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Abstract: Objective: Occult central nervous system (CNS) symptoms not recognized by people living
with HIV (PLWH) receiving efavirenz or their clinicians could occur and impact people’s quality of life.
The aim of this study was to determine whether CNS parameters improve in PLWH when switching
from efavirenz to rilpivirine. Methods: PLWH receiving tenofovir disoproxil fumarate, emtricitabine,
efavirenz (Atripla™) with undetectable HIV RNA, and no CNS symptoms were switched cART
to tenofovir disoproxil fumarate, emtricitabine, rilpivirine (Eviplera™). CNS parameters including
sleep, anxiety, and depressive symptoms were evaluated using patient-reported outcome measures at
baseline, 4, 12, and 24 weeks after switching therapy. A median CNS score was derived from the
sum of CNS toxicities of all the grades collected in the study questionnaires. Cognitive function was
assessed using a computerized test battery. Results: Of 41 participants, median age was 47 years,
Interquartile range (IQR) 31, 92% were male and 80% were of white ethnicity. A significant reduction
in total CNS score (10 to 7) was observed at 4 weeks (p = 0.028), but not thereafter. Significant
improvements in sleep and anxiety were observed 4, 12 and 24 weeks after switching therapy
(p < 0.05). No significant change in global cognitive scores was observed. Conclusions: Switching
from efavirenz to rilpivirine based regimens in virologically suppressed PLWH without perceived
CNS symptoms was well tolerated and slightly improved overall CNS symptoms.
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1. Introduction

Antiretroviral toxicity is a common cause for therapy modification with around a quarter of
individuals on first-line combination antiretroviral therapy (cART) changing treatment due to the
onset of toxicity including central nervous system (CNS) toxicity [1,2]. Efavirenz is a highly efficacious
and convenient (once daily dosing) non-nucleoside reverse transcriptase inhibitor (NNRTI) that is still
being used as a first-line therapy in combination with other antiretrovirals as a single tablet regimen
atripla (tenofovir disoproxil fumarate, emtricitabine, efavirenz) or at doses of 600 mg and 400 mg
in low income settings [3–5]. CNS toxicity is a common side effect of efavirenz and although most
CNS toxicity with efavirenz resolves in 2–4 weeks [6], between 20% to 40% of patients still experience
ongoing neuropsychiatric symptoms such as anxiety, depression and abnormal dreams after several
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weeks or even years after the initiation of efavirenz therapy [7–10]. Furthermore, switching from
efavirenz-containing regimes to efavirenz free cART has been associated with improved CNS toxicity
in several studies [8,11–13]. More recently, Efavirenz use has been associated with poorer cognitive
function in several cohort studies [14,15]. Hakkers et al. recently reported a randomized controlled
trial where an improvement in cognitive function after switching from efavirenz to rilpivirine based
cART was observed in asymptomatic patients on effective cART [16]. In contrast, another randomized
controlled trial of people with HIV on efavirenz switching to rilpivirine did not show a significant
improvement in cognitive function or patient reported outcomes of depression and anxiety [17].
Similarly, Payne et al. showed that switching people with HIV on efavirenz for at least 6 months to a
protease inhibitor combination was not associated with changes in cognitive function or brain imaging
parameters [18].

Patients on efavirenz based cART might not actively report CNS symptoms attributable to
efavirenz. However, concern exits regarding occult CNS toxicities which could have a deleterious
effect on quality of life and cognitive function after years of exposure to efavirenz. Rilpivirine is a
second-generation NNRTI which has demonstrated to be non-inferior to efavirenz in treatment naïve
HIV individuals with a viral load ≤100,000 HIV-1 RNA copies/mL [19–21]. Rates of neuropsychiatric
side effects and discontinuations are significantly lower with rilpivirine when compared to efavirenz
(16% versus 37%) (1% versus 5%), respectively [19,20]. Given the recognized effects of efavirenz on
neuropsychiatric symptoms, we hypothesize that switching people with stable HIV on efavirenz
without objective CNS toxicity to rilpivirine containing cART leads to improvement in CNS symptoms,
health-related quality of life (QoL), sleep, mood and cognitive function.

2. Methods

2.1. Participants and Data Collection

HIV-1 positive adults who had received at least 12 weeks of tenofovir disoproxil fumarate,
emtricitabine, efavirenz without documented history in medical records of neuropsychiatric or CNS
symptoms or any significant self-perceived objective CNS symptoms at the time of recruitment were
enrolled in a phase IV, open label single arm study in 4 UK sites (Chelsea and Westminster Hospital,
St Mary’s Hospital, Guy’s and St Thomas’s Hospital in London and the Royal County Hospital in
Brighton) between January 2016 and January 2017. Patients were required to have a plasma HIV RNA
<40 copies/mL (the target to define a patient as undetectable in the UK) and CD4 cell count greater
than 50 cells/µL at screening. Subjects were excluded if they had previous exposure to rilpivirine,
acute or chronic viral hepatitis, evidence of HIV-drug resistance mutations prior to commencing cART
or due to use of disallowed concomitant medication (as per the summary of product characteristics
for tenofovir disoproxil fumarate, emtricitabine, rilpivirine). Subjects were also ineligible if they had
current self-reported recreational drug use or excessive alcohol consumption. All subjects gave written
informed consent. The study was approved by the research ethics committee, the UK regulatory
authority and medicines and health care products regulatory agency (MRHA) and registered with the
EudraCT trials database (2014-002284-15).

On day 1, eligible subjects were switched from tenofovir disoproxil fumarate, emtricitabine,
efavirenz (Atripla) to tenofovir disoproxil fumarate, emtricitabine, rilpivirine (Eviplera) for the
duration of the study period (24 weeks). Patients were followed up at 4, 12 and 24 weeks.

2.2. Study Assessments

At each study visit, the patients underwent blood sampling for plasma HIV-RNA, CD4, CD8 cell
count, biochemistry (hepatic, renal and bone profiles), haematology (full blood count and differential),
fasting lipids ([total, high-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol,
total: HDL cholesterol ratio and triglycerides], fasting glucose and urine macro-analysis.
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2.3. Neuropsychiatric Symptoms and Patient Reported Outcome Measures

Central nervous symptoms were assessed using a CNS side effects questionnaire based on the
summary of products characteristics (SPC) and the division of AIDS grading scale (DAIDS) for grading
the severity of adverse events [22]. Study participants were specifically questioned by a research
nurse or doctor at each study visit about any objective neuropsychiatric and CNS adverse events and
the medical notes were reviewed to ensure that any CNS symptoms had not been documented by
other health care professionals. CNS symptoms are listed in Table 1. Each symptom was graded on a
4-point scale (0 = none, 2 = mild, 3 = moderate, 4 = severe). CNS adverse events were described as the
proportion of patients with any grade 2–4 adverse events and individual grade 2–4 adverse events; the
median number of grade 2–4 CNS adverse events were also calculated. A “CNS score” was calculated
based on the sum total of all grades of the CNS adverse events and these were transformed so that the
scores ranged from 0 to 100. A maximum possible score is 100 (severe) and a minimum possible score
is 0 (none).

Table 1. Rates of grade 2–4 central nervous system (CNS) side effects at week 4, 12 and 24 (p values
correspond to the difference at each time point compared with event rates at baseline).

CNS Side Effects Baseline
n = 41

4 Weeks
n = 40

12 Weeks
n = 39

24 Weeks
n = 37

Median change *
p value

Median change *
p value

Median change *
p value

Total CNS score, median
(IQR) 10 (2–23) 7 (3–13) 0.028 10 (3–17) 0.064 7 (3–17) 0.152

Dizziness, n (%) 10 (24) 2 (5) 0.005 5 (12) 0.096 5 (13) 0.103

Depression/Low mood,
n (%) 14 (34) 14 (35) 0.65 16 (41) 0.25 17 (46) 0.04

Insomnia/sleepiness, n
(%) 23 (56) 15 (37) 0.05 15 (38) 0.134 19 (51) 0.73

Anxiety/nervousness, n
(%) 14 (34) 12 (30) 0.31 16 (41) 0.56 15 (40) 0.78

Confusion, n (%) 3 (7) 7 (17) 0.20 3 (7) 0.99 5 (13) 0.48

Impaired concentration,
n (%) 14 (34) 15 (37) 0.52 11 (28) 0.52 11 (29) 0.48

Somnolence, n (%) 9 (22) 16 (40) 0.02 16 (41) 0.02 10 (27) 0.706

Aggressive mood
behaviour, n (%) 9 (22) 7 (17) 0.65 5 (12) 0.08 7 (18) 0.56

Abnormal dreams, n (%) 22 (53) 12 (30) 0.003 10 (25) 0.002 8 (21) 0.001

Headache, n (%) 12 (29) 7 (17) 0.04 7 (18) 0.15 7 (18) 0.20

* Wilcoxon rank test.

Sleep, anxiety and depression symptoms were measured using the Pittsburgh Sleep
Questionnaire [23] and the Hospital and Anxiety and Depression questionnaires, respectively [24].

Quality of life was measured at 4, 12 and 24 weeks using the EuroQoL (EQ-5D-5L)—a standardized
instrument to measure health-related quality of life. A EQ VAS (visual analogue scale for health related
quality of life) score was calculated, where a maximum score of 100 corresponds to the best-reported
health and a minimum score of 0 represents the worst reported health [25].

2.4. Cognitive Testing

Cognitive testing was performed at 4 and 24 weeks using CogState (CogState Ltd., Melbourne,
Australia), a computerized battery previously validated in people living with HIV (PLWH) [26].
The battery evaluates several cognitive domains including speed, visual attention, accuracy, visual
learning, working memory, verbal learning, associate learning and executive function.
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2.5. Statistical Analysis

The primary endpoint of the study was change in neuropsychiatric and central nervous system
(CNS) parameters in patients without perceived CNS symptoms after 4 weeks of switching from
efavirenz to rilpivirine based cART.

All participants who were enrolled and subsequently baselined into the study formed part of the
statistical analysis. All summary statistics of the quantitative data are presented with point estimates
and indication of variability in data where hyper-geometric distributed data are presented as a median
with an inter-quartile range and Gaussian normal data are presented as a mean with a standard
deviation. Qualitative data are presented as numbers and percentages. Within study time point
changes from baseline for non-parametric data such as CNS scores and patient reported outcome
scores were tested using the Wilcoxon signed rank test.

CogState results from PLWH within the study participants were compared with standardized
normative data of the general population provided by Cogstate. Raw scores from each of the cognitive
domains tested were transformed to z-scores using the CogState manufacturers’ normative data
adjusted for age by subtracting the mean and dividing by the standard deviation (SD) of the test scores
in the reference population. Summary z-scores were corrected for multiple comparisons and then
calculated by averaging z-scores of all the tests where normative data were available. Characteristics of
CogState battery tested over time are described as composite age-adjusted z-score weighted mean. Due
to the multiplicity of data per patient, within changes over time in the age-adjusted composite scores
between baseline and week 4 and week 24 were tested using a weighted paired t-test. All statistical
analyses were performed using SAS version 9.4 statistical software (SAS Institute, Cary, NC, USA) and
all p-values presented are two-tailed.

3. Results

Forty-one patients who were predominantly male (92%) and of white ethnicity (85%) were enrolled.
Four participants withdrew from the study. Two participants left at week 4 and 12 because they were
unable to complete the 24 weeks due to changes in personal circumstances, and two other participants
withdrew between 12 and 24 weeks because they were moving away from the UK indefinitely. A total
of 37 individuals completed all the study procedures. Median age (range) was 47 years [27–34] and
median duration on Atripla at baseline was 5 years [2–7]. Median baseline CD4 count was 563 cells/µL
(IQR 465-679) and all patients including those that completed the study had a HIV RNA <40 copies/mL
throughout the study period (Table 2).

Table 2. Demographic characteristics at baseline.

Demographic/Clinical Parameter Total

Number of subjects 41

Age, years, median, interquartile range (IQR) 47.3 (31 to 68)

Male gender, n (%) 38 (92)

Ethnicity, n (%)
White. 36 (85)

Afro-Caribeean 4 (10)
Other 2 (5)

Years on Atripla, median (IQR) 5 (2–7)

Years since HIV diagnosis median (IQR) 11(8–18)

Baseline CD4 cell count (cells/µL), median (IQR) 563 (465–679)

Baseline plasma HIV RNA level < 50 copies/mL, n (%) 41 (100)
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3.1. Change in Central Nervous Symptoms and Patient Reported Outcomes for Sleep, Anxiety and Depression

Rates of CNS symptoms at baseline, week 4, 12 and 24 are presented in Table 1. All patients had at
least one grade 2–4 CNS symptom at baseline, with insomnia or sleepiness and abnormal dreams as the
most common symptoms. The Median Interquartile range (IQR) CNS score at baseline was 10 (2–23).
At week 4, the median score was 7 (3–13), representing a significant decline in any grade 2–4 CNS
symptoms compared with baseline: median change 0 (0–7); p = 0.028 (primary endpoint). In terms
of individual grade 2–3 CNS symptoms, at week 4, there was a 20% decline in the proportion of
patients experiencing dizziness and insomnia, a 22% decline in abnormal dreams and a 10% reduction
in headaches compared to baseline (Table 1). In contrast, there was a 20% increase in somnolence
at 4 weeks after starting rilpivirine. There were no significant changes in total and individual CNS
scores from baseline apart from improvement in abnormal dreams, which continued at week 12 and
24 following the switch to rilpivirine based cART (Table 1). Regarding patient reported outcomes,
at week 4, there was a 2% decline in anxiety symptoms (range: 0–7; p = 0.001) and a 4.8% decline in
sleep symptoms (range: 0–9.5; p = 0.001) (Figure 1). Improvements in sleeping symptoms and anxiety
were also observed at week 12 and 24. No significant changes to depression scores from baseline were
observed at weeks 4, 12 or 24 (Figure 1).
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Figure 1. Change in patient reported outcomes for anxiety (A), depression (B), sleep (C) and health
related quality of life scores (D) at 4, 12 and 24 weeks from baseline. HAD = hospital anxiety and
depression scale, QoL = quality of life. Point estimates are median change; error bars are IQR change
following the Wilcoxon rank test.

3.2. Change in Health-Related Quality of Life

A significant improvement in health-related quality of life was observed with EQ-VAS scores
increasing by 2% at week 4 (mean change: 2 (−10 to 0); p = 0.003) following the switch to rilpivirine.
This improvement was still present at week 12 and 24 (Figure 1).

3.3. Change in Cognitive Function

Cognitive function was within the normal range for all patients at baseline when compared to the
normalised data provided (HIV negative individuals aged 20 to 70 years old) by the manufacturer
(CogState). No significant changes in global cognitive function were observed at 4 or 24 weeks
after starting TDF/FTC/RPV. However, when looking at individual cognitive domains, significant
improvements in executive function, attention and learning were observed at week 24 after switching
to rilpivirine (Table 3).
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Table 3. Change in cognitive function 4 and 24 weeks after switching to Eviplera. P values correspond
to the median change in absolute scores for all cognitive domains from baseline to week 4 and
24, respectively.

Cognitive Tests Cognitive
Domain

Baseline
n = 41

4 Weeks
n = 40

24 Weeks
n = 37

OCL (one card learning)
Higher score = better performance

Median (IQR)
Learning 0.95 (0.8 to 1) 0.98 (0.8 to 1) 1.1 (0.9 to 1)

0.02 (−0.08 to 0.09)
p = 0.547

0.05 (−0.0 to 0.14)
p = 0.035

ONB (one back memory)
Higher score = better performance

Median (IQR)

Working
memory 1.32 (1.1 to 1.39) 1.32 (1.1 to 1.39) 1.39 (1.32 to 1.39)

−0.05 (−0.17 to 0.16)
p = 0.55

0.07 (0.00 to 0.20)
p = 0.164

TWOB (two back memory)
Higher score = better performance

Working
memory 1.19 (1.11 to 1.33) 1.27 (1.02 to 1.33) 1.33 (1.19 to 1.40)

Median (IQR) 0.05 (−0.05 to 0.17)
p = 0.55

0.07 (0.00 to 0.17)
p = 0.164

DET (Detection)
Lower score = better performance Speed 2.51 (2.47 to 2.63) 2.57 (2.47 to 2.65) 2.57 (2.47 to 2.61)

Median (IQR) −0.01 (−0.03 to 0.06)
p = 0.581

0.01 (−0.02 to 0.07)
p = 0.723

IDN (Identification)
Lower score = better performance Attention 2.71 (2.67 to 2.76) 2.71 (2.69 to 2.82) 2.75 (2.68 to 2.81)

Median (IQR) −0.01 (−0.03 to 0.05)
p = 0.24

0.02 (−0.02 to 0.08)
p = 0.023

GML (Groton maize learning tests)
Lower score = better performance

Median (IQR)

Executive
function 13 (7 to 24) 10 (6 to 20) 10 (6 to 17)

−7 (−19 to 5)
p = 0.147

−8 (−25 to 7)
p = 0.011

SETSID (Intradimensional shift)
Lower score = better performance

Median (IQR)

Executive
function 1.05 (1.00 to 1.29) 1.08 (1.00 to 1.29) 1.19 (1.02 to 1.29)

−0.03 (−0.09 to 0.19)
p = 0.347

0.10 (−0.05 to 0.23)
p = 0.004

Global cognitive Z score
Z score based on normative data

Median (IQR)

All
domains

−0.12 (−0.78 to
0.47)

−0.06 (−0.78 to 0.72)
p = 0.758

0.04 (−0.37 to 0.58)
p = 0.497

Improved central nervous system symptoms in people with HIV without overt neuropsychiatric complaints
switching from efavirenz to rilpivirine containing cART.

3.4. Virological and Immunological Efficacy

All participants in this study maintained viral suppression (less than 50 copies/mL) at all visits.
No significant changes in CD4 and CD8 T cell counts were observed at weeks 12 and 24 (p > 0.1).

3.5. Lipids

Although 39% [16] of participants were on medications to reduce lipids, there was a significant
reduction in total cholesterol, LDL-cholesterol, triglycerides and HDL-cholesterol at weeks 4, 12 and 24
(p < 0.05 for all measurements). A significant reduction in the total cholesterol/HDL ratio was only
observed at week 12 (p = 0.005)

3.6. Non-Central Nervous System Adverse Events and Laboratory Abnormalities

TDF/FTC/RPV was well tolerated. There were no new grade 2–4 adverse events and no significant
changes in liver, renal and other laboratory parameters at weeks 4, 12 and 24.
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4. Discussion

This study suggests that switching efavirenz to rilpivirine containing cART in virologically
suppressed people with HIV without perceived objective CNS toxicity slightly improves
neuropsychiatric symptoms, cognitive function and health-related quality of life, but does not
improve overall CNS cognitive function. Switching to rilpivirine containing cART improved overall
CNS symptoms at 4 weeks (primary outcome), though improvement in the total CNS score was not
observed at 12 and 24 weeks. When looking at individual CNS symptoms, the greatest improvement
was observed in sleep associated symptoms and anxiety. We found that sleep quality and nervousness
that were not perceived as side effects of efavirenz were significantly better up to 24 weeks after
switching to rilpivirine. Cognitive function was found to be preserved in all participants at baseline.
While switching to rilpivirine did not result in significant changes to global cognitive function, there
were improvements in executive function, attention and learning after 24 weeks.

CNS symptoms have consistently been reported in 40% to 60% of patients who initiate efavirenz
and it is a common reason for discontinuation. However, the majority of CNS side effects appear
early and are usually resolved within the first 6 weeks of treatment. However, there is a proportion of
patients where neuropsychiatric symptoms, such as sleep difficulties, anxiety and depression, persist
for much longer periods, even years after initiation of efavirenz therapy [9,35,36]. The reasons for this
phenomenon could be related to interindividual variations in the way the drug is metabolized in the
presence or absence of a polymorphism in CYP2BE. Individuals carrying alleles G/T or T/T of CYP2BE
are less efficient at metabolizing the drug than doses with the allele G/G, and therefore are more likely
to have a high plasma concentration or longer plasma high life of efavirenz [37]. Higher plasma
concentrations of efavirenz have been associated with greater CNS symptoms [27,38]. More recently,
a randomized, double blind study reported that a reduced dose of 400 mg of efavirenz was non-inferior
to the standard dose of 600 mg and was associated with a lower frequency of CNS adverse events [28].
In our study, we were unable to test for individual differences in CYP2BE genotype, and all participants
were on the standard 600 mg dose of efavirenz, which could explain why they were more likely to
benefit from switching. There are also the inherent issues with bias associated with patient reported
outcomes measurements in open trials as patient’s knowledge of the treatment received might influence
their view and reporting of their symptoms.

The effect of efavirenz on cognitive function remains controversial, with some observational
studies showing an increased rate of cognitive impairment associated with efavirenz use [14] and
others showing no changes in cognitive function after efavirenz withdrawal [17,18]. Neurotoxicity data
from animal and in vitro studies suggests that efavirenz might have a detrimental effect on human
brain cells [29–31] and therefore, another reason why some patients might not be showing clinical
impairment is because of individual differences in brain reserve.

We observed an increase in depression symptoms using the CNS questionnaire at week 24.
In contrast, no significant changes in depression scores were found when using the hospital and
anxiety depression scale at week 24. The discrepancy of the results might be due to differences in the
sensitivity of the tools employed to detect depression symptoms. As rilpivirine has been associated
with depression symptoms [32], further research into the prevalence of depressive symptoms in patients
taking rilpivirine based combinations is recommended.

In this study, we also described an improvement in lipids with significant reductions in total
and LDL-cholesterol after 24 weeks of rilpivirine, which is in keeping with previous studies showing
a significant reduction in lipids following a switch from efavirenz to rilpivirine based cART [33].
Efavirenz is known to be associated with increases in lipid parameters [34] and rilpivirine, less so.
These results confirm that rilpivirine may be an option to switch to for metabolic considerations.

There are several limitations to this study. First, it is possible that the patients recruited for the
study had significant self-perceived CNS symptoms that were not considered to be attributed to
efavirenz during screening and therefore enhancing the beneficial effect of switching to rilpivirine based
cART. Most patients that were recruited for this study had been on efavirenz based cART for many
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years without any documented CNS complaints in their medical notes before enrolment. To further
minimise bias during recruitment, the research doctor or nurse had to assess if the complaints were
objective or subjective and attributable to efavirenz or any other cause. Second, the improvement in
some cognitive function domains could be explained by the learning effect of repeat testing in such a
short interval. Finally, the lack of a control arm, a small sample size and the fact that most participants
were male and from white ethnicity limits the generalisability of the results.

5. Conclusions

Several studies have shown that in patients with symptomatic CNS side effects attributed to
efavirenz switching therapy leads to improvements in CNS toxicity [8,34]. What our study has shown
is that in patients without perceived CNS symptoms, switching away from efavirenz might yield
improvements in patient reported outcomes of sleep, anxiety, and health-related quality of life, an
important clinical outcome for stable patients on cART.

Author Contributions: M.N. contributed to the study’s concept and design, J.H.V. contributed to the analysis
interpretation of the data and drafting of the manuscript. M.N., A.W., J.F. and M.B. (Marta Boffito) contributed
to the analysis, interpretation of data and critical revision of the manuscript. All authors contributed to the
acquisition of data and revision of the manuscript. All authors read and approved the final manuscript.

Funding: This study was funded by an Investigator Award Grant from Gilead Sciences.

Acknowledgments: This study was funded by Gilead Sciences and sponsored by St Stephen’s AIDS trust. J.H.V.
received honoraria and research grants in trials sponsored by Merck, Janssen Cilag, Piramal and Gilead sciences.
M.N. reports grants, personal fees and non-financial support from MSD, ViiV Healthcare, Abbvie, Bristol-Myers
Squibb and Gilead Sciences. A.W. received honoraria or research grants from VIiV Healthcare, Gilead Sciences,
BMS, Merck and Co. and Janssen. M.B. received travel and research grants from and has been a speaker/advisor
for Janssen, Roche, ViiV, Bristol-Myers Squibb, Merck Sharp & Dohme, Gilead, Mylan, Cipla and Teva. J.F.
received Investigator led grants from Gilead and has been on a Gilead advisory board. The other authors report
no disclosures relevant to this work. We thank all participants in the study.

Conflicts of Interest: The authors declared no conflict of interest.

References

1. Elzi, L.; Marzolini, C.; Furrer, H.; Ledergerber, B.; Cavassini, M.; Hirschel, B.; Vernazza, P.; Bernasconi, E.;
Weber, R.; Battegay, M.; et al. Treatment modification in human immunodeficiency virus-infected individuals
starting combination antiretroviral therapy between 2005 and 2008. Arch. Intern. Med. 2010, 170, 57–65.
[CrossRef] [PubMed]

2. Davidson, I.; Beardsell, H.; Smith, B.; Mandalia, S.; Bower, M.; Gazzard, B.; Nelson, M.; Stebbing, J. The
frequency and reasons for antiretroviral switching with specific antiretroviral associations: The SWITCH
study. Antivir. Res. 2010, 86, 227–229. [CrossRef] [PubMed]

3. WHO. Consolidated Guidelines on HIV Prevention, Diagnosis, Treatment and Care for Key Populations—2016.
2016. Available online: http://www.ncbi.mlm.nih.gov/books/NBK379694. (accessed on 26 February 2019).

4. Arribas, J.R.; Pozniak, A.L.; Gallant, J.E.; Dejesus, E.; Gazzard, B.; Campo, R.E.; Chen, S.S.; McColl, D.;
Holmes, C.B.; Enejose, J.; et al. Tenofovir disoproxil fumarate, emtricitabine, and efavirenz compared with
zidovudine/lamivudine and efavirenz in treatment-naive patients: 144-week analysis. J. Acquir. Immune
Defic. Syndr. 2008, 47, 74–78. [CrossRef] [PubMed]

5. Group, E.S. Efficacy of 400 mg efavirenz versus standard 600 mg dose in HIV-infected, antiretroviral-naive
adults (ENCORE1): A randomised, double-blind, placebo-controlled, non-inferiority trial. Lancet 2014, 383,
1474–1482.

6. Ldt BMSP. Sustiva Summary of Product Characteristics 2016. Available online: http://www.medicines.org.
uk/EMC/ (accessed on 26 February 2019).

7. Clifford, D.B.; Evans, S.; Yang, Y.J.; Acosta, E.P.; Ribaudo, H.; Gulick, R.M.; the Study Team. Long-term
impact of efavirenz on neuropsychological performance and symptoms in HIV-infected individuals (ACTG
5097s). HIV Clin. Trials 2009, 10, 343–355. [CrossRef] [PubMed]

http://dx.doi.org/10.1001/archinternmed.2009.432
http://www.ncbi.nlm.nih.gov/pubmed/20065200
http://dx.doi.org/10.1016/j.antiviral.2010.03.001
http://www.ncbi.nlm.nih.gov/pubmed/20211651
http:// www.ncbi.mlm.nih.gov/books/NBK379694.
http://dx.doi.org/10.1097/QAI.0b013e31815acab8
http://www.ncbi.nlm.nih.gov/pubmed/17971715
http://www.medicines.org.uk/EMC/
http://www.medicines.org.uk/EMC/
http://dx.doi.org/10.1310/hct1006-343
http://www.ncbi.nlm.nih.gov/pubmed/20133265


Brain Sci. 2019, 9, 195 10 of 11

8. Waters, L.; Fisher, M.; Winston, A.; Higgs, C.; Hadley, W.; Garvey, L.; Mandalia, S.; Perry, N.; Nicola, M.;
Nelson, M. A phase IV, double-blind, multicentre, randomized, placebo-controlled, pilot study to assess
the feasibility of switching individuals receiving efavirenz with continuing central nervous system adverse
events to etravirine. AIDS 2011, 25, 65–71. [CrossRef] [PubMed]

9. Fumaz, C.R.; Munoz-Moreno, J.A.; Molto, J.; Negredo, E.; Ferrer, M.J.; Sirera, G.; Pérez-Alvarez, N.; Gómez, G.;
Burger, D.; Clotet, B. Long-term neuropsychiatric disorders on efavirenz-based approaches: Quality of life,
psychologic issues, and adherence. J. Acquir. Immune Defic. Syndr. 2005, 38, 560–565. [CrossRef] [PubMed]

10. Rihs, T.A.; Begley, K.; Smith, D.E.; Sarangapany, J.; Callaghan, A.; Kelly, M.; Post, J.J.; Gold, J. Efavirenz
and chronic neuropsychiatric symptoms: A cross-sectional case control study. HIV Med. 2006, 7, 544–548.
[CrossRef]

11. Nguyen, A.; Calmy, A.; Delhumeau, C.; Mercier, I.; Cavassini, M.; Mello, A.F.; Elzi, L.; Rauch, A.; Bernasconi, E.;
Schmid, P.; et al. A randomized cross-over study to compare raltegravir and efavirenz (SWITCH-ER study).
AIDS 2011, 25, 1481–1487. [CrossRef]

12. Mills, A.M.; Cohen, C.; Dejesus, E.; Brinson, C.; Williams, S.; Yale, K.L.; Ramanathan, S.; Wang, M.H.;
White, K.; Chuck, S.K.; et al. Efficacy and safety 48 weeks after switching from efavirenz to rilpivirine using
emtricitabine/tenofovir disoproxil fumarate-based single-tablet regimens. HIV Clin. Trials 2013, 14, 216–223.
[CrossRef]

13. Pozniak, A.; Markowitz, M.; Mills, A.; Stellbrink, H.J.; Antela, A.; Domingo, P.; Girard, P.-M.; Henry, K.;
Nguyen, T.; Piontkowsky, D.; et al. Switching to coformulated elvitegravir, cobicistat, emtricitabine, and
tenofovir versus continuation of non-nucleoside reverse transcriptase inhibitor with emtricitabine and
tenofovir in virologically suppressed adults with HIV (STRATEGY-NNRTI): 48 week results of a randomised,
open-label, phase 3b non-inferiority trial. Lancet Infect. Dis. 2014, 14, 590–599. [PubMed]

14. Ciccarelli, N.; Fabbiani, M.; Di Giambenedetto, S.; Fanti, I.; Baldonero, E.; Bracciale, L.; Tamburrini, E.;
Cauda, R.; De Luca, A.; Silveri, M.C. Efavirenz associated with cognitive disorders in otherwise asymptomatic
HIV-infected patients. Neurology 2011, 76, 1403–1409. [CrossRef] [PubMed]

15. Ma, Q.; Vaida, F.; Wong, J.; Sanders, C.A.; Kao, Y.T.; Croteau, D.; Clifford, D.B.; Collier, A.C.; Gelman, B.B.;
Marra, C.M.; et al. Long-term efavirenz use is associated with worse neurocognitive functioning in
HIV-infected patients. J. Neurovirol. 2016, 22, 170–178. [CrossRef] [PubMed]

16. Hakkers, C.S.; Arends, J.E.; van den Berk, G.E.; Ensing, M.H.M.; Hooijenga, I.; Vink, M.; van Zandvoort, M.J.E.;
Hoepelman, A.I.M. Objective and Subjective Improvement of Cognition After Discontinuing Efavirenz in
Asymptomatic Patients: A Randomized Controlled Trial. J. Acquir. Immune Defic. Syndr. 2019, 80, e14–e22.
[CrossRef] [PubMed]

17. Lapadula, G.B.D.; Bai, F.; Di Biagio, A.; Foca, E.; Bonora, S.; Castelli, F.; Viscoli, C.; Bandera, A.; Monforte, A.;
Gori, A. No change in neurocognitive function after switching from efavirenz to rilpivirine. In Proceedings
of the CROI Conference, Boston, MA, USA, 4–7 March 2018; p. 418.

18. Payne, B.; Chadwick, T.J.; Blamire, A.; Anderson, K.N.; Parikh, J.; Qian, J.; Hynes, A.M.; Wilkinson, J.;
Price, D.A.; Efficacy of Switch to Lopinavir/Ritonavir in Improving Cognitive Function in Efavirenz-treated
Patients Study Team. Does efavirenz replacement improve neurological function in treated HIV infection?
HIV Med. 2017, 18, 690–695. [CrossRef] [PubMed]

19. Molina, J.M.; Cahn, P.; Grinsztejn, B.; Lazzarin, A.; Mills, A.; Saag, M.; Supparatpinyo, K.; Walmsley, S.;
Crauwels, H.; Rimsky, L.T.; et al. Rilpivirine versus efavirenz with tenofovir and emtricitabine in
treatment-naive adults infected with HIV-1 (ECHO): A phase 3 randomised double-blind active-controlled
trial. Lancet 2011, 378, 238–246. [CrossRef]

20. Molina, J.M.; Clumeck, N.; Orkin, C.; Rimsky, L.T.; Vanveggel, S.; Stevens, M.; ECHO and THRIVE Study
Groups. Week 96 analysis of rilpivirine or efavirenz in HIV-1-infected patients with baseline viral load </=

100 000 copies/mL in the pooled ECHO and THRIVE phase 3, randomized, double-blind trials. HIV Med.
2014, 15, 57–62.

21. U.S. Department of Health and Human Services NIoH, National Institute of Allergy and Infectious Diseases,
Division of AIDS. Division of AIDS (DAIDS), 2017 Corrected Version 2.1. Available from: Table for Grading
the Severity of Adult and Pediatric Adverse Events. Available online: https://rscniaidnihgov/sites/default/
files/daidsgradingcorrectedv21pdf (accessed on 26 February 2019).

22. Buysse, D.J.; Reynolds, C.F., 3rd; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index:
A new instrument for psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. [CrossRef]

http://dx.doi.org/10.1097/QAD.0b013e328341685b
http://www.ncbi.nlm.nih.gov/pubmed/21099666
http://dx.doi.org/10.1097/01.qai.0000147523.41993.47
http://www.ncbi.nlm.nih.gov/pubmed/15793366
http://dx.doi.org/10.1111/j.1468-1293.2006.00419.x
http://dx.doi.org/10.1097/QAD.0b013e328348dab0
http://dx.doi.org/10.1310/hct1405-216
http://www.ncbi.nlm.nih.gov/pubmed/24908550
http://dx.doi.org/10.1212/WNL.0b013e31821670fb
http://www.ncbi.nlm.nih.gov/pubmed/21502598
http://dx.doi.org/10.1007/s13365-015-0382-7
http://www.ncbi.nlm.nih.gov/pubmed/26407716
http://dx.doi.org/10.1097/QAI.0000000000001876
http://www.ncbi.nlm.nih.gov/pubmed/30272630
http://dx.doi.org/10.1111/hiv.12503
http://www.ncbi.nlm.nih.gov/pubmed/28247479
http://dx.doi.org/10.1016/S0140-6736(11)60936-7
https://rscniaidnihgov/sites/default/files/daidsgradingcorrectedv21pdf
https://rscniaidnihgov/sites/default/files/daidsgradingcorrectedv21pdf
http://dx.doi.org/10.1016/0165-1781(89)90047-4


Brain Sci. 2019, 9, 195 11 of 11

23. Zigmond, A.S.; Snaith, R.P. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 1983, 67, 361–370.
[CrossRef]

24. EuroQol, G. EuroQol—A new facility for the measurement of health-related quality of life. Health Policy
1990, 16, 199–208.

25. Cysique, L.A.; Maruff, P.; Darby, D.; Brew, B.J. The assessment of cognitive function in advanced HIV-1
infection and AIDS dementia complex using a new computerised cognitive test battery. Arch. Clin.
Neuropsychol. 2006, 21, 185–194. [CrossRef]

26. Gutierrez, F.; Navarro, A.; Padilla, S.; Anton, R.; Masia, M.; Borras, J.; Martin-Hidalgo, A. Prediction of
neuropsychiatric adverse events associated with long-term efavirenz therapy, using plasma drug level
monitoring. Clin. Infect. Dis. 2005, 41, 1648–1653. [CrossRef]

27. ECHO Study Group; Carey, D.; Puls, R.; Amin, J.; Losso, M.; Phanupak, P.; Foulkes, S.; Mohapi, L.;
Crabtree-Ramirez, B.; Jessen, H.; et al. Efficacy and safety of efavirenz 400 mg daily versus 600 mg daily:
96-week data from the randomised, double-blind, placebo-controlled, non-inferiority ENCORE1 study.
Lancet Infect. Dis. 2015, 15, 793–802.

28. Robertson, K.; Liner, J.; Meeker, R.B. Antiretroviral neurotoxicity. J. Neurovirol. 2012, 18, 388–399. [CrossRef]
29. Tovar-y-Romo, L.B.; Bumpus, N.N.; Pomerantz, D.; Avery, L.B.; Sacktor, N.; McArthur, J.C.; Haughey, N.J.

Dendritic spine injury induced by the 8-hydroxy metabolite of efavirenz. J. Pharmacol. Exp. Ther. 2012, 343,
696–703. [CrossRef]

30. Funes, H.A.; Blas-Garcia, A.; Esplugues, J.V.; Apostolova, N. Efavirenz alters mitochondrial respiratory
function in cultured neuron and glial cell lines. J. Antimicrob. Chemother. 2015, 70, 2249–2254. [CrossRef]

31. Freeman, D.; Levenson, J. Rilpivirine and Depression. Psychosomatics 2015, 56, 711–712. [CrossRef]
32. Taramasso, L.; Tatarelli, P.; Ricci, E.; Madeddu, G.; Menzaghi, B.; Squillace, N.; De Socio, G.V.; Martinelli, C.;

Gulminetti, R.; Maggi, P.; et al. Improvement of lipid profile after switching from efavirenz or ritonavir-boosted
protease inhibitors to rilpivirine or once-daily integrase inhibitors: Results from a large observational cohort
study (SCOLTA). BMC Infect. Dis. 2018, 18, 357.

33. Haubrich, R.H.; Riddler, S.A.; DiRienzo, A.G.; Komarow, L.; Powderly, W.G.; Klingman, K.; Garren, K.W.;
Butcher, D.L.; Rooney, J.F.; Haas, D.W.; et al. Metabolic outcomes in a randomized trial of nucleoside,
nonnucleoside and protease inhibitor-sparing regimens for initial HIV treatment. AIDS 2009, 23, 1109–1118.
[CrossRef]

34. Ward, D.J.; Curtin, J.M. Switch from efavirenz to nevirapine associated with resolution of efavirenz-related
neuropsychiatric adverse events and improvement in lipid profiles. AIDS Patient Care STDS 2006, 20, 542–548.
[CrossRef]

35. Munoz-Moreno, J.A.; Fumaz, C.R.; Ferrer, M.J.; Gonzalez-Garcia, M.; Molto, J.; Negredo, E.; Clotet, B.
Neuropsychiatric symptoms associated with efavirenz: Prevalence, correlates, and management.
A neurobehavioral review. AIDS Rev. 2009, 11, 103–109.

36. Ramachandran, G.; Hemanth Kumar, A.K.; Rajasekaran, S.; Kumar, P.; Ramesh, K.; Anitha, S.; Narendran, G.;
Menon, P.; Gomathi, C.; Swaminathan, S. CYP2B6 G516T polymorphism but not rifampin coadministration
influences steady-state pharmacokinetics of efavirenz in human immunodeficiency virus-infected patients in
South India. Antimicrob. Agents Chemother. 2009, 53, 863–868. [CrossRef]

37. Haas, D.W.; Ribaudo, H.J.; Kim, R.B.; Tierney, C.; Wilkinson, G.R.; Gulick, R.M.; Clifford, D.B.; Hulgan, T.;
Marzolini, C.; Acosta, E.P. Pharmacogenetics of efavirenz and central nervous system side effects: An Adult
AIDS Clinical Trials Group study. AIDS 2004, 18, 2391–2400.

38. Marzolini, C.; Telenti, A.; Decosterd, L.A.; Greub, G.; Biollaz, J.; Buclin, T. Efavirenz plasma levels can predict
treatment failure and central nervous system side effects in HIV-1-infected patients. AIDS 2001, 15, 71–75.
[CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://dx.doi.org/10.1016/j.acn.2005.07.011
http://dx.doi.org/10.1086/497835
http://dx.doi.org/10.1007/s13365-012-0120-3
http://dx.doi.org/10.1124/jpet.112.195701
http://dx.doi.org/10.1093/jac/dkv098
http://dx.doi.org/10.1016/j.psym.2015.06.001
http://dx.doi.org/10.1097/QAD.0b013e32832b4377
http://dx.doi.org/10.1089/apc.2006.20.542
http://dx.doi.org/10.1128/AAC.00899-08
http://dx.doi.org/10.1097/00002030-200101050-00011
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Participants and Data Collection 
	Study Assessments 
	Neuropsychiatric Symptoms and Patient Reported Outcome Measures 
	Cognitive Testing 
	Statistical Analysis 

	Results 
	Change in Central Nervous Symptoms and Patient Reported Outcomes for Sleep, Anxiety and Depression 
	Change in Health-Related Quality of Life 
	Change in Cognitive Function 
	Virological and Immunological Efficacy 
	Lipids 
	Non-Central Nervous System Adverse Events and Laboratory Abnormalities 

	Discussion 
	Conclusions
	References

