal parameters (for patients who started MVC as immunological

ntensification); virological failure; treatment simplification; death;

r other reason. If a patient died during follow-up, the cause of

eath was recorded. 

.3. Statistical analysis 

Statistical analyses were performed with IBM SPSS Statistics for

indows v.21.0 (IBM Corp., Armonk, NY). Student’s t -test was used

o compare continuous variables. The χ2 and Fisher’s exact test

ere used for comparison of categorical variables. A two-sided P -

alue of < 0.05 was considered statistically significant. Furthermore,

he ‘last observation carried forward’ method was used for han-

ling missing CD4 + T-cell and HIV-RNA values. 

. Results 

.1. Baseline characteristics 

A total of 141 patients using MVC were identified, of whom

0 solely used MVC in the study context and were excluded

rom this cohort. Thus, 111 patients were included in this study.

heir baseline characteristics are shown in Table 1 . The HIV sub-

ypes and results of the different tropism tests are displayed in

able 2 . HIV-1 subtypes B and C were observed in 75 patients

67.6%) and 11 patients (9.9%), respectively. The mean ± standard

eviation age of the included patients was 50.2 ± 10.9 years. The

ajority of patients were male (87/111; 78.4%) and had been diag-

osed with HIV-1 infection for a median of 13.0 years [interquar-

ile range (IQR) 7.0 – 17.0 years]. Furthermore, the patients had

 long history of ART [median 11.0 years, IQR 4.0–15.0 years),

ith a median of 4 (IQR 2–6) previous regimens before starting

VC. There was a prior AIDS-defining diagnosis [21] in 64 patients

57.7%), and 62 patients (55.9%) had experienced virological failure

ith an earlier regimen ( Table 1 ). 
Of the 47 patients (42.3%) in the virological failure group, all

7 (100%) had a detectable VL with ≥50 copies/mL HIV-RNA. The

edian baseline VL in this group was 3.9 log 10 copies/mL (IQR 2.7–

.1 log 10 copies/mL). Of the 16 patients (14.4%) in the intensifica-

ion group, all 16 (100%) had an undetectable VL ( < 50 copies/mL

IV-RNA). Their median CD4 + T-cell nadir was 62 cells/mm 

2 (IQR

3–124 cells/mm 

2 ) and they had a median baseline CD4 + T-cell

ount of 254 cells/mm 

2 (IQR 196–294 cells/mm 

2 ). Finally, 48 pa-

ients (43.2%) started MVC because of intolerance to their previ-

us ART regimen or interaction of their previous ART with an-

ther treatment, of whom 44/48 (91.7%) had an undetectable VL

 < 50 copies/mL HIV-RNA) at baseline. Reasons to change previous

RT were renal disease with tenofovir treatment in 15/48 patients

31.3%), cardiovascular risk with abacavir in 4/48 patients (8.3%),

reatment of progressive K aposi’s sarcoma (HHV-8 positive) in 4/48

atients (8.3%) and interaction with chemotherapy of hepatitis C

irus (HCV) in 3/48 patients (6.3%). 

.2. Immunological response 

The aggregated follow-up time was 487 person-years. The me-

ian follow-up time was 49.0 months (IQR 21.0–82.0 months) with

 maximum of 118 months. A significant increase in CD4 + T-cell

ount was detected throughout the follow-up period ( Fig. 1 A). 

Separating the cohort based in indication for MVC initiation, pa-

ients who started MVC owing to virological failure of the previ-

us ART regimen ( n = 47) showed a significant increase in CD4 + T-

ell count over the follow-up period. During the first year, a mean

ncrease of 212 cells/mm 

2 [95% confidence interval (CI) 158–266

ells/mm 

2 ] was observed. The mean increase was 304 cells/mm 

2 

95% CI 195–414 cells/mm 

2 ) after 5 years in this group. The dif-

erence in CD4 + T-cell count compared with the baseline result for

atients who started MVC as immunological intensification ( n = 16)

howed a significant increase compared with baseline for the first

 years. The CD4 + count increased by 67 cells/mm 

2 (95% CI 23–112

ells/mm 

2 ) during the first year and by 122 cells/mm 

2 (95% CI –54

o 298 cells/mm 

2 ) after 5 years. However, 4/16 patients (25.0%) in

his group discontinued MVC owing to lack of effect on the CD4 + 

-cell count. In patients with intolerance to the previous regimen

r an interaction issue ( n = 48), a small increase in CD4 + T-cell

ount was seen over time. However, the increase was only signifi-

ant in the first year (64 cells/mm 

2 , 95% CI 3–124 cells/mm 

2 ). After

 years, the mean increase in CD4 + T-cell count was 100 cells/mm 

2 

95% CI –10 to 209 cells/mm 

2 ) ( Table 3 ; Fig. 1 B). 

.3. Virological response 

Failure of MVC-containing therapy was seen in 14 patients

12.6%). In the group who started MVC with a detectable VL, 5/51

9.8%) patients never reached an undetectable level during the

ollow-up period. Virological failure was seen in 9 patients (8.1%),

nd an additional 14 patients (12.6%) experienced a period of low-

evel viral rebound between 50–200 copies/mL with subsequent

uppression. Moreover, 83 patients (74.8%) reached/maintained an

ndetectable VL and/or never experienced two consecutive mea-

urements of a detectable VL. 

The time until patients reached an undetectable VL was noted

or patients with a detectable baseline VL ( n = 51). The median VL

n this group was 3.8 log 10 copies/mL HIV-RNA (IQR 2.4–5.1 log 10 

opies/mL HIV-RNA). Six months after switch to MVC, the VL was

ndetectable in 35/51 patients (68.6%). Eventually, 80.4% and 90.2%

f these 51 patients reached an undetectable VL in 1 year and 5

ears, respectively, while still using MVC ( Fig. 2 ). 

The baseline GSS of the backbone regimen was calculated in the

4 patients (12.6%) who were labelled as therapy failures. Ten pa-

ients had an MVC-containing regimen with GSS of ≥3 and one



218 J.M. Weehuizen, A.M.J. Wensing and T. Mudrikova et al. / International Journal of Antimicrobial Agents 54 (2019) 215–222 

Table 2 

Human immunodeficiency virus type 1 (HIV-1) subtypes, plasma HIV-RNA and results of tropism assays. 

Patient HIV-1 subtype Trofile ® GTT 

Type pVL Result Date pVL FPR V3-seq Result Date 

1 C 1.7 52.8 DNA R5 23-1-2013 

2 B ESTA 4.6 R5 18-4-2007 3.2 23.6 RNA R5 4-5-2012 

3 B 1.7 49.0 DNA R5 1-12-2010 

4 B 

5 C 1.9 34.9 DNA R5 12-8-2015 

6 B 1.7 10.2 DNA R5 18-1-2016 

7 B 6.3 90.9 RNA R5 3-8-2009 

8 B OTA 3.7 R5 27-2-2008 4.7 20.8 RNA R5 Before start MVC 

9 B 2.3 24.6 DNA R5 3-11-2014 

10 C ESTA 6.5 R5 1-7-2010 6.5 87.2 RNA R5 Before start MVC 

11 B 1.7 54.2 DNA R5 28-9-2011 

12 B 1.7 23.6 DNA R5 16-6-2014 

13 B ESTA 5.5 DM 11-2-2008 5.6 41.4 RNA R5 Before start MVC 

14 Unknown 1.7 1.7 DNA X4 Before start MVC 

15 B ESTA 5.1 R5 5-3-2010 

16 B 

17 C OTA 2.2 R5 12-6-2008 3.4 42.3 RNA R5 25-7-2012 

18 A1 1.7 74.0 DNA R5 27-10-2010 

19 B 2.7 89.3 RNA R5 20-9-2006 

20 B 1.7 51.8 DNA R5 28-6-2010 

21 B 1.7 67.0 DNA R5 7-4-2014 

22 B 1.7 44.9 DNA R5 10-1-2011 

23 B OTA 5.7 R5 9-4-2008 5.7 58.6 RNA R5 19-1-2011 

24 B 5.7 22.0 RNA R5 17-5-2011 

25 D 4.5 95.5 RNA R5 5-9-2005 

26 Unknown 1.7 ND DNA ND 31-7-2013 

27 J ESTA 4.7 R5 18-10-2007 4.7 82.3 RNA R5 29-6-2015 

28 B ESTA 6.5 R5 6-5-2009 1.7 53.5 DNA R5 26-10-2015 

29 B 1.7 50.9 DNA R5 16-10-2013 

30 A 4.9 22.8 RNA R5 10-6-2016 

31 A1 1.7 98.6 DNA R5 25-2-2013 

32 B 4.0 9.0 RNA X4 4-7-2011 

33 B 

34 B ESTA 5.0 DM 4-1-2010 

35 B 1.7 1.7 DNA X4 23-11-2015 

36 B 1.7 31.1 DNA R5 12-7-2012 

37 Unknown 

38 Unknown 

39 B 4.6 30.7 RNA R5 3-5-2013 

40 B OTA 5.6 R5 23-6-2008 5.6 41.6 RNA R5 Before start MVC 

41 B ESTA 4.7 DM 22-10-2008 4.7 79.5 RNA R5 Before start MVC 

42 B 5.0 39.3 RNA R5 7-4-2011 

43 A/CRF02_AG 1.7 83.3 DNA R5 5-10-2011 

44 B 4.1 38.0 RNA R5 29-7-2009 

45 D ESTA 5.0 DM 11-12-2009 5.0 2.3 RNA X4 5-6-2015 

46 B 2.0 44.8 DNA R5 8-8-2012 

47 CRF02_AG 5.8 69.1 DNA R5 16-6-2010 

48 CRF04_CPX ESTA 2.5 R5 15-6-2009 2.5 46.8 RNA R5 Before start MVC 

49 B ESTA 4.9 R5 26-7-2005 4.9 97.0 RNA R5 Before start MVC 

50 Unknown OTA 4.9 R5 27-12-2005 4.9 6.9 RNA X4 Before start MVC 

51 CRF02_AG OTA 5.3 R5 15-4-2008 5.3 58.6 RNA R5 15-4-2008 

52 B OTA 3.6 R5 4-2-1999 3.2 9.7 RNA X4 Before start MVC 

53 B ESTA 2.9 R5 11-2-2009 

54 A1 OTA 5.7 R5 28-5-2008 5.7 96.5 RNA R5 Before start MVC 

55 B ESTA 5.3 R5 11-8-2008 5.3 28.8 RNA R5 Before start MVC 

56 B ESTA 3.7 R5 12-1-2014 3.7 17.4 RNA R5 Before start MVC 

57 Unknown 1.7 1.3 DNA X4 Before start MVC 

58 C 1.7 65.9 DNA R5 8-1-2014 

59 B 1.7 1.7 DNA X4 5-1-2011 

60 G 5.5 ND RNA ND 24-10-2014 

61 B 1.7 8.6 DNA X4 10-4-2013 

62 B 1.7 59.0 DNA R5 11-9-2013 

63 B 1.7 0.2 DNA X4 19-10-2012 

64 B ESTA 2.9 DM 6-12-2004 2.7 17.0 RNA R5 Before start MVC 

65 B 2.9 74.6 RNA R5 1-10-2012 

66 CRF03_AB 1.7 68.3 RNA R5 20-6-2012 

67 B OTA 5.0 DM 19-3-2008 4.7 10.5 RNA R5 Before start MVC 

68 B OTA 5.8 R5 24-1-2007 5.8 13.2 RNA R5 Before start MVC 

69 B OTA 5.1 R5 18-10-2007 5.1 73.3 RNA R5 Before start MVC 

70 B ESTA 5.3 R5 28-1-2009 

71 C 1.7 74.4 DNA R5 25-8-2010 

72 B 

73 B OTA 3.7 R5 22-2-2006 1.9 21.2 DNA R5 30-6-2010 

( continued on next page ) 
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Table 2 ( continued ) 

Patient HIV-1 subtype Trofile ® GTT 

Type pVL Result Date pVL FPR V3-seq Result Date 

74 B ESTA 6.0 R5 18-6-2010 2.5 13.2 RNA R5 22-4-2013 

75 B 1.7 82.4 DNA R5 17-9-2014 

76 B 1.7 47.8 DNA R5 2-7-2014 

77 B 1.8 22.1 DNA R5 20-1-2013 

78 B 1.7 71.7 DNA R5 22-11-2010 

79 B OTA 3.6 R5 24-1-2008 3.6 59.0 RNA R5 Before start MVC 

80 A1 

81 B 1.7 31.0 DNA R5 27-7-2011 

82 Unknown 

83 B ESTA 5.9 R5 12-1-2004 

84 B ESTA 5.9 R5 13-5-2009 4.5 36.5 RNA R5 20-7-2010 

85 B OTA 5.3 R5 25-10-2007 5.3 42.5 RNA R5 16-3-2016 

86 B OTA 4.3 DM 10-4-2008 

87 B 5.2 91.6 RNA R5 2-4-2012 

88 B ESTA 4.7 R5 3-5-2010 

89 B ESTA 3.9 R5 9-4-2003 3.9 48.9 RNA R5 Before start MVC 

90 C ESTA 6.0 R5 9-12-2009 

91 B 1.7 33.9 DNA R5 2-2-2010 

92 Unknown 1.7 9.9 DNA R5 10-9-2014 

93 C 1.7 82.4 DNA R5 7-9-2015 

94 B 2.0 24.6 DNA R5 2-6-2014 

95 B OTA 3.0 DM 18-4-2008 3.0 1.1 RNA X4 Before start MVC 

96 B OTA 3.7 R5 19-5-2008 3.7 27.2 RNA R5 Before start MVC 

97 B OTA 4.1 R5 15-10-2008 5.0 73.6 RNA R5 Before start MVC 

98 Unknown 

99 B 1.7 96.2 DNA R5 26-5-2010 

100 B ESTA 3.0 R5 6-9-2010 3.0 87.8 RNA R5 6-9-2010 

101 CRF03_AB 1.7 23.6 DNA R5 6-12-2010 

102 C OTA 5.9 R5 20-12-2007 5.9 78.8 RNA R5 20-12-2007 

103 B ESTA 5.8 N/R 10-5-2010 1.7 6.8 DNA X4 31-8-2015 

104 CRF02_AG 5.0 93.9 RNA R5 10-4-2013 

105 B ESTA 4.1 DM 19-9-2008 4.1 4.8 RNA X4 Before start MVC 

106 B 1.7 34.9 DNA R5 17-6-2013 

107 C 1.7 38.8 DNA R5 23-8-2010 

108 B 1.7 DNA R5 30-11-2015 

109 B ESTA 3.3 R5 14-7-2010 5.0 84.7 RNA R5 Before start MVC 

110 C 4.9 96.2 RNA R5 22-4-2009 

111 B OTA 6.5 R5 Before start 

MVC 

5.4 47.0 RNA R5 Before start MVC 

D/M, dual/mixed-tropic; ESTA, enhanced sensitivity Trofile ® assay; FPR, false-positive rate; GTT, genotypic tropism test; MVC, maraviroc; ND, not determined; N/R, no result; 

OTA, original Trofile ® assay; pVL, plasma viral load (log 10 HIV-RNA copies/mL) of the sample on which the tropism assay was performed; R5, CCR5-tropic; V3-seq, third 

hypervariable loop (V3) sequence; X4, CXCR4-tropic. 

Table 3 

(a) Immunological response a . (b) Immunological response in patients who used MVC for ≥5 years a . 

�CD4 + T-cells (cells/mm 

2 ) Indication for MVC 

Virological failure ( n = 47) Immunological intensification ( n = 16) Intolerance/interaction ( n = 48) 

+ 1 year 212 (158–266) n = 38 P = 0.0 0 0 67 (23–112) n = 14 P = 0.006 64 (3–124) n = 45 P = 0.039 

+ 2 years 246 (181–312) n = 35 P = 0.0 0 0 93 (37–149) n = 10 P = 0.004 47 (–12 to 106) n = 34 P = 0.117 

+ 3 years 249 (173–327) n = 33 P = 0.0 0 0 94 (35–153) n = 9 P = 0.006 93 (10–176) n = 30 P = 0.029 

+ 4 years 241 (150–333) n = 30 P = 0.0 0 0 115 (5–225) n = 7 P = 0.043 81 (–21 to 183) n = 22 P = 0.115 

+ 5 years 304 (195–414) n = 27 P = 0.0 0 0 122 (–54 to 298) n = 7 P = 0.140 100 (–10 to 209) n = 14 P = 0.072 

+ 6 years 339 (205–475) n = 22 P = 0.0 0 0 191 (–10 to 391) n = 5 P = 0.057 45 (–85 to 176) n = 9 P = 0.447 

+ 7 years 430 (272–589) n = 18 P = 0.0 0 0 199 (–3 to 400) n = 4 P = 0.052 18 (–223 to 259) n = 5 P = 0.848 

+ 8 years 436 (184–687) n = 12 P = 0.003 210 (–864 to 1283) n = 2 P = 0.244 n = 1 

+ 9 years 492 (213–772) n = 10 P = 0.003 n = 1 n = 0 

�CD4 + T-cells (cells/mm 

2 ) Indication for MVC 

Virological failure ( n = 27) Immunological intensification ( n = 7) Intolerance/interaction ( n = 14) 

+ 1 year 220 (150–289) P = 0.0 0 0 83 (5–160) P = 0.040 123 (–20 to 265) P = 0.086 

+ 2 years 257 (176–338) P = 0.0 0 0 101 (16–188) P = 0.028 100 (–16 to 217) P = 0.085 

+ 3 years 288 (204–372) P = 0.0 0 0 109 (35–182) P = 0.011 152 (14–291) P = 0.034 

+ 4 years 262 (170–354) P = 0.0 0 0 114 (5–225) P = 0.044 137 (4–271) P = 0.045 

+ 5 years 304 (195–414) P = 0.0 0 0 122 (–54 to 298) P = 0.140 100 (–10 to 209) P = 0.072 

a Mean difference (95% confidence interval). 
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Fig. 1. Immunological response of patients receiving a maraviroc (MVC)-containing 

regimen: mean CD4 + T-cell change (95% CI) (A) for the total population and (B) for 

the different indications for MVC. Number of patients (and 95% CI) are shown in 

Table 3 . CI, confidence interval. 
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Fig. 2. Virological response in patients with detectable baseline viral load (VL) 

( ≥50 copies/mL HIV-RNA) on a maraviroc (MVC)-containing regimen, showing the 

percentage of patients in whom the VL dropped to an undetectable range ( < 50 

copies/mL HIV-RNA). 

Table 4 

Laboratory abnormalities in patients receiving maraviroc-containing antiretroviral 

therapy. 

Grading Patients with renal 

function impairment [ n (%)] 

Patients with elevated 

liver enzymes [ n (%)] 

None 97 (87.4) 86 (77.5) 

Grade 1 3 (2.7) 19 (17.1) 

Grade 2 4 (3.6) 3 (2.7) 

Grade 3 4 (3.6) 1 (0.9) 

Grade 4 3 (2.7) 2 (1.8) 
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s  
atient had a GSS of 0.5. Owing to lack of information on geno-

ype, no GSS was calculated in three patients. 

Regarding these 14 patients with therapy failure, the clinician

eported therapy adherence problems in 6 patients (42.9%). Three

atients (21.4%) developed resistance to one or more drugs in their

ackground regimen or started MVC with a low GSS. Two patients

14.3%) stopped MVC after reaching a VL < 200 copies/mL but be-

ore reaching an undetectable VL; the first patient stopped after

 months owing to treatment simplification and the other patient

ied after 9 months. 

Overall, three patients (2.7%) experienced treatment failure de-

pite an optimal background therapy with a good GSS and without

bvious adherence issues. In one of these three patients, a switch

o CXCR4 tropism was detected. 

.4. Tolerability 

Overall, MVC was well tolerated. Nine patients (8.1%) discontin-

ed MVC owing to intolerance to the regimen. The median dura-

ion before discontinuation was 22 months (IQR 1–62 months). The

eason for discontinuation was clinical adverse events for eight pa-

ients (7.2%). In only one patient (0.9%), the physician stopped MVC

ecause of mild renal function impairment, possibly due to MVC. 

The most frequently occurring clinical adverse events were gas-

rointestinal complaints (nausea, diarrhoea) (5.4%), fatigue (4.5%),

izziness (3.6%), muscle strain (2.7%) and sleeping disturbance

2.7%). 

Three patients (2.7%) developed a ‘grade 3’ or ‘grade 4’ labora-

ory abnormality due to ALT increase ( Table 4 ). However, two of

he three patients had an acute HCV infection and in the other pa-

ient the ALT was promptly normalised without discontinuation of

VC. Of the 25 patients with an ALT increase, 16 (64.0%) used ri-

onavir in their backbone regimen. Furthermore, raltegravir, teno-

ovir and darunavir were used by 10/25 (40.0%), 10/25 (40.0%) and

/25 (36.0%) patients, respectively, as their backbone regimen. 

Clinically relevant SCr increases were seen in 14 patients

12.6%) with a MVC-containing regimen. None the less, in almost

ll patients with a substantial SCr increase during MVC use, other

ossible causes were found for the renal impairment (hypotension,

ephrotoxic co-medication, etc.). No other reason was identified

or the increase in SCr in only one patient (0.9%) with a grade

 impairment. The backbone regimen of the 14 patients with a

linically relevant SCr increase contained ritonavir in 10 patients

71.4%), darunavir in 8 patients (57.1%), raltegravir in 7 patients

50.0%) and tenofovir in 4 patients (28.6%). 

During the 487 person-years of follow-up, six patients (5.4%)

eveloped a myocardial infarction (MI) or stroke. Furthermore,

ight patients (7.2%) were diagnosed with a non-AIDS malig-

ancy during follow-up. This corresponds to an unadjusted rate

event/100 patient-years) of 1.2 for MI/stroke and 1.6 for malignan-

ies. 

Eighteen patients (16.2%) died during follow-up, giving an un-

djusted death rate of 3.7. An AIDS-related cause of death was ob-

erved in five patients (4.5%) (1.0/100 patient-years). Three months
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fter starting MVC, three patients (2.7%) died due to a pre-existing

ymphoma, complications during stem cell therapy for myelodys-

lastic syndrome and complication due to a larynx carcinoma. No

ausal relationship was found between the cause of death and a

VC-containing regimen. 

. Discussion 

A heavily pre-treated cohort of HIV-1 patients who started MVC

or different reasons was followed over a period of 10 years. The

edian time of MVC use was 39 months (IQR 21–82 months).

ean CD4 + T-cell counts continued to increase up to 9 years fol-

owing initiation of MVC. 

The increase in CD4 + T-cell count from baseline was 122

ells/mm 

2 after 1 year, 141 cells/mm 

2 after 2 years, 205 cells/mm 

2 

fter 5 years and 481 cells/mm 

2 after 9 years of follow-up, which

s in line with other published studies. However, none of these

tudies had a follow-up of more than 5 years. In the MERIT study,

he median CD4 + T-cell count increased by 158, 188 and 245

ells/mm 

2 after 48 weeks ( n = 235), 96 weeks ( n = 209) and 240

eeks ( n = 166), respectively. However, the included patients in

hat study were all cART-naïve [15] . In 26 patients starting MVC,

altegravir and etravirine because of treatment failure, the median

D4 + T-cell count increase was 244 cells/mm 

2 after 204 weeks

22] . A Brazilian cohort ( n = 109) demonstrated a median CD4 + 

-cell count increase of 174 cells/mm 

2 after 96 weeks [23] . In a

etrospective Dutch cohort, the median CD4 + T-cell count for 12

onths ( n = 28), 24 months ( n = 20) and 36 months ( n = 16) was

99, 291 and 235 cells/mm 

2 , respectively [7] . 

In patients who started MVC as immunological intensification

reatment, a significant increase in CD4 + T-cell count was only

een in the first 4 years. However, the lack of significant increase

fter 4 years can partially be explained by the small number of

atients in this subgroup. 

Treatment intensification with MVC in patients with a subopti-

al immunological response was described in three articles with

 1-year follow-up. The mean increase in CD4 + T-cell count was in

he same range as the current study. These publications showed a

edian CD4 + T-cell count increase of 145 cells/mm 

2 ( n = 12), 22

ells/mm 

2 ( n = 41) and 34 cells/mm 

2 ( n = 45) [7,16,24] . However,

o significant increase was found compared with the control group

n these studies. 

The majority of patients who started MVC with a detectable VL

 ≥50 copies/mL HIV-RNA) suppressed their VL to an undetectable

ange. Only a limited number of patients experienced virological

ailure or never reached an undetectable VL. Several reasons for

hese treatment failures were found, including treatment adher-

nce issues and the use of suboptimal background therapy ow-

ng to extensive resistance. Only three patients (2.7%) experienced

reatment failure despite an optimal background therapy with a

ood GSS and without obvious adherence issues. 

The virological response in studies involving patients with a

VC-containing regimen in clinical practice is in line with the

urrent study. The Virological Efficacy of Maraviroc in Antiretro-

iral Naïve patients (VEMAN) study showed a 100% VL suppres-

ion to an undetectable range ( < 50 copies/mL HIV-RNA) within 1

ear ( n = 26) [25] . In another retrospective cohort study, the per-

entage of virological suppression was 82% ( n = 28), 85% ( n = 20)

nd 68% ( n = 16) after 12, 24 and 36 months, respectively. How-

ver, it must be noted that these are the percentages of patients

ith an undetectable VL at a certain time point rather than time

ntil the first undetectable VL [7] . Of 66 patients in an Italian co-

ort, 94% reached an undetectable VL after 16 weeks [26] . Another

tudy demonstrated that 93% ( n = 26) of patients starting MVC, ral-

egravir and etravirine had an undetectable VL after 1 year [22] .

astly, a German cohort and a Spanish cohort showed viral sup-
ression in 78% ( n = 44) in 6 months and 96% ( n = 46) in 1 year

27,28] . 

Academic research published on virological failure of MVC-

ontaining ART in long-term follow-up is currently insufficient.

nly one study has been published which demonstrated that 4%

f patients ( n = 26) experienced virological failure (two consecu-

ive measurements of VL > 50 copies/mL HIV-RNA) in 205 weeks

f follow-up [11] . 

MVC treatment was well tolerated in the current study. Only 9

atients (8.1%) discontinued MVC owing to intolerance of the regi-

en. The observed severe renal and liver function impairments as

ell as the causes of death appeared not to be directly related to

reatment with MVC. The HIV Monitoring Report from the Dutch

IV Monitoring Foundation published data on the national inci-

ence of cardiovascular diseases and malignancies in HIV patients

29] . Corrected for the percentage of men in this cohort, the ad-

usted rate (event/100 patient-years) for cardiovascular events was

.95. The adjusted rate for non-AIDS-defining malignancies was

.58. The incidence of cardiovascular events and malignancies in

he current study population is higher compared with the national

eport. However, this may be due to the fact that this is a heavily

re-treated cohort of HIV patients. 

The MERIT [15] and MOTIVATE [11] studies followed patients

or 5 years and showed similar findings regarding tolerability.

owever, the population was ART-naïve, thus the comparison with

hese studies is not ideal. 

The fact that this study contains a heterogeneous, heavily pre-

reated group of patients should be considered as a strength as it

akes the results more relevant to clinical practice. Second, this

tudy involves a long follow-up compared with previous clinical

ohort studies and has a relatively large sample size. Thus, con-

erns regarding long-term safety can be answered with more cer-

ainty. 

However, the study does have some limitations. As a result of

he retrospective design of this study, there could be unmeasured

onfounders. Furthermore, for more precise determination of the

fficacy, a control group should be included. Moreover, due to the

eavily pre-treated study population, the efficacy of MVC in this

tudy may be underestimated. Lastly, a larger sample size would

esult in more statistical power, especially with regard to the dif-

erent indications for MVC. 

In summary, this study shows that MVC use in heterogeneous,

eavily pre-treated patients with HIV infection was generally well

olerated, even in the patient who used MVC for 10 years. In ad-

ition, the MVC-containing regimen resulted in an acceptable viro-

ogical response and significant immunological recovery. 
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