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ABSTRACT

The DUALIS study demonstrated efficacy and safety of switching to dolutegravir plus ritonavir-
boosted darunavir (DRV/r) (2DR) as compared to standard-of-care-therapy with two nucleoside
reverse transcriptase inhibitors + DRV/r (3DR) in pretreated people living with HIV (PLWH), 48
weeks after switching. This DUALIS sub-study investigates health-related-quality-of-life (HrQoL)
in this study-population. The Hospital Anxiety and Depression Scale (HADS) and the Medical
Outcome Survey-HIV (MOS-HIV) were used assessing anxiety and depression symptoms,
respectively HrQoL. Data were collected at baseline, 4, 24, and 48 weeks after randomization.
Outcome scores were dichotomized and used as criteria in longitudinal models identifying
differential developments. Odds ratios (ORs) with 95% confidence intervals (Cls) were computed
as main measures of effects. ORs<1 indicate better results for HADS, and worse for MOS-HIV
scores in the 2DR compared to 3DR group. In total, 263 subjects were randomized and treated
(2DR n=131, 3DR n=132; median age 48 years). Significant different progressions could only be
found for HADS-Depression scores (OR=.87, 95% Cl: .78, .98, p=.02). While HADS-Depression
scores decreased in the 2DR group, they increased in 3DR group. This sub-study showed no
disadvantages regarding HrQoL in PLWH after switching to DTG+DRV/r. Considering lifelong
requirements for antiretroviral medication, close attention to HrQL is required.
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Introduction

Modern antiretroviral therapy (ART) has led to a nor-
malization of life expectancy in people living with
HIV (PLWH) (Hasse et al., 2011; Obel et al., 2011;
Smit et al., 2015). A combination therapy consisting of
two nucleoside reverse transcriptase inhibitors (NRTT)
plus one additional substance from three different
classes (protease inhibitor (PI), integrase strand transfer
inhibitor (INSTI), and non-nucleoside reverse tran-
scriptase inhibitor (NNRTI), is recommended by cur-
rent guidelines (EACS, 2020). As a result of a higher
barrier to resistance and improved viral efficacy in com-
bination with favorable safety and tolerability profiles,
dual therapy combinations have recently been licensed.

Dolutegravir (DTG), a second-generation INSTT, is a
potent anchor drug, providing a high barrier to resist-
ance compared to that of other INSTIs (Blanco et al.,
2015; Song et al., 2011; Stellbrink et al., 2013). In ran-
domized controlled trials examining treatment-naive
and treatment-experienced patients, DTG showed
high effectiveness as a once-daily formulation as well
as a good safety profile (Cahn et al., 2013; Clotet et al,,
2014; Hsu et al., 2018; Keeshin & Feinberg, 2015; Patel
et al., 2014; Raffi et al,, 2013; Song et al., 2011; Stellbrink
et al., 2013; Walmsley et al, 2013). Moreover, the
potency of DTG has enabled two drug combinations,
such as DTG with the NRTI lamivudine or DTG with
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the NNRTI rilpivirine (Aboud et al., 2019). A switch to
DTG + rilpivirine also emerged as a well-tolerated treat-
ment alternative in patients who had previously taken a
3- or 4-drug antiretroviral regimen and thus continued
to demonstrate low symptom burden and high treat-
ment satisfaction (Oglesby et al., 2019). Darunavir
(DRV), a non-peptidic HIV-1 PI, has also demonstrated
high effectiveness and a favorable safety profile (Clotet
et al., 2007). The combination of DTG/DRV might be
an effective and well-tolerated combination option,
mainly for treatment experienced PLWH.

In addition to demonstrating the effectiveness and
safety of a drug, the evaluation of health-related quality-
of-life (HrQoL) has become of major interest in clinical
trials. This investigation is of high importance, remarkably
because PLWH can be considered as a particularly vulner-
able group with regard to psychiatric comorbidities and
psycho-social challenges (Degroote et al., 2013; Elliott
et al., 2002; Lazarus et al., 2016; Ronel et al., 2018).

Several studies have reported neuropsychiatric adverse
events (AEs) under DTG, mainly in real-life settings
(Hoffmann et al.,, 2017; Hoffmann & Llibre, 2019; Khe-
loufi et al, 2015; Scheper et al., 2018; Van den Berk
et al., 2016). In their retrospective analysis of >1700
PLWH, Hoffmann et al. (2017) found that almost 6%
of antiretroviral regimens containing DTG were with-
drawn due to neuropsychiatric AEs (such as sleep dis-
turbances, poor concentration, dizziness, or depression)
within the first year after initiation. Todd et al. (2017)
reported side effects associated with the central nervous
system (such as low mood, anxiety, or sleep disturbances)
in 25% of naive and non-naive PLWH on DTG therapy,
with 8% discontinuing treatment. In addition, de Boer et
al (2016) found a comparatively high discontinuation
rate in PLWH, who started DTG (remarkably in combi-
nation with abacavir) due to psychiatric symptoms such
as anxiety, psychosis, and depression (4.3%) or insomnia
and sleep disturbances (5.6%). Cohort studies with >6400
patients from different countries observed discontinu-
ation rates due to neuropsychiatric AEs in approximately
3.5% of the participants receiving DTG. These rates were
higher than those observed in randomized clinical trials
and also higher than in studies investigating other INSTIs
e.g., Elvitegravir or raltegravir (Hoffmann & Llibre,
2019). However, in a study conducted as part of the
Swedish National Registry, side effects of 4186 PLWH,
captured by means of patient-reported outcomes were
investigated. It was shown that with increasing use of
DTG, side effects halved (Mellgren et al., 2020).

The open-label DUALIS phase III study assessed the
efficacy and safety of a switch to DTG plus ritonavir-
boosted darunavir (DRV/r) (2DR) as compared to stan-
dard-of-care therapy with two NRTI + DRV/r (3DR) in

virologically controlled and successfully pretreated
PLWH 48 weeks after switching. The aim of this sub-
study is to assess depression and anxiety symptoms as
well as HrQoL in PLWH after switching to DTG +
DRV/r within the DUALIS study. For this purpose the
German versions of the Hospital Anxiety and
Depression Scale (HADS) (Herrmann-Lingen et al,
2011; Petermann, 2015) and the Medical Outcome Sur-
vey-HIV (MOS-HIV) (Wu et al,, 1997; Zander et al,
1994) were used. Both internationally used question-
naires showed good psychometric properties (Hender-
son et al, 2010; Herrmann & Buss, 1994; Kemmler
et al., 2003; Wu et al., 1997; Zander et al., 1994).

Materials and methods

Data were collected prospectively from PLWH partici-
pating in the DUALIS study using standardized psycho-
metric instruments at 27 German outpatient HIV
treatment centers. Data collection took place between
June 2015 and June 2017. ART was made accessible by
specialized physicians at all study centers.

Sample

In total, 269 PLWH receiving ART with fully suppressed
HIV-RNA (< 50 cps/mL) for at least 24 weeks prior to ran-
domization were screened, and 263 patients were included
and randomized in the study (2DR=131, 3DR=132). All
subjects received at least one study dose. Patients younger
than 18 years, with known drug allergy, or with severe
renal illness, as well as patients with current AIDS-events
or documented major genotypic DRV- or integrase inhibi-
tor-related HIV resistance were excluded. Further, preg-
nant women or nursing mothers could also not be
enrolled. Subjects had to provide signed written informed
consent and needed all screening evaluations performed
prior to the first dose of the study drug.

Procedure

All subjects were identified by screening local patient
databases and by recruitment from participating study
centers. Subjects had been on a stable and fully suppres-
sive ART with DRV/r in combination with two NRTIs
for at least 28 days prior to randomization. The present
analysis is embedded in an extensive investigation of the
safety, tolerability, and efficacy of 2DR treatment (Spin-
ner et al., 2020). The trial was performed in accordance
with the Declaration of Helsinki and approved by the
institutional review board of the Technical University
of Munich, Munich, Germany (approval number: 162/



15); it was registered before the enrollment of the first
subject (Eudra-CT: 2015-000360-34).

After obtaining informed consent, the subjects were
randomized to one of the two study groups. Subjects
in the control arm continuously received darunavir
boosted with ritonavir (800 + 100 mg) in combination
with either tenofovir disoproxil/emtricitabine (245/
200 mg), tenofovir alafenamide/emtricitabine 10/
200 mg, or abacavir/lamivudine (600/300 mg) orally,
once daily for 48 weeks. Subjects in the study arm
received darunavir boosted with ritonavir (800 +
100 mg) in combination with dolutegravir (50 mg)
once daily for 48 weeks. All medications were provided
as tablets. In case of missed study doses, tablets had to be
taken up to 12 h after the scheduled time; otherwise, the
medication had to be continued with the subsequent
regularly scheduled dose. Adherence, assessed via “pill
count,” was predominantly considered as good.

Examinations took place at each study center at
four time points: before randomization (baseline;
BL) as well as after 4 weeks (W,), 24 weeks (W,,),
and 48 weeks (W,g). Depression and anxiety symp-
toms, as well as HrQoL outcomes, were collected
using the standardized questionnaires, HADS (Herr-
mann-Lingen et al, 2011; Petermann, 2015) and
MOS-HIV (Wu et al, 1997; Zander et al., 1994).
Further sociodemographic data (such as age, sex, or
years since diagnosis) were collected at baseline by
means of a detailed questionnaire.

Measurements

The HADS serves as an economical, reliable, and
sufficiently valid psychological screening tool originally
developed by Zigmond and Snaith (1983) to identify
anxiety and depression as important psychological symp-
tom complexes in non-psychiatric clinics (Bjelland et al.,
2002; Hinz & Bréhler, 2011). Both dimensions, anxiety
and depression, are captured by means of seven items
each; their symptom severity is rated on a four-point
Likert scale, with higher ratings indicating higher symp-
tom intensity. The MOS-HIV is a brief and widely used
instrument to measure HrQoL in PLWH (Henderson
et al,, 2010; Kemmler et al., 2003; Wu et al., 1997; Zander
et al,, 1994). The MOS-HIV consists of 30 items captur-
ing the following 11 dimensions: “general health percep-
tions,” “physical functioning,” “role functioning,” “bodily
pain,” “social functioning,” “mental health,” “energy,”
“health distress,” “cognitive functioning,” “quality-of-
life,” and “health transition.” Subscales are scored on a
0-100 scale, with higher scores indicating better per-
ceived health.

» <«
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Statistical analysis

Data were analyzed by means of “R” software (Ver-
sion 3.6.1) (R Core Team, 2019), with a p-value
<0.05 considered statistically significant. HADS and
MOS-HIV scores at BL, W,, W,,, and W,g were
dichotomized at the median and used as criteria in
the longitudinal models. First, differences between
sub-samples in the evaluated parameters (HADS and
MOS-HIV scores) at baseline and the later measure-
ments were tested using t-tests or Mann-Whitney U
tests for independent groups for continuous variables
and chi-squared tests or Fisher’s exact test for categ-
orical variables.

Stepwise logistic regression analyses with a combined
forward and backward selection strategy based on the
Akaike information criterion were completed to support
the identification of the most relevant predictors. The
final set of predictors for further modeling combined
the most successful variables from the stepwise
regressions with others that showed to be relevant in
the literature. Cross-sectional logistic models were com-
puted to detect differences between treatments at all fol-
low-up measurement times (W4, W,4, Wyg). For each
criterion a logistic regression with treatment as a
group factor and the other predictors was computed
using the function “glm.” Model fit was examined
graphically by Q-Q plots with local regression of the
residual.

Finally, as the main outcome of the study, longitudi-
nal modeling was applied to identify differential devel-
opments between arms for the criteria over time. In
addition to the set of predictors used in the previous
steps, a time variable representing the measurements
BL to Wys and a subject factor as a random effect
were included. Models were computed as generalized
mixed-effect models with case as a random effect,
using the “glmer” function in the R package “lme4”
(Bates et al., 2015) and for optimization of the esti-
mations the package “optimx” (Nash & Varadhan,
2011). Intercepts and slopes were allowed to vary at
different time points to control the variation from
different cases (Schober & Vetter, 2018). Odds ratios
(ORs) with 95% confidence intervals (CIs) were com-
puted as the main measure of effects (Charpentier,
2013; Liidecke, 2018a, 2018b). The primary result was
the interaction between measurement time and treat-
ment group adjusted for predictors. In regard to
HADS scores, an OR < 1 indicates a better result of
the study group (2DR) (i.e., Lower HADS scores) in
comparison to 3DR, and in regard to MOS-HIV scores
an OR > 1 indicates a better result of 2DR (i.e., Higher
MOS-HIV scores) compared to 3DR.
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Table 1. Baseline and sociodemographic characteristics.

Intervention arm (2DR) Control arm (3DR) p
Sample size, n 131 132
Age, (years), median (IQR) 47 (39-55) 48 (39.5-53) 0.98¢
Caucasian ethnicity, n, (%) 118 (90%) 118 (89%) 0.90°
Sex, (male), n, (%) 115 (88%) 122 (92%) 0.22¢
Documented HIV acquisition risk: MSM, n, (%) 90 (69%) 92 (70%) 0.43°
CDC stage C at time of HIV diagnosis, n (%) 31/121 (26%) 39/125 (31%) 0.40¢
CD4-nadir <200/uL, n (%) 50/107 (47%) 52/110 (47%) 1.00¢
Time since HIV diagnosis, years, median (IQR) 7.0 (4.4-12.0) 7.6 (3.8-12.8) 0.81¢
Number of inhabitants in the residential region 9P
< 25,000 25 24
25,000-150,000 20 25
150,000-500,000 14 15
>500,000 68 66
Current occupation: 47°
Full-time 75 82
Half-day 14 9
Half-day 5 8
Education 0 1
Housewife (or househusband) 2 4
Psychiatric/ psychotherapeutic treatment 25 30 52°
Baseline results of outcome criteria
HADS®
HADS-Anxiety 12.33 13.41 .10
HADS-Depression 13.36 13.53 .66
MOS-HIV®
MOS-HIV-“physical functioning” 86.94 8731 .90
MOS-HIV-“role functioning” 86.19 86.36 97
MOS-HIV- “mental health” 69.25 76.41 .00
MOS-HIV-“energy” 62.48 67.21 .06
MOS-HIV-"health distress” 78.79 82.71 11
MOS-HIV-“cognitive functioning” 77.67 78.90 .58
MOS-HIV-“general health perceptions” 62.13 65.72 15
MOS-HIV-“bodily pain” 80.30 83.33 33
MOS-HIV-“social functioning” 83.43 90.00 .02
MOS-HIV-“quality-of-life” 69.74 73.67 .08
MOS-HIV-"health transition” 38.99 39.77 75

MSM = men who have sex with men, CDC = Centers for Disease Control and Prevention Classification System for HIV Infection, HADS = Hospital Anxiety and

Depression Scale, MOS-HIV = Medical Outcome Survey-HIV.
“Independent t-test.
PChi-squared test.
‘Independent two group Mann-Whitney U-test.
dFisher’s exact test.

Results

Opverall, 263 randomized and treated subjects within the
DUALIS study were included in this sub-analysis, with a
median age of 48 years (IQR 39-54) and a median time
since HIV diagnosis of 7.2 years (IQR 4.3-12.3); 90.1%
of subjects were male (237/263). Sociodemographic data
and baseline characteristics are presented in Table 1. No
significant differences were found for sociodemographic
data between the two study arms at baseline.

Subjects within the 2DR study arm showed signifi-
cantly lower ratings, indicating higher impairment at
baseline regarding the subscales MOS-HIV-“mental
health” (p<0.00) and MOS-HIV-“social functioning”
(p=0.02). At W, the 2DR and 3DR group showed signifi-
cant differences with regard to the unadjusted HADS-
Anxiety (p=0.02) and MOS-HIV-“mental health” scores
(p=0.01), with the 2DR group showing higher anxiety
ratings but better perceived “mental health.” At the end
of study (Wyg), subjects in the 2DR group reported

significantly greater impairment with regard to the
MOS-HIV-“mental health” scale (p=0.04).

Stepwise regression analyses was conducted to select
suitable predictors for the outcome parameters. Most of
the potential predictors did not (or only very weakly)
correlate with the outcome parameters. Based on the
results of the stepwise regression analyses as well as con-
tent-related aspects, the following predictors were
selected for further logistic analyses: baseline of the cri-
terion, age, current occupation, psychiatric, psychother-
apeutic or psychopharmacological treatment, group,
sex, and population size of the area of residence.
(Table 2).

Cross-sectional logistic regression models with the
group (study arm vs. control arm) as factors and
the previously selected predictors as independent vari-
ables were used for the analysis of every outcome cri-
terion at each study visit. ORs for the group factor
were calculated to investigate the adjusted differences
between groups. The group factor did not reach
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Figure 1. Cross-sectional logistic regression models for the study arm vs. control arm.

Note: Figure 1 shows OR and 95% Cl for the effect of group (study vs control arm, i.e., OR<1 indicate better outcomes in the study group on the outcome criteria
HADS scales and worse on the outcomes criteria for MOS-HIV scales 4 weeks, 24 weeks, and 48 weeks after randomization. Cl: confidence intervals, HADS:
Hospital Anxiety and Depression Scale, MOS-HIV: Medical Outcome Survey-HIV, OR: Odds Ratios.

statistical significance in any of the models (see
Figure 1). These results indicate that none of the chosen
variables could predict significant differences between
groups with regard to the outcome criteria at any
study visit.

Linear mixed regression models were used to investi-
gate the interaction effects between measurement time
and study arm in relation to the outcome parameters,
which could be interpreted as a differential effect of the
two treatments over time. ORs (95% ClIs) of HADS-
Anxiety scores and all MOS-HIV scores did not show
significant differences: HADS-Anxiety (0.97; 0.85-
1.11), MOS-HIV-“physical functioning” (0.92; 0.79-
1.07), MOS-HIV-“role functioning” (0.93; 0.77-1.11),
MOS-HIV-“mental health” (1.00; 0.88-1.15), MOS-
HIV-“energy” (1.04; 0.90-1.20), MOS-HIV-“health dis-
tress” (0.85; 0.65-1.10), MOS-HIV-“cognitive function-
ing” (0.99; 0.85-1.16), MOS-HIV-“overall health” (1.07;
0.93-1.23), MOS-HIV-“pain” (1.00; 0.86-1.15), MOS-
HIV-“social functioning” (1.02; 0.87-1.18), MOS-HIV-
“quality-of-life” (0.97; 0.84-1.12), and MOS-HIV-
“health transition” (1.06, 0.93-1.20). Statistically signifi-
cant differences in progression over measurement points
between the intervention and control arm could only be
found for the HADS-Depression scores (b=-.030, p=.02,
OR=.87, 95% CI: .78, .98). The significant treatment
effect over time on HADS-Depression is shown in
Figures 2 and 3. While HADS-Depression scores in the
treatment group (2DR) continuously decreased from
baseline to the last follow-up in W, they increased in
the control group (3DR).

Discussion

This study aimed to compare DRV/r plus DTG (2DR)
and DRV/r combined with two NRTIs (3DR) in
PLWH with regard to anxiety and depression symptoms
as well as HrQoL over 48 weeks within the DUALIS
study. Predictors for logistic models were selected, con-
sidering content-related aspects as well as the results of
stepwise regression analyses. None of the cross-sectional
models demonstrated significant effects of the treatment
on the outcome parameters at any study visit. A signifi-
cant longitudinal effect was found for the HADS-
Depression score. While the HADS-Depression score
decreased in the 2DR group, an increase could be
observed in the 3DR group, although the subjects had
previously been treated with DRV-containing regimens.
Indications of increased mental distress after switch-
ing from 2 NRTI + DRV/r to DTG + DRV/r in the 2DR
group, as reported in previous cohort studies, could not
be confirmed by our data (Hoffmann et al, 2017;
Hoftmann & Llibre, 2019; Kheloufi et al., 2015; Scheper
et al., 2018; Van den Berk et al., 2016). Interestingly,
switching to DTG + DRV/r seemed to have a positive
impact on depression ratings within the sub-sample.
The following limitations need to be discussed. Since
this study was designed as an open-label study, subjects
were not blinded, and the study was not controlled for
expectation biases. Therefore, positive expectations or
negative emotions might have contributed to the differ-
ences in HADS-Depression scores (Rief et al., 2008). Fur-
thermore, the limited sample size should be addressed. It
should also be noted that the selection of subjects in
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Figure 2. Effects of study vs. control group over time.

Odds ratios (95% CI)

Note: Figure 2 shows OR and 95% Cl for the interaction between study arm and study visits for the outcome criteria (HADS and MOS-HIV scores) over the course
of the study visits. Cl: confidence intervals, HADS: Hospital Anxiety and Depression Scale, MOS-HIV: Medical Outcome Survey-HIV, OR: Odds Ratios.
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Figure 3. Marginal (adjusted) effects of treatment on HADS
scores over time.

Note: Figure 3 shows the predicted probabilities with 95% Cl of the HADS-
Depression for the study group (2DR) and control group (3DR) across the
study visits from baseline until the end of study (week 48). BL: baseline,
Cl: confidence intervals, HADS: Hospital Anxiety and Depression Scale.

randomized controlled trials is highly selective; this
population may differ significantly from the broader
population due to explicit exclusion criteria and recruit-
ment biases. Mainly men (90%) with a median age of 48
years were enrolled into the study, indicating that the
results are not representative of a more diverse popu-
lation of PLWH. However, Hoffmann et al. (2017)

reported higher termination rates due to neuropsychia-
tric AEs in patients receiving DTG-containing ART,
mainly among women and elderly subjects. It should
be considered that 20% of the total sample reported psy-
chiatric or psychotherapeutic treatment, and the total
sample showed increased HADS scores at baseline
(cutoffs: 0-7 [non-cases], 8-10 [doubtful cases], and
11-21 [cases]) (Hinz & Brihler, 2011). It is also critical
to note that subjects in the 2DR arm showed significantly
worse values regarding the MOS-HIV-“social function-
ing” and MOS-HIV-“mental health” scales at baseline;
this negative initial status could have had an influence
on the differences in the HADS-Depression scores.

In conclusion, the DUALIS study confirmed that DTG
in combination with boosted DRV can be considered to
be effective with an acceptable safety profile. With regard
to anxiety and depression symptoms as well as HrQoL,
no disadvantages associated with the intake of the 2DR
combination could be observed. However, the 2DR arm
showed a more favorable course concerning depression
symptoms during the 48-week study period than the con-
trol group. Considering the lifelong requirement for anti-
retroviral medication and mental and social challenges,
close attention to physical as well as mental quality-of-
life is required in PLWH (Degroote et al., 2013; Elliott
et al., 2002). Randomized controlled trials with large
sample sizes using double-blind designs and comprehen-
sive standardized data collection procedures, including
HrQoL-related endpoints, are needed.
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