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Objective: The aim of this study was to evaluate the efficacy of maraviroc along with
darunavir/ritonavir, all once daily, for the treatment of antiretroviral-naive HIV-1
infected individuals.

Design: MODERN was a multicentre, double-blind, noninferiority, phase III study in
HIV-1 infected, antiretroviral-naive adults with plasma HIV-1 RNA at least 1000 copies/
ml and no evidence of reduced susceptibility to study drugs.

Methods: At screening, participants were randomized 1 : 1 to undergo either genotypic
or phenotypic tropism testing. Participants with CCR5-tropic HIV-1 were randomized
1 : 1 to receive maraviroc 150 mg once daily or tenofovir/emtricitabine once daily each
with darunavir/ritonavir once daily for 96 weeks. The primary endpoint was the
proportion of participants with HIV-1 RNA less than 50 copies/ml (Food and Drug
Administration snapshot algorithm) at Week 48. A substudy evaluated bone mineral
density, body fat distribution and serum bone turnover markers.

Results: Seven hundred and ninety-seven participants were dosed (maraviroc, n¼396;
tenofovir/emtricitabine, n¼401). The Data Monitoring Committee recommended early
study termination due to inferior efficacy in the maraviroc group. At Week 48, the
proportion of participants with HIV-1 RNA less than 50 copies/ml was 77.3% for
maraviroc and 86.8% for tenofovir/emtricitabine [difference of �9.54% (95% confi-
dence interval:�14.83 to�4.24)]. More maraviroc participants discontinued for lack of
efficacy, which was not associated with non-R5 tropism or resistance. Discontinuations
for adverse events, Category C events, Grade 3/4 adverse events and laboratory
abnormalities were similar between groups.

Conclusion: A once-daily nucleos(t)ide-sparing two-drug regimen of maraviroc and
darunavir/ritonavir was inferior to a three-drug regimen of tenofovir/emtricitabine and
darunavir/ritonavir in antiretroviral-naive adults.
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Introduction
Treatment guidelines for management of treatment-naive
HIV-1 infected individuals recommend the use of two
nucleos(t)ide reverse transcriptase inhibitors (NRTIs),
along with one other drug from a different antiretroviral
drug class [1–5]. In spite of the proven efficacy of NRTI-
containing regimens, mitochondrial toxicity can com-
plicate the use of this class of drugs [6]. There are several
drug-specific adverse effects, including bone and renal
toxicity for tenofovir (TDF), hypersensitivity reactions
with abacavir and bone marrow suppression with
zidovudine [7,8].

NRTI-sparing regimens, including efavirenz or ralte-
gravir (RAL) combined with a protease inhibitor for
treatment-naive HIV-1 infected individuals, have
demonstrated that inclusion of NRTIs was not a
prerequisite for a successful antiretroviral regimen.
However, virologic failure and/or development of
resistance mutations were more common in the
NRTI-sparing groups in several studies [9–12].

Maraviroc (MVC) is efficacious and well tolerated with a
clearly defined and favourable long-term safety profile at
doses of 300 mg (or equivalent) twice daily [13–15].
MVC concentrations are increased by potent cytochrome
P450 3A4 inhibitors, including darunavir/ritonavir
(DRV/r) and most other boosted protease inhibitors;
therefore, the dose is reduced to 150 mg when used in the
presence of these drugs [16].

Three pilot studies evaluating MVC along with a
ritonavir-boosted protease inhibitor in a two-drug
NRTI-sparing regimen over 48 weeks have been
completed [17–19]. Study A4001078 evaluated MVC
150 mg once daily (q.d.) along with atazanavir/ritonavir
(ATV/r) versus TDF/emtricitabine (FTC) along with
ATV/r, with 74.6 and 83.6% of individuals achieving
HIV-1 RNA less than 50 copies/ml, respectively. No
resistance to any component of either treatment regimen
or change in tropism was observed in virus from these
individuals. However, more individuals in the MVC
group discontinued due to adverse events, mostly
hyperbilirubinemia secondary to ATV/r, which may
have adversely affected the study outcome. The
imbalance between the groups may have been due to
the drug–drug interaction between TDF and ATV that
reduces ATV exposure with fewer cases of hyperbilir-
ubinemia resulting in discontinuation in this group [17].
The VEMAN study evaluated MVC 150 mg q.d. along
with lopinavir/ritonavir (LPV/r) or TDF/FTC along
with LPV/r in 50 individuals, with 100% of MVC-
treated individuals achieving HIV-1 RNA less than
50 copies/ml [19]. In the MIDAS study, 92% of
treatment-naive individuals who received MVC
150 mg q.d. along with DRV/r had HIV-1 RNA less
than 50 copies/ml [18].
The MODERN (Maraviroc Once-daily with Darunavir
Enhanced by Ritonavir in a New regimen) study was
designed to assess the safety and efficacy of MVC 150 mg
q.d. versus TDF/FTC, both in combination with DRV/r,
in antiretroviral-naive individuals infected with R5 HIV-1.
Materials and methods

Study design and population
MODERN was designed as a 96-week, multicentre,
international, double-blind, randomized, comparative,
phase III study conducted between September 2011 and
January 2014 at 138 sites in Europe, the United States,
Australia and Canada (ClinicalTrials.gov identifier:
NCT01345630). It was conducted in compliance with
the Declaration of Helsinki and International Conference
on Harmonisation Good Clinical Practice Guidelines,
and all local regulatory requirements were followed. The
protocol was approved by institutional review boards/
independent ethics committees at all sites and written
informed consent was provided by all individuals. An
independent Data Monitoring Committee (DMC)
reviewed the data every 4 months with a formal interim
analysis for futility when nearly 50% of individuals
reached Week 24. Participants were antiretroviral-naive,
HIV-1 infected, at least 18 years old and had HIV-1 RNA
at least 1000 copies/ml, R5 HIV-1, no evidence of active
hepatitis B virus infection and no resistance to DRV/r,
TDF or FTC. As the study was also designed to
prospectively compare genotypic versus phenotypic
tropism testing results to predict response to MVC, all
participants were initially randomized to undergo tropism
testing with one of two assays [a genotypic tropism test
(GTT) (Siemens Healthcare Diagnostics, Berkeley,
California, USA), or the phenotypic Trofile test from
Monogram Biosciences (South San Francisco, California,
USA)]. Participants identified as having R5 virus were
then randomized to treatment with MVC (150 mg q.d.)
or TDF/FTC (300/200 mg q.d.) both combined with
DRV/r (800/100 mg q.d.) and stratified by screening
plasma HIV-1 RNA (� or <100 000 copies/ml).

Study evaluations
After screening and baseline, visits were scheduled at
Weeks 4, 8, 12, 16, 20, 24, 36, 48, 60, 72, 84, 96 and
follow-up (28 days after last study dose). The primary
endpoint was the proportion (%) of participants with
HIV-1 RNA less than 50 copies/ml at Week 48 using the
Food and Drug Administration (FDA) snapshot algor-
ithm. Secondary endpoints included changes in CD4þ

and CD8þ T-cell counts (assessed by flow cytometry) at
Week 48.

Participants were discontinued if they experienced
treatment failure, defined as meeting any of the five
criteria as follows (and confirmed at a subsequent visit):
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(1) D
ecrease in HIV-1 RNA less than 1 log10 from baseline

after Week 4 unless HIV-1 RNAwas less than 50 copies/

ml;
(2) H
IV-1 RNA more than 1 log10 above the nadir value

after Week 4;
(3) H
IV-1 RNA at least 50 copies/ml at any time after

Week 24;
(4) H
IV-1 RNA at least 50 copies/ml after suppression to

less than 50 copies/ml on two consecutive visits;
(5) D
ecrease in HIV-1 RNA 2 log10 or less from baseline on

or after Week 12 unless HIV-1 RNA was less than

400 copies/ml.
Samples for genotypic and phenotypic resistance analyses
(PhenoSense GT and Entry assays; Monogram Bio-
sciences, and TRUGENE HIV-1 Genotyping Kit;
Siemens Healthcare Diagnostics) and for determination
of tropism (Trofile or GTT) were tested/assessed at the
initial failure event (or at a later time point before
discontinuation if the sample was unsuitable), provided
that HIV-1 RNA was at least 400 copies/ml. Resistance
was assessed using the proprietary algorithms for
PhenoSense GT and TRUGENE HIV-1. For MVC,
findings of maximal percentage inhibition less than 95%
or half-maximal inhibitory concentration (IC50) fold
change at least 3 relative to the comparator virus were
considered to be evidence of resistance.

Safety was assessed at all visits and included monitoring of
all adverse events and serious adverse events (SAEs), vital
signs and laboratory parameters. Adverse events were
assessed and graded according to Division of AIDS
(DAIDS) toxicity scales.

No pharmacokinetic analysis was originally planned;
therefore, no specific pharmacokinetic samples or dose
times were collected. A post hoc pharmacokinetic analysis
to determine MVC, DRV and ritonavir concentrations
using available archived plasma samples was performed for
313 of 396 participants in the MVC group (for details, see
Supplemental Digital Content 1, http://links.lww.com/
QAD/A886) in order to determine whether lower than
expected drug concentrations may have potentially
contributed to the reduced efficacy of the MVC arm.

In a subset of participants who were willing to participate
at the centres able to perform the evaluations, dual-
energy X-ray absorptiometry (DEXA) scans of the
lumbar spine, femoral neck and hip were completed at
baseline and weeks 48 and 96 or early termination to
measure percentage changes in bone mineral density
(BMD) and body fat distribution. The serum bone
turnover markers osteocalcin and C-terminal telopeptide
of type 1 collagen (CTx) were also evaluated.

Health outcomes research assessments were also con-
ducted (see Supplementary Digital Content 1, http://
links.lww.com/QAD/A886).
Statistical analysis
A sample size of 804 participants was targeted to yield a
power of at least 90% assuming that the true response rates
(HIV-1 RNA<50 copies/ml) in the two groups at Week
48 were at least 75% and the one-sided Type I error rate
(alpha) was 2.5%. The difference in proportions between
the MVC and the TDF/FTC groups and the two-sided
95% confidence bound were determined using the
stratum-adjusted Mantel–Haenszel method. If the lower
bound of the two-sided 95% confidence interval (CI) was
greater than or equal to �10%, MVC would be
considered noninferior to TDF/FTC. Efficacy analyses
were performed on the full analysis set (FAS) population,
which included all participants who received at least one
dose of study drug. Continuous measurements were
summarized using descriptive statistics and discrete data
by counts. All secondary endpoints involving efficacy and
safety were analysed using the FAS population as treated.

The futility decision boundary for the week 24 DMC
interim analysis was based on the Haybittle–Peto
stopping criterion, which tested for inferiority of
MVC versus TDF/FTC at the one-sided significance
level of 0.0005. The sponsor, investigators and partici-
pants were blinded to the results of these analyses.

For the DEXA substudy, a sample size of 109 individuals
per group was chosen to detect a 2% difference in
outcomes between the groups with the assumptions of
standard deviation being 4.5% and power being 90% at
the two-sided 5% level of significance. However, by the
time the targeted sample size for the primary endpoint
was reached (804), the number of participants enrolled in
the substudy fell short of the predetermined target.
Results

Study participants and demographic data
A total of 1423 participants were screened, 813 were
randomized and 797 received at least one dose of study
medication (FAS population) (Fig. 1). Demographic and
baseline characteristics were similar between the groups.
At baseline, the mean age was 37.1 years, 8.8% were
female and 18.7% were classified as nonwhite. One
hundred and forty-six participants (18.3%) had HIV-1
RNA at least 100 000 copies/ml, while 83 (10.4%) had a
CD4þ cell count of less than 200 cells/ml. The mean
(standard deviation) CD4þ cell count at baseline was 382
(173) cells/ml in the MVC group and 380 (171) cells/ml
in the TDF/FTC group.

Data Monitoring Committee review
During a routine DMC review shortly before the Week
48 time point, the DMC requested a review of the
efficacy data after the last participant’s Week 48 visit.
Following the DMC’s preliminary review of the 48-week
primary clinical efficacy data, the study was terminated on

http://links.lww.com/QAD/A886
http://links.lww.com/QAD/A886
http://links.lww.com/QAD/A886
http://links.lww.com/QAD/A886
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361 discontinued from the study
254 due to study termination
22 AEsa

4 protocol violations
48 insufficient clinical responseb

17 lost to follow up
9 no longer willing to participate
1 withdrawn due to pregnancy
6 other
3 other

1423 screened 610 ineligible
220 had non-CCR5 tropism virus
264 had non-reportable tropism results
68 were excluded based on other exclusion criteria
1 AE
7 lost to follow up
20 no longer willing to participate
27 other reasons
3 protocol deviations

16 not treated with study drug
2 did not meet entrance criteria
2 AEs
3 lost to follow up
4 no longer willing to participate
4 other reasons
1 protocol deviation

813 randomized

797 received ≥1 dose
of study drug

396 received
MVC + DRV/r 

401 received
TDF/FTC + DRV/r 

35 participants
completed week 96

42 participants
completed week 96

359 discontinued from the study
285 due to study termination
23 AEsa

1 protocol violation
11 insufficient clinical responseb

16 lost to follow up
12 no longer willing to participate
2 withdrawn due to pregnancy
1 medication error without associated AE
8 other

Fig. 1. Disposition of individuals at Week 48. AE, adverse event; MVC, maraviroc; DRV/r, darunavir/ritonavir; TDF/FTC, tenofovir/
emtricitabine. aOf the AEs leading to discontinuation, 12 in each group were considered to be related to study treatment.
bInvestigator decision to discontinue for lack of efficacy; individual did not necessarily meet criteria for protocol-defined virologic
failure.
the basis of inferiority of the MVC group. As a
consequence of this early termination, only a small
number of participants completed Week 96; thus,
virologic response and other endpoints at Week 96 were
not evaluated.

Virologic and immunologic response
The proportion of participants with HIV-1 RNA less
than 50 copies/ml (FDA snapshot) at Week 48 was lower
in the MVC group than in the TDF/FTC group: 77.3
versus 86.8%, respectively (Fig. 2a). The point estimate of
the difference in proportion between treatment with
MVC þ DRV/r and TDF/FTC þ DRV/r was �9.54%
(95% CI �14.83 to �4.24). As the lower bound of the
two-sided 95% CI was lower than the preset noninfer-
iority margin of �10%, the MVC group was inferior to
the TDF/FTC group. When stratified by baseline HIV-1
RNA or CD4þ cell count, the proportion of responders
at Week 48 was also lower for MVC in all subgroups
(Fig. 2b). The 2 CCR5-tropism assays (GTT or Trofile)
were similar in predicting a positive treatment outcome
(<50 copies/ml at Week 48) for both MVC (80.7% for
genotype versus 74.4% for Trofile) and TDF/FTC
(86.5% for genotype versus 87.0% for Trofile). Detailed
results of the comparisons between the two tropism assays
will be published separately. The mean (standard
deviation) change from baseline in CD4þ cell count at
Week 48 in the MVC group was 195 (176) cells/ml
compared with 194 (176) cells/ml in the TDF/
FTC group.
Resistance
Through Week 48, there were 47 participants with
confirmed protocol-defined treatment failure (PDTF)
(MVC: n¼ 37, 9.3%; TDF/FTC: n¼ 10, 2.5%). An
additional three patients in each treatment group met
PDTF criteria during the study but had HIV-1 RNA
less than 400 copies/ml and showed a response at
Week 48.

Only 17 MVC-treated and three TDF/FTC-treated
participants had sufficient plasma HIV-1 RNA
(>400 copies/ml) for virologic analysis at or after
PDTF. Non-R5 virus was not observed at or after failure
in either group when the tropism assay used for
randomization was also used to assess tropism at failure.
Maraviroc susceptibility was retained in MVC-treated
participants who experienced PDTF with R5-tropic
virus. No resistance to DRV/r or TDF/FTC was
recorded.

In general, participants in the study failed with low HIV-1
RNA concentrations. Nineteen of 37 MVC-treated
participants (51%) and seven of 10 TDF-treated
participants (70%) had plasma HIV-1 RNA 200 copies/
ml or less at the time of treatment failure (Table 1). In
addition, there were 18 MVC-treated participants and
seven TDF-treated participants with plasma HIV-1 RNA
determined after the failure confirmation visit; in six
and three instances, respectively, the participants had
attained full virologic suppression while still receiving
study treatment.
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Fig. 2. Virologic response at Week 48 by treatment group. (a) Percentage of individuals with HIV-1 RNA <50 copies/ml with
standard errors over time (FAS population) using the FDA snapshot algorithm of MSDF. Plasma HIV-1 RNA concentration was
determined using a real-time HIV-1 RNA assay with a lower limit of quantification of 40 copies/ml (Abbott Molecular Inc, Des
Plaines, Illinois, USA). (b) Proportion of individuals with HIV-1 RNA <50 copies/ml at Week 48 stratified by baseline HIV-1 RNA
(< or �100 000 copies/ml) and CD4þ cell count (<200, 200–350, >350–500 and >500 cells/ml), and percentage difference
between treatment groups (95% CI) at Week 48 stratified by screening viral load (< or �100 000 copies/ml) and baseline CD4þ

(<200, 200–350, >350–500 and >500 cells/ml) (FAS population) using the FDA snapshot algorithm of MSDF. CI, confidence
interval; DRV/r, darunavir/ritonavir; FAS, full analysis set; FDA, Food and Drug Administration; MVC, maraviroc; MSDF, missing,
switch or discontinuation¼ failure; TDF/FTC, tenofovir/emtricitabine.
Pharmacokinetics
Median Week 4 plasma concentrations of MVC, DRVor
ritonavir were similar between participants with HIV-1
RNA less than 50 copies/ml at Week 48 and those with
HIV-1 RNA at least 50 copies/ml at Week 48 (for
detailed results, tables and figures, see Supplemental
Digital Content 2, http://links.lww.com/QAD/A886).
Safety
Maraviroc along with DRV/r was well tolerated with
a safety profile comparable to that of TDF/FTC and
DRV/r. Over 48 weeks, rates of SAEs and nonserious
adverse events; discontinuations due to adverse
events; and rates of DAIDS Grade 3 or 4 AEs and
laboratory abnormalities were similar between the

http://links.lww.com/QAD/A886
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Table 1. HIV-1 RNA values in individuals who discontinued with
confirmed protocol-defined treatment failurea.

n (%) MVCþDRV/r TDF/FTCþDRV/r

Total N 37 10
50–100 10 (27%) 3 (30%)
101–200 9 (24%) 4 (40%)
201–300 1 (3%) 0
301–400 4 (11%) 1 (10%)
>400 13 (35%) 2 (20%)

DRV/r, darunavir/ritonavir; MVC, maraviroc; PDTF, protocol-defined
treatment failure; TDF/FTC, tenofovir/emtricitabine.
aHIV-1 RNA values at the time of initial protocol-defined treatment
failure are shown.
groups (Table 2). There were no deaths and no new
safety findings.

Forty-one (10.4%) and 40 (10.0%) participants in the
MVC and TDF/FTC groups, respectively, experienced
at least one treatment-emergent SAE up to 30 days after
last dose of study drug. Five SAEs were considered to be
related to study drugs. Four occurred in the MVC group
and two were considered possibly related to MVC by the
investigator: one of abnormal weight loss and one of
Hodgkin’s lymphoma. The other two treatment-related
SAEs in the MVC group were rash considered to be
related to DRV/r and concomitant treatment with
ritonavir and carbamazepine that led to drug toxicity.
The event in the TDF/FTC group was abnormal weight
loss, considered to be related to TDF/FTC by the
investigator.
Table 2. Summary of treatment-emergent adverse events (all causalities)
laboratory abnormalities.

MVCþDRV/r (N

Individuals with AEs 360 (90
Individuals with SAEs 41 (10
Individuals with Grade 3 or 4 AEs 65 (16
Individuals discontinued due to AEs 24 (6.
Most common AEs (>5% of individuals in any group)

Diarrhoea 89 (22
Nasopharyngitis 48 (12
Upper respiratory tract infection 40 (10
Rash 38 (9.
Nausea 34 (8.
Fatigue 27 (6.
Cough 27 (6.
Bronchitis 25 (6.
Gastroenteritis 23 (5.
Depression 28 (7.
Insomnia 15 (3.

Grade 3/4 laboratory abnormalities
Alanine aminotransferase 9 (2.
Total bilirubin 3 (0.
Creatine kinase 18 (4.
LDL cholesterol 50 (12

AE, adverse event; DRV/r, darunavir/ritonavir; LDL, low-density lipoprotei
emtricitabine.
Seven Category C events were reported, four of Kaposi
sarcoma in the MVC group and one case each of Kaposi
sarcoma, cytomegalovirus infection and cerebral tox-
oplasmosis in the TDF/FTC group. Nine participants in
the MVC group experienced malignancies, compared
with three in the TDF/FTC group (Table 3).

There was no evidence of an increased risk of
hepatotoxicity in the MVC group. Nine participants in
the MVC group and six in the TDF/FTC group met the
liver chemistry stopping criteria. Most of these patients
had hepatitis virus coinfection (three with hepatitis A
coinfection, two with hepatitis B coinfection and six with
hepatitis C coinfection). Three participants in the MVC
group and seven in the TDF/FTC group were
discontinued due to treatment-emergent renal impair-
ment (decreased glomerular filtration rate, increased
serum creatinine or renal failure). Creatinine clearance
rates (Cockcroft–Gault equation) decreased by �3.4 ml/
min for MVC-treated participants compared with
�9.3 ml/min for TDF/FTC-treated participants
(P¼ 0.0001). Assessment of glomerular filtration rate
(estimated using the chronic kidney disease epidemio-
logical collaboration equation) showed minimal changes
in both groups. Metabolic and cardiovascular events were
reported infrequently, with only one myocardial infarc-
tion in the TDF/FTC group, and ratios of high-density to
low-density lipoprotein cholesterol and total cholesterol
to high-density lipoprotein cholesterol remained
unchanged in both groups. The results of the substudy
on BMD, bone turnover and body fat distribution, as well
as the health outcomes assessments are presented in
, adverse events occurring in >5% of individuals and Grade 3/4

¼396) N (%) TDF/FTCþDRV/r (N¼401) N (%)

.9) 365 (91.0)

.4) 40 (10.0)

.4) 71 (17.7)
1) 24 (6.0)

.5) 135 (33.7)

.1) 55 (13.7)

.1) 45 (11.2)
6) 30 (7.5)
6) 45 (11.2)
8) 46 (11.5)
8) 30 (7.5)
3) 24 (6.0)
8) 17 (4.2)
1) 30 (7.5)
8) 25 (6.2)

3) 6 (1.5)
8) 1 (0.3)
5) 22 (5.5)
.6) 24 (6.0)

n; MVC, maraviroc; SAE, serious adverse event; TDF/FTC, tenofovir/
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Table 3. Individuals with treatment-emergent malignancies.

Study drug Individual Malignancy Baseline CD4þ cell count Study day SAE Related

MVC 1 Kaposi sarcoma 138 196 N N
2 Basal cell carcinoma 513 139 N N
3 Hodgkin’s lymphomaa 343 226 Y Yb

4 Kaposi sarcoma 339 137 N N
5 Castleman’s diseasea,c 185 33 Y N
6 Hodgkin’s lymphoma 402 65 Y N
7 Lung adenocarcinoma 259 365 Y N
8 Lymphomaa 250 315 Y N
9 Kaposi sarcoma 485 237 Y N

TDF/FTC 10 Kaposi sarcomaa 179 334 Y N
11 Testicular cancer 345 59 Y N
12 Basal cell carcinoma 338 465 N N

MVC, maraviroc; SAE, serious adverse event; TDF/FTC, tenofovir/emtricitabine.
aDiscontinued from study drug due to event.
bInvestigator causality initially attributed to study drug but later considered to be likely due to immune reconstitution inflammatory syndrome and
Epstein–Barr virus infection.
cInitially reported as Kaposi sarcoma and plasmablastic lymphoma but later grouped under the term Castleman’s disease.
Supplementary Digital Content 2, http://links.lww.
com/QAD/A886.
Discussion

There is an increasing interest in identifying simplified
antiretroviral treatment regimens to improve adherence,
preserve future treatment options and reduce toxicities.
Nucleos(t)ide-sparing, two-drug regimens containing
ritonavir-boosted protease inhibitors have not been
extensively studied in antiretroviral-naive individuals.
Such regimens may offer opportunities to avoid NRTI
toxicities [6–8] and maintain future options.

MODERN demonstrated that a two-drug NRTI-
sparing regimen of MVC 150 mg q.d. along with
DRV/r was inferior to TDF/FTC along with DRV/r,
with treatment failure the main reason for the difference
in response rate. Importantly, there was no development
of resistance to any of the drugs. This outcome is
consistent with results from the A4001078 pilot study of
MVC along with ATV/r [17].

Similarly, in the RADAR study, RAL along with DRV/r
resulted in 62.5% of participants achieving HIV-1 RNA
less than 50 copies/ml, compared with 83.7% for TDF/
FTC and DRV/r, while the ACTG A5262 study reported
high rates of virologic failure and emergence of resistance
mutations in participants receiving RAL and DRV/r
[12,20]. In contrast, the SPARTAN study found that
74.6% of participants receiving ATV/RAL achieved
HIV-1 RNA less than 50 copies/ml, compared with
63.3% of those receiving ATV/r and TDF/FTC.
However, more participants receiving ATV/RAL devel-
oped resistance mutations [11]. In the PROGRESS study,
virologic response rates between the RAL along with
LPV/r and TDF/FTC along with LPV/r groups were
similar, but three participants with treatment failure in the
RAL group developed integrase and/or LPV mutations,
while only one individual in the TDF/FTC group
developed M184V [10]. More recently, data from the
NEAT study demonstrated noninferiority at 96 weeks
(using a composite primary endpoint) in participants
receiving RAL along with DRV/r compared with those
receiving TDF/FTC along with DRV/r, but more
treatment failures and resistance mutations were seen in
the RAL group [21].

The reasons for the consistent trend towards lower
virologic response rates and/or higher risk for resistance
mutations in these two-drug NRTI-sparing studies are
not clear. In some, but not all studies, poorer response
rates were observed in participants with HIV-1 RNA
more than 100 000 copies/ml [22]. Another possible
explanation is that three drugs are needed to ensure a
good virologic response in some patients and, therefore,
two-drug antiretroviral regimens are inferior to regimens
containing three drugs. Altogether, data from these
studies indicate that, in general, two-drug nucleos(t)ide-
sparing, ritonavir-boosted protease inhibitor containing
dual-therapy regimens are inferior in treatment-
naive participants.

Interestingly, the majority of individuals in both
treatment arms in MODERN failed treatment with
low plasma HIV-1 RNA and several went on to achieve
HIV-1 RNA less than 50 copies/ml at a later time point.
In addition, there was no emergence of resistance-
associated mutations observed. This may be a reflection of
the stringent PDTF criteria specified in the protocol,
leading to patients with minor blips in HIV-1 RNA being
classified as virologic failures. The greater number of
individuals with PDTF in the MVC arm compared with
TDF may in part be explained by a slightly slower
response rate with MVC, which in turn might reflect the
activation of viral production by latent reservoirs of
infected cells by MVC as well as redistribution of virus
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into plasma, both of which have been reported [23–27].
Furthermore, a higher incidence of low level viremia or
blips has been described in patients receiving protease
inhibitor-based HAART or boosted protease inhibitor
monotherapy (including DRV) as part of simplification
strategies [28,29]. In most studies, viral load blips have not
been found to be predictive of an increased risk of
persistent viral load rebound [29]. Therefore, the
detection of low-level plasma HIV-1 RNA may not be
an appropriate marker of virologic failure with MVC,
especially in combination with a protease inhibitor.

Modified Medication Adherence Self-Report Inventory
questionnaire data collected in this study indicated that
response rates were lower in participants with less than 95%
self-reported adherence; however, this was seen in both
groups. The absence of prospective pharmacokinetic
analysis is a limitation of the study; however, data from the
post hoc pharmacokinetic analysis revealed no evidence
that lower concentrations accounted for a lack of efficacy.
Maraviroc is a sensitive substrate for both cytochrome P450
3A and P-glycoprotein and coadministration with DRV/r,
or most other boosted protease inhibitors, increases MVC
plasma concentrations [16,30]. The average MVC plasma
concentration (Cavg) associated with near maximal efficacy
in exposure–response analyses from the MOTIVATE and
MERIT studies was at least 100 and �75 ng/ml,
respectively, while the in-vivo IC50 has been estimated
at 7.65 ng/ml [31–34]. In a pharmacokinetic substudy of
Study A4001078, the median (range) MVC Cavg was 180
(80.3–305) ng/ml (n¼ 15), thus exceeding the in-vivo
IC50 by more than 10-fold [17]. A pharmacokinetic study
conducted by Mora-Peris et al. [34] showed that the
geometric mean (95% CI) for MVC Cavg was 125 (99–
158) ng/ml (n¼ 11). Irrespective of efficacy outcome, the
pharmacokinetics in MODERN was consistent with the
24-h dose interval in the pharmacokinetic study
previously mentioned.

The two groups had a similar safety profile, and there
were no new reported safety findings for MVC. There
was a numerical imbalance in malignancies with nine
participants reporting malignancies in the MVC group
compared with three in the TDF/FTC group. The only
malignancy that was considered possibly related to study
drug by the investigator was an event of Hodgkin’s disease
reported in the MVC group, but on further follow-up this
was considered likely related to other reasons (Epstein–
Barr virus infection and immune reconstitution inflam-
matory syndrome). This imbalance has not been observed
in other MVC studies, including during 5-year follow-up
in the MOTIVATE and MERIT studies [13–15].
Altogether, the number of events was small and the
types of malignancies reported were typical of an HIV-
infected population [35,36].

Osteoporosis and decrease in BMD of the hip and spine
are more common in HIV-infected adults than uninfected
controls [37]. Declines in BMD of 2–6% have been seen
in the 2 years following antiretroviral therapy initiation
[38]. As was also observed in this study, low baseline
CD4þ count has consistently been associated with a
higher degree of bone loss in HIV-1 infected participants
[38,39]. Tenofovir therapy is associated with an additional
1–2% bone loss in HIV-1 infected adults compared with
other antiretrovirals [40,41]. In this study, TDF/FTC was
associated with a greater hip BMD decrease and more
bone turnover than MVC over 48 weeks, supporting the
concept that TDF-sparing antiretroviral therapy may help
to decrease bone loss. This result is also consistent with
data from the ACTG 5303 study that also compared
BMD changes in HIV-1 infected participants initiating
MVC 150 mg q.d. versus TDF, each combined with
DRV/r and FTC, which demonstrated that MVC-treated
participants had a smaller decrease in BMD at both the hip
and spine [42]. The mechanism(s) of TDF’s negative
effect on BMD is likely due to increased bone turnover, as
evidenced by the increased CTx values observed in this
study, and may also be affected by changes in calcium-
phosphate homeostasis with net loss of phosphate,
resulting in bone demineralization [43,44].

In conclusion, at Week 48, MVC dosed q.d. with DRV/r
in a two-drug regimen showed inferior efficacy to TDF/
FTC and DRV/r in antiretroviral-naive participants,
resulting in premature discontinuation of the study
following an independent DMC recommendation. No
evidence of resistance to any of the study drugs was
observed. The data confirmed the safety and tolerability
of MVC over 48 weeks with no new safety
concerns identified.
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