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Objectives: Maximizing ART efficiency is of growing interest. This study assessed the efficacy, safety,
pharmacokinetics and economics of a darunavir dose-reduction strategy.

Methods: This was a multicentre, randomized, open-label clinical trial in HIV-infected patients with plasma HIV-1
RNA ,50 copies/mL while receiving triple ART including 800 mg of darunavir once daily. Participants were rando-
mized to continue 800 mg of darunavir (DRV800) or to 600 mg of darunavir (DRV600), both once daily. Treatment
failure was defined as two consecutive HIV-1 RNA determinations .50 copies/mL or discontinuation of
study treatment by week 48. The study was registered at https://www.clinicaltrialsregister.eu (trial number
2011-006272-39).

Results: Fifty participants were allocated to each arm. The mean (SD) CD4+ T cell count at baseline was 562
(303) cells/mm3 and HIV-1 RNA had been ,50 copies/mL for a median (IQR) of 106.9 (43.4–227.9) weeks before
enrolment. At week 48 no treatment failure had occurred in 45/50 (90%) DRV600 patients and in 47/50 (94%)
DRV800 patients (difference –4%; 95% CI lower limit, –12.9%). When only patients with virological data
were considered, that endpoint was met by 45/48 (94%) in the DRV600 arm and 47/49 (96%) in the DRV800
arm (difference –2.2%; 95% CI lower limit, –9.6%). Darunavir exposure was similar in the two arms. The average
reduction in annual cost per successfully treated DRV600-arm patient was US$7273.

Conclusions: The efficacy of a darunavir daily dose of 600 mg seemed to be similar to the efficacy of the standard
800 mg dose in virologically suppressed HIV-infected patients on triple ART. This strategy can potentially
translate to substantial savings in the cost of care of HIV-infected patients.
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Introduction
Improvement in ART has resulted in a dramatic decline in mor-
bidity and mortality associated with HIV infection as well as
decreased HIV transmission.1 – 7 Based on these benefits, current
guidelines for the management of HIV-infected patients pro-
mote expanded eligibility for ART, and the number of patients
in treatment is expected to increase substantially in the near

future.8 – 10 However, meeting this goal in the present economy,
in which economic restrictions affect many settings, remains
challenging.

Since ART constitutes the largest portion of the total cost of
care for HIV-infected patients, reducing the cost of antiretroviral
drugs is essential to meet the current demand. In this regard,
antiviral dose optimization is a possible strategy for maximizing
ART efficiency.11 – 13
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Selection of the dose of a drug for clinical development is based
on Phase 2 dose-finding studies, in which a limited number of
patients are included to evaluate the efficacy and safety of several
doses. This process may be straightforward when a low dose is
ineffective or a high dose is toxic. However, in many cases these
Phase 2 trials reveal similar efficacy and safety over the dose
range evaluated. The tendency, therefore, is to select the highest
tolerated dose of the drug in an attempt to ensure efficacy, even
though eventual drug interactions or adherence issues might
lower drug concentrations. Nonetheless, choosing higher doses
may result in higher costs and poor safety, and post-approval
dose reductions have been necessary for some antiretroviral
drugs.14–16

Since its approval for treating HIV infection, darunavir has been
used to treat millions worldwide and is one of the preferred drugs
for both initial and salvage therapy in HIV.8,9 The pivotal POWER 1
and 2 clinical trials evaluated the efficacy and safety of four differ-
ent doses of darunavir in combination with ritonavir (600 or
400 mg twice daily, and 800 or 400 mg once daily) in a population
of treatment-experienced HIV-infected patients.17 – 19 Because
the highest virological response was obtained with 600/100 mg
of darunavir/ritonavir twice daily, this dose was selected for fur-
ther development, and it was subsequently approved for
treatment-experienced patients. Additionally, in a subgroup ana-
lysis including only patients with no darunavir resistance muta-
tions at baseline, the responses to the 800 mg once-daily and
the 600 mg twice-daily doses were similar,20 leading to approval
of the single daily 800 mg dose for initial ART. However, that ana-
lysis showed that the once-daily darunavir doses of 400 and
800 mg had comparable efficacy in patients with viral strains
that were fully susceptible to darunavir,21 suggesting the possibil-
ity of using lower doses of darunavir in such patients.

Based on the above, we therefore aimed to test the hypothesis
that reducing the daily darunavir dose from 800 to 600 mg in viro-
logically suppressed HIV-positive patients with no darunavir
resistance-associated mutations would maintain virological effi-
cacy while reducing the cost associated with ART.

Methods

Design and participants
The DRV600 study was a 48 week randomized, open-label, multicentre
clinical trial comparing the efficacy, safety, pharmacokinetics and eco-
nomic impact of a reduced single daily dose of darunavir (600 mg) with
the standard dose (800 mg) in virologically suppressed HIV-infected
patients. The primary endpoint was the percentage of patients without
treatment failure by week 48. Treatment failure was defined as the pres-
ence of two consecutive HIV-1 RNA determinations .50 copies/mL (viro-
logical failure) or discontinuation of randomized treatment for any reason.
Secondary endpoints included the percentage of patients with adverse
events or laboratory abnormalities leading to treatment discontinuation,
changes in CD4+ Tcell count or in darunavir concentrations in plasma dur-
ing the follow-up, and the absolute annual cost per patient with virological
response at 48 weeks.

Participants were recruited at four hospitals in the urban area of
Barcelona, Spain. Eligible participants were HIV-infected patients aged
≥18 years who were on ART including 800/100 mg of darunavir/ritonavir
once daily plus two NRTIs and who had had HIV-1 RNA levels in plasma
,50 copies/mL for at least 12 weeks. Participants were excluded in the
case of documented darunavir resistance-associated mutations or a
prior history of virological failure while receiving PIs.

The trial was performed according to the stipulations of the Declaration
of Helsinki and the protocol was approved by the participating hospitals’
ethics committees and by Spanish national regulatory authorities. Each
participant gave written informed consent before screening for eligibility
criteria. The study was registered at https://www.clinicaltrialsregister.eu
(trial number 2011-006272-39).

Interventions, data collection and procedures
After enrolment, patients were randomized (1:1) either to continue on the
standard darunavir dose given as a single 800 mg pill (DRV800 group) or to
a reduced darunavir daily dose of 600 mg also given as a single pill
(DRV600 group). All patients continued receiving 100 mg of ritonavir
once daily and the same NRTIs. Patients were encouraged to take their
medication in the morning with food. The random allocation to a treat-
ment group was carried out centrally based on a list of pseudorandom
numbers drawn from a uniform distribution.

Demographic and clinical variables were recorded for each participant
at enrolment. Clinical visits were scheduled at week 0 (baseline), week 4,
week 12 and every 12 weeks thereafter until week 48. The visits included a
physical examination, adverse event reporting and a blood work-up with
biochemistry, plasma HIV-1 RNA, CD4+ T cell count and darunavir concen-
trations in plasma. Patients with confirmed viral rebound during the study
were tested for HIV drug resistance mutations (genotypic tests) at the
time of rebound.

Additionally, a full pharmacokinetic profile was obtained for 15
patients in each study arm who voluntarily agreed to participate in this
pharmacokinetic substudy. These participants came to their usual HIV
clinic in the morning for collection of serial blood samples to determine
darunavir concentrations in plasma immediately before and 1, 2, 4, 6, 8,
10, 12 and 24 h after a witnessed dose of darunavir/ritonavir.

All laboratory determinations were performed locally with the excep-
tion of darunavir concentrations in plasma, which were determined by
HPLC at a reference laboratory (IrsiCaixa, Barcelona, Spain) subscribed to
an external quality assurance programme.22

Information on direct costs (cost of antiretroviral drugs and costs
derived from treatment failure) was derived in US dollars from wholesale
acquisition price lists.9 Costs associated with virological failure included
the costs of unscheduled determinations of HIV-1 RNA, genotypic resist-
ance tests and antiretroviral drugs used for salvage ART. For patients
who were lost to follow-up it was assumed that the patient had continued
on ART with 800/100 mg of darunavir/ritonavir once daily plus tenofovir/
emtricitabine up to week 48.

Statistical analysis
Data comparisons were carried out using SPSS version 15.0 statistical
software (Chicago, IL, USA). Continuous variables were described as
mean (SD) if they were normally distributed and as median (IQR) if not.
Categorical data were summarized as absolute numbers and percentages.
Comparisons were performed using parametric or non-parametric tests,
as appropriate, for continuous variables, and the x2 test or Fisher’s exact
test for percentages.

The primary efficacy endpoint (absence of treatment failure) was evalu-
ated considering all the patients randomized (ITT analysis); in addition we
performed an analysis including only those patients with observed virological
data at week 48, with missing values disregarded (observed data analysis).

For the pharmacokinetic substudy, individual darunavir pharmacoki-
netic parameters [Cmax, AUC0 – 24 and concentration at the end of the dos-
ing interval (Ctrough)] were calculated using non-compartmental analysis
(Winnonlin version 2.0; Pharsight, Mountain View, CA, USA) and the two
study arms were compared with the geometric mean ratio and its 90% CI.

For the cost–efficacy analysis, the incremental cost per successfully
treated patient was calculated considering 1 year costs and 48 week effi-
cacy for each treatment option (ITT).
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Assuming 90% efficacy at week 48, we estimated that a sample size of
50 patients per treatment group would provide 80% power to detect a
minimum difference of 15% in efficacy between the DRV600 and
DRV800 arms, with an a risk of 0.05.

Results

Baseline characteristics and patient distribution

Figure 1 shows a flow chart of participants in the trial. Out of
105 patients screened from May 2012 to February 2013, a total
of 100 fulfilled eligibility criteria and were enrolled and randomized
(50 to each arm). Baseline characteristics were balanced between
treatments (Table 1). Participants were mostly males, and 20%
were coinfected by hepatitis C virus. Thirty-one patients (31%)
were receiving their first antiretroviral regimen. The NRTI backbones
were mainly tenofovir/emtricitabine (66%) or abacavir/lamivudine
(33%). None of the patients had prior evidence of NRTI resistance-
associated mutations. Viral load had been ,50 copies/mL for a
median of 106.9 (43.4–227.9) weeks before enrolment, and the
mean CD4+ T cell count was 562 (303) cells/mm3 at baseline.
The mean nadir CD4+ T cell count was 199 (146) cells/mm3.
Fifty-eight (58%) and 19 (19%) patients had a nadir CD4+ T cell
count ,200 and ,50 cells/mm3, respectively.

Efficacy

The primary efficacy endpoint at week 48 (absence of treatment
failure) was achieved by 45/50 (90%) and by 47/50 (94%) patients
in the DRV600 and DRV800 groups, respectively (difference –4%;
95% CI lower limit, –12.9%). When only patients with virological
data available at week 48 were considered (observed data ana-
lysis), 45/48 (94%) patients in the DRV600 arm and 47/49
(96%) patients in the DRV800 arm had HIV-1 RNA levels
,50 copies/mL at the 48 week visit (difference –2.2%; 95% CI
lower limit, –9.6%). The mean CD4+ T cell count remained stable
over time in both arms.

Reasons for treatment discontinuation included virological fail-
ure, in three patients in the DRV600 arm and two patients in the

DRV800 arm (Figure 1). Additionally, one participant in each arm
was lost to follow-up and one cirrhotic patient in the DRV600 arm
died during the trial.

Inconsistent adherence to ART was considered the main deter-
minant of virological failure in four out of the five patients with
HIV-1 RNA elevations. Valid genotypic results at the time of failure
could be obtained for three patients, and showed no emergence
of resistance mutations in either the protease or the reverse tran-
scriptase gene. After additional adherence counselling, viral load
returned to ,50 copies/mL in four out of the five patients without
changing the drugs in the antiretroviral regimen but increasing the
dose of darunavir to 800 mg once daily in the three patients allo-
cated to the DRV600 arm. The remaining patient did not continue
to attend clinical appointments and he was lost to follow-up.

Safety

Overall, treatment was well tolerated and no patient discontinued
ART due to drug-related adverse events. The most common grade
≥2 drug-related adverse events were gastrointestinal distur-
bances (four patients in the DRV600 arm and six patients in the
DRV800 arm) and lipid elevations (five patients in the DRV800
arm and no patients in the DRV600 arm). One patient with liver
cirrhosis developed spontaneous Escherichia coli bacteraemia
during the trial and died of refractory septic shock.

Darunavir pharmacokinetics

The mean darunavir Ctrough during the trial was 2.19 (1.50) mg/L in
the DRV600 arm and 2.21 (1.44) mg/L in the DRV800 arm
(P¼0.942). The mean remained �40-fold higher than the protein
binding-adjusted effective concentration (EC50) for WT viral
strains (0.055 mg/L)23 in both arms.

Full darunavir plasma concentration–time curves were deter-
mined in 15 patients in each arm. Although patients in the
DRV600 arm showed a slight decrease in darunavir exposure
(Figure 2), no significant difference was observed in any of the pri-
mary pharmacokinetic parameters of darunavir between the two
dosing regimens (Table 2).

105 patients screened

100 patients randomized

5 excluded 

4 failed to meet eligibility criteria

1 withdrew consent

50 patients dosed

600 mg of darunavir daily

50 patients dosed

800 mg of darunavir daily

45 patients attended

week-48 visit 

47 patients attended

week-48 visit

5 protocol-defined treatment failures 

3 confirmed HIV-1 RNA elevations

1 lost to follow-up 

1 died 

3 protocol-defined treatment failures

2 HIV-1 RNA elevations

1 lost to follow-up

Figure 1. Flow chart showing patient distribution from screening until the week 48 endpoint of the DRV600 trial.
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Cost–efficacy analysis

The average absolute annual cost per patient with virological
response at 48 weeks was US$40 311 in the DRV800 arm and
US$33038 in the DRV600 arm, resulting in a reduction in annual
cost of US$7273 per patient successfully treated. Based on these
results, one annual free ART with once-daily darunavir/ritonavir at
800/100 mg plus tenofovir/emtricitabine would potentially be
obtained by switching six patients successfully to once-daily dar-
unavir at 600 mg.

Discussion
We found that the 48 week efficacy of a less costly, reduced once-
daily dose of darunavir (600 mg) was similar to the efficacy of the
standard dose of 800 mg when combined with ritonavir plus two
NRTIs in our virologically suppressed HIV-infected patients with no
darunavir resistance-associated mutations or prior failure on PIs.

Our efficacy results were consistent with previous clinical
trials on darunavir-based ART for HIV-infected patients with no
PI resistance mutations,24,25 even though the clinical scenario in
our trial was different. In addition, consistent with the high gen-
etic barrier of darunavir,24 – 26 no resistance-associated mutations
emerged after HIV-1 RNA elevations, and the viral load returned
to undetectable levels in four out of five patients with virological
failure, even though their antiretroviral drug regimens remained
unchanged.

Although dose optimization of antiretroviral drugs is not a new
concept, a growing interest in this strategy has developed in recent
years. The optimum dose of antiretrovirals is not usually defined as
the lowest effective dose during product development, and after a

Table 1. Baseline demographic and clinical variables by treatment group

600 mg of darunavir
once daily (n¼50)

800 mg of darunavir
once daily (n¼50) Total (n¼100)

Men, n (%) 40 (80) 41 (82) 81 (81)

Age (years), mean (SD) 45.6 (10.8) 44.8 (10.5) 45.2 (10.6)

HIV transmission route, n (%)
homosexual/bisexual contact 21 (42) 25 (50) 46 (46)
heterosexual contact 18 (36) 16 (32) 34 (34)
intravenous drug user 8 (16) 6 (12) 14 (14)
other/unknown 3 (6) 3 (6) 6 (6)

Time since HIV infection diagnosis (years), mean (SD) 8.2 (6.8) 8.9 (7.2) 8.5 (7.0)

Hepatitis C virus coinfection, n (%) 13 (26) 7 (14) 20 (20)

No. of prior ART regimens, median (IQR) 1.5 (0–3.75) 1 (0–2.75) 1 (0–3)

NRTI backbone, n (%)
TDF/FTC 32 (64) 34 (68) 66 (66)
ABC/3TC 17 (34) 16 (32) 33 (33)

CD4+ T cell count (cells/mm3), mean (SD) 523 (331) 591 (272) 562 (303)

Nadir CD4+ T cell count (cells/mm3), mean (SD) 197 (157) 201 (136) 199 (146)
,50 cells/mm3, n (%) 11 (22) 8 (16) 19 (19)

Time since last HIV-1 RNA ,50 copies/mL (weeks), median (IQR) 106.9 (40.3–252.4) 107.4 (55.4–219.0) 106.9 (43.4–227.9)

BMI (kg/m2), mean (SD) 25.3 (3.4) 24.9 (3.5) 25.1 (3.5)

TDF/FTC, tenofovir/emtricitabine; ABC/3TC, abacavir/lamivudine.
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Figure 2. Geometric mean darunavir plasma concentration profiles of
darunavir administered at a once-daily dose of either 600 mg (DRV600
arm, n¼15) or 800 mg (DRV800 arm, n¼15), with 100 mg of ritonavir.
Error bars represent the 90% CI.
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drug is launched emerging safety issues sometimes necessitate
dose-reduction strategies, as has occurred with zidovudine,
didanosine and stavudine.14–16 Similarly, recently published results
from the ENCORE1 clinical trial have shown non-inferior efficacy
and fewer drug-related adverse events with a low daily dose of efa-
virenz (400 mg versus the standard one of 600 mg) in naive
HIV-infected patients.27 Not surprisingly, the reduction of the dar-
unavir dose in our trial had little overall effect on safety. We attri-
bute this finding to the fact that we limited enrolment to patients
who were on a stable darunavir-containing ART; thus, all enrolled
patients were already tolerating the drug. In addition, we note
that Phase 2 dose-range studies were unable to demonstrate a
clear relationship between dose or exposure and toxicity.17–19,21

Dose optimization aims not only at improving ART tolerability
but also at reducing the associated costs.11 – 13 Universal access
to treatment for people living with HIV will expand ART to mil-
lions6,10 and, since the costs will be huge, there are concerns
about adequate funding for expanded access programmes.28

Strategies that lower the cost of antiretroviral treatment are
essential if we are to meet the demand. We estimated that a dar-
unavir dose reduction to 600 mg once daily would yield annual
savings of over US$7000 per patient successfully treated. This
amount can be meaningful if it allows more patients to be treated
within a fixed budget.

Inadequate drug exposure is among the potential concerns
when evaluating lower doses of antiretrovirals. The darunavir
pharmacokinetic parameters we observed were consistent
with those previously reported.21,29 Although there was a slight
decline in darunavir concentration in the DRV600 group, the
reduction was not statistically significant despite the 25% reduc-
tion in darunavir dose. Such a lack of correspondence is consist-
ent with darunavir’s non-linear dose–concentration curve found
in dose-range studies, where less than dose-proportional
changes in the darunavir AUC or Ctrough were observed.21 In add-
ition, darunavir concentrations in plasma in both arms of
our study remained far above the protein-binding adjusted
EC50 for WT strains of HIV-1.23,26 These results, together with
efficacy, may raise the question of whether further decreases
in darunavir dosing (e.g. to 400 mg once daily) might be feasible
in this setting; however, it should be kept in mind that further
decreases in darunavir exposure might put patients at risk of
treatment failure. Moreover, Calcagno et al.30 reported lower
darunavir penetration in CSF when darunavir was given once
instead of twice daily, which may increase the probability of
suboptimal drug exposure in the CNS if the darunavir dose is
further reduced. Therefore, darunavir concentrations and viral
replication in anatomical reservoirs such as the CNS should be
carefully assessed before implementing this strategy in clinical
practice.

Our study provides unique information as it is the first com-
parative evaluation of the feasibility of a darunavir dose reduction.
In addition, the evaluation of the average and incremental costs
per individual with virological response at 48 weeks provides
important information for both HIV healthcare providers
and payers. This study thus facilitates the integration of infor-
mation about ART costs and outcomes that is crucial for selecting
the most efficient antiretroviral regimens. However, we acknow-
ledge that, due to the relatively low number of participants, the
present trial was not adequately powered to detect differences
in efficacy below 15%, which might be clinically relevant.
Therefore, our results should be confirmed in a fully powered non-
inferiority trial. Another issue is that only patients with HIV-1 RNA
,50 copies/mL at baseline were recruited in this study, making it
impossible to predict the efficacy of the 600 mg of darunavir
once-daily dose as a first-line ART.

In conclusion, the 48 week efficacy of a reduced once-daily
darunavir dose of 600 mg seems to be similar to the efficacy of
the standard 800 mg dose in combination with ritonavir and
two NRTIs in virologically suppressed HIV-infected patients. This
dose reduction strategy, which lowers the costs associated with
ART, may have the potential to translate into substantial savings
in care provision for millions of people worldwide. These results
support further evaluation of this dose optimization strategy.

Acknowledgements
We thank the staff at the clinical sites where data were gathered for this
study and the patients who participated. We also wish to acknowledge
the contribution of Mary Ellen Kerans, who gave her advice on English
language in the final version of the manuscript.

Members of the DRV600 Study Group
Hospital Universitari Germans Trias i Pujol (Badalona, Spain): Bonaventura
Clotet, Josep Coll, Silvia Gel, Josep Maria Llibre, Cristina Miranda, José
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