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Objective and Subjective Improvement of Cognition After
Discontinuing Efavirenz in Asymptomatic Patients: A
Randomized Controlled Trial
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Background: Efavirenz is well known for its clinical cognitive
side effects. Even asymptomatic patients who switch for other
reasons than neurocognitive complaints have reported a subjective
improvement in cognitive functioning after discontinuing efavirenz.
The aim of this study was to assess the effect on cognition of
switching Atripla (TDF/FTC/EFV) to Eviplera (TDF/FTC/RPV),
hypothesizing an improvement when discontinuing efavirenz.

Setting: A randomized controlled design with a highly comparable
comparator drug was used to minimize bias and to differentiate drug
versus learning effects. An extensive sensitive neuropsychological
assessment (NPA) was used to detect subtle changes.

Methods: Virologically suppressed, cognitively asymptomatic
male HIV-infected patients on Atripla were included and randomized
(2:1) to switch to Eviplera (switch group) or continue on Atripla
(control group) for 12 weeks. At baseline and week 12, patients
underwent an extensive NPA.

Results: Fourteen control and 34 switch subjects completed the
study. There were no differences at baseline. Group analysis
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demonstrated a significantly better improvement for the switch
group on the domains attention (P = 0.041) and speed of information
processing (P = 0.014). Normative comparison analyses showed that
5 of the 34 patients who switched (15%) improved on NPA score as
compared to the control group. Interestingly, subjective improve-
ment after discontinuing efavirenz made 74% of the switch group
chose for a regime without efavirenz after study completion.

Conclusions: Switching from Atripla to Eviplera resulted in
objective cognitive improvement on the group level in cognitively
asymptomatic patients. Discrepancies in objective and subjective
cognitive complaints make it challenging to identify patients who
would benefit from discontinuing efavirenz.

Key Words: HIV, cognition, efavirenz, cART, asymptomatic, NCI,
toxicity
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INTRODUCTION

Neurocognitive impairment (NCI) is a frequently occur-
ring complication of HIV infection, with a negative effect on
quality of life, participation, and drug adherence.'~® The
different presentations of NCI in HIV infection are summa-
rized in the term HIV-Associated Neurocognitive Disorders
(HAND), which is conventionally diagnosed with a neuro-
psychological assessment (NPA). The etiology of NCI in HIV
is currently not yet fully elucidated. Evidence has pointed in
the direction of an effect of the virus itself or an effect of
immune activation, but this does not explain the fact that HIV
patients who are being adequately treated suffer from NCI as
well.® Even in the era of combination antiretroviral therapy
(cART), HAND prevalence remains as high as 50%, and
around 40% of patients in outpatient settings report subjective
neurocognitive complaints.*7 Recently, a study found a ben-
eficial effect of discontinuing cART on cognition, and
additionally, several studies have suggested a direct negative
effect of antiretroviral treatment on cognitive function.3-19

When investigating neurocognitive toxicity of cART,
a good example is efavirenz, a drug that, although being one
of the most frequently used antiretrovirals worldwide, has
been associated with considerable neurocognitive com-
plaints.! =14 This is mostly visible in patients who experience
evident side effects and subsequently quickly change their
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regimen.® This toxicity profile, along with the emergence of
newer antiretrovirals, has resulted in a decline in Efavirenz’
popularity in the Western world. However, efavirenz is still
very much the drug of first choice in low income coun-
tries.!>16 Furthermore, the most popular combination of
efavirenz with other antiretrovirals in a single-tablet regime
(STR), namely Atripla, has recently become generically
available, making it a very attractive regimen for economical
regions. Moreover, a substantial group of patients on
efavirenz do not report cognitive complaints, ie, cognitively
asymptomatic patients. Anecdotal evidence has suggested
that the negative effect on cognition even in these “asymp-
tomatic” patients seems reversible. That is, studies in
asymptomatic patients did show an improvement in cogni-
tion, the amount of adverse events, and drug adherence after
discontinuing efavirenz.!%!7 In addition, from clinical expe-
rience in our outpatient clinic, we have learned that patients
often develop a subjective cognitive improvement after
switching efavirenz for other reasons than cognitive side
effects. Nevertheless, the effect of efavirenz in asymptomatic
patients has not yet been properly studied. There are only 2
studies in asymptomatic patients investigating the effect of
switching from an efavirenz-containing regime by means of an
NPA.!819 These studies are however limited by their design
(ie, observational or retrospective and no comparative control
group), sample sizes, and/or measurements of cognition.

When studying cognition, the choice of the NPA used
is very important. For example, HAND is diagnosed by an
NPA measuring at least 5 cognitive domains with preferably
at least 2 subtests per domain.?? Because the current study
focuses on asymptomatic patients, it is important to use
a sensitive NPA that is not so much focused on impairment
but on performance.?! This can be accomplished with subtests
designed to pick up subtle changes within the higher ranges of
measured cognition. This is especially important when
investigating (long-term) cART toxicity, seeing as patients
with subtle complaints usually stay on their regime, rather
than switching to a different regime altogether.

Given the attributed effects of efavirenz on cognition,
the hypothesis of this study is that discontinuation of
efavirenz leads to measurable improvement in neurocognitive
functioning. The aim of this study is to investigate the effect
of discontinuing efavirenz in stable, asymptomatic HIV
patients, using an extensive and sensitive NPA together with
inclusion of a control group.

METHODS

Participants

The ESCAPE (Effect of SwitChing AtriPla to Eviplera
on neurocognitive and emotional functioning) study ran from
May 2015 to December 2016. Stable HIV-infected patients on
Atripla were recruited from the outpatient department of
a large academic HIV treatment center (UMC Utrecht) and
a large peripheral HIV treatment center (OLVG) in the
Netherlands. To ensure a homogeneous study group, only
patients on tenofovir/emtricitabine/efavirenz (Atripla) at time
of inclusion were asked to participate. Patients were eligible if
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they were male, between 25 and 50 years old, were on Atripla
for at least 6 months with an undetectable viral load on the
last visit before inclusion, were fluent in Dutch, and without
any subjective cognitive complaints in the past year.
Exclusion criteria were: having active or past central nervous
system opportunistic infections, active psychiatric of neuro-
logic disorders, a history or evidence of alcohol or drug
abuse, assessed with the Drug Abuse Screening Test (DAST-
10), and/or anatomical abnormalities on a magnetic resonance
imaging (MRI)-scan of the brain.??

After being screened for inclusion and exclusion criteria
and receiving complete information on the study procedures,
all patients signed written informed consent. The study was
performed according to the Declaration of Helsinki,?? was
reviewed and approved by the medical ethical board of the
University Medical Center Utrecht, and was registered at
clinicaltrials.gov under number NCT02308332.

Study Design

Patients on Atripla were randomized to the switch
group (S; Eviplera, ie, tenofovir/emtricitabine/rilpivirine) or
the control group (C; continuing on Atripla) with an S:C ratio
of 2:1. We chose to put the switch group on Eviplera because
it is a STR like Atripla, with the same backbone (emtricita-
bine/tenofovir) and with a third agent within the same drug
class of nonnucleoside reverse transcriptase inhibitors. One of
the differences between the regimes is the dietary instructions
of Eviplera, which has to be taken with a substantial meal
(390 kcal and 12 g of fat). This, however, means patients
experience more stringent lifestyle rules with Eviplera, with
dietary consequences and a more strict regularity in timing
and size of the main meal of the day.

Patients in both groups underwent study-related proce-
dures at baseline and week 12 including an extensive NPA
together with measurements of HIV-RNA loads and CD4 cell
counts, and an MRI scan of the brain. In addition, plasma
concentrations of efavirenz for all patients at baseline and
either efavirenz or rilpivirine concentrations on week 12
depending on the switch or control group were determined.
Finally, patients filled out questionnaires on quality of life,
participation, and mood. As planned, patients in the switch
group were seen at weeks 2 and 4 after the switch, to check
for Eviplera side effects and to perform routine laboratory
tests. After completion of the study, patients were given the
explicit choice to either go back to their prestudy regime,
remain on Eviplera, or switch to a different cCART regime
all together.

NPA

The NPA was conducted by a trained neuropsycholo-
gist (M.H.M.E.) and interpreted by a senior neuropsycholo-
gist (MJ.E.v.Z.), who were both blinded for treatment
allocation. Afterward, data were further analyzed by the trial
physician (C.S.H.).

The NPA comprised 16 subtests, testing for 7 cognitive
domains. Because the ESCAPE study group consisted of
asymptomatic patients, we specifically chose NPA tasks that
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FIGURE 1. Inclusion flowchart.

can detect subtle changes. This means we focused on those
tasks that are not only limited to detect cognitive impairment,
but that can also chart performance without a ceiling effect;
ie., tests without a predefined maximum or timed tests. The
domains tested were language, learning and memory,
executive functioning, attention/working memory, speed of
information processing, and psychomotor speed. The subt-
ests and their accompanying domains are given as Supple-
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mental Digital Content 1, http://links.lww.com/QAI/B224.
To control for test—retest effects, alternate test versions were
used for the week-12 NPA. Dutch age- and education level—
adjusted normative data were used to transform raw test
scores into standardized z-scores to allow for further com-
parison between tests and domains. Cognitive domain scores
were calculated by averaging the Z-scores of the different
tests per domain, and a composite Z-score was calculated by
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averaging all tests” Z-score. The change (improvement or
worsening) of these domain and composite Z-scores in both
groups were used to assess the effects of
discontinuing efavirenz.

Questionnaires

Patients filled out questionnaires at baseline and at
follow-up including the Short-Form Health Survey (SF-36) to
investigate quality of life. The SF-36 is a survey constructed
for self-administration made up by 36 items on quality of life,
divided into 8 sections. It has been proven to be a practical,
reliable, and valid instrument for use in chronically ill
patients.>*?> An important aspect of quality of life is how
well an individual can function in society, eg, having a payed
job, being able to interact with others, and the ability to run
a household and practice self-care. This concept is also called
participation. In this study, participation was measured using
the Utrecht Scale for Evaluation of clinical Revalidation—
Participation (USER-P), a brief well-validated instrument to
rate objective and subjective participation consisting of 31
items on 3 scales: frequency, restrictions, and satisfaction.
Outcomes were measured on a scale from 0 to 100 (most-
positive outcome). The Hospital Anxiety and Depression
Scale (HADS) was filled out to examine mood complaints.
The HADS is a self-report screening scale developed to
indicate the presence of anxiety and depressive states. It
comprises a 7-item scale with a maximum of 21 points. A

TABLE 1. Table of Baseline Patient Characteristics
Control (16) Intervention (38) P

Age 41.6 (6.1) 41.3 (6.7) 0.76
CD4 699.3 (200.4)  665.4 (238.8) 091
Years of education 16.8 (0.8) 16.2 (1.7) 0.18
Education level Verhage* 5.8 (0.8) 5.5 (0.86) 0.95
CD4 nadir 263.3 (118.6)  293.4 (157.0) 038
Time since HIV diagnosis (mo) 108.4 (50.9) 89.2 (58.5) 0.29
Employed (in %) 88 97 0.21
Time on cART (mo) 63.9 (32.8) 62.7 (40.8) 0.99
Time on efavirenz (mo) 59.6 (25.7) 57.1 (30.2) 0.86
Comedication (in %) 0.77

0 53 63

1 37 31

2 or more 10 6
Previous cART regimes (in %) 0.35

0 81 87

1 19 8

2 or more 0 5
User-P satisfaction score (0—100) 80.8 (14.1) 74.3 (16.6) 0.21
User-P restrictions score (0—100) 99.1 (1.9) 97.9 (5.5) 0.42
SF-36 general health score (0-100) 72.2 (11.0) 77.5 (12.3) 0.30
SF-36 total score—physical 53.2 (5.0) 53.2(7.2) 0.98
SF-36 total score—mental 53.2 (4.7) 51.1 (7.7) 0.33

All outcomes are shown in mean (SD), unless otherwise specified.
*Verhage education level: Dutch classification system including 7 categories from 1
(did not finish primary school) to 7 (university degree).

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

score of 11 points or more indicates a probable mood
disorder. Furthermore, 4 short forms from the Patient-
Reported Outcome Measurement Information System
(PROMIS) were used (see http://www.assessmentcenter.net
and http://www.dutchflemishpromis.nl). PROMIS question-
naires, or short forms, are a valid and reliable measurement
system to measure patient-reported health outcomes. By using
a dynamic system of item banks, multiple aspects of health
and well-being can be tested. In this study, the short forms for
anxiety, depression, sleep disturbances, and satisfaction with
social roles and activities were used. The raw scores of the
PROMIS short forms were transformed into T-scores with
a mean of 50 and a SD of 10.

Statistical Analyses

Differences in baseline characteristics were evaluated
using a x? test in case of categorical variables, and an
independent samples T test (for normal distribution) or
Mann—Whitney U test (for skewed distribution) in case of
continuous variables.

The main outcome measure was the change in NPA
composite Z-score at 12 weeks after the switch compared
with the control group. Effects of the switch were analyzed at
the group level using a linear mixed effects model with
composite and domain Z-scores as outcome measurement.
The interaction between time (baseline or week 12) and group
(switch or control) was used to assess the group effect
(estimated difference) on Z-score. Missing data were ac-
counted for by the model using maximum likelihood
estimation. Models with random effects for intercept (per
individual) and slope (for time) were evaluated for each score.
Model diagnostics were performed by checking standardized
residuals versus fitted values, residuals per subgroup and per
individual, and by checking homoscedasticity of random
intercepts. A 2-sided alpha level of 0.05 was used, and 95%
confidence intervals were calculated. Moreover, to assess
differences in improvement in the switch group compared
with the control group at the individual level, analysis was
performed on the delta (difference) of the Z-scores per
individual using a corrected normative comparison (NC)
developed by Huizenga et al.?® This method, used for
evaluating multiple neuropsychological tests by comparing
them with a control group performing the same tests, uses
step-down resampling as a correction for multiple compar-
isons. Questionnaires’ outcomes were evaluated on a group
level with a repeated-measures General Linear Model.

Mixed model analyses were performed using R Statis-
tical Software version 3.3.2, and for the remaining analyses,
IBM SPSS version 21 was used.

RESULTS

From all patients eligible for inclusion, 59 were willing
to participate and were screened for inclusion (Fig. 1). The
main reasons patients did not want to participate were because
of time investment and reluctance to switch to a regime that
had a dietary restriction. Four patients were excluded after
screening, leaving 55 patients to complete the baseline visit.

www.jaids.com | el7
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TABLE 2. Change in Composite and Domain Z-Scores on Baseline and Week 12

A: Composite and Domain Z-Scores on Baseline and Week 12

Baseline Week 12
Median Z-Score Control (16) Intervention (38) Control (14) Intervention (34)
Composite 0.358 (1.14) 0.186 (1.04) 0.670 (1.16) 0.520 (0.83)
Domain verbal 0.370 (1.67) 0.150 (1.45) 0.990 (1.90) 0.364 (1.18)
Domain memory 0.005 (0.66) —0.015 (0.66) —0.092 (1.52) —0.227 (0.82)
Domain executive functioning 0.568 (1.66) 0.183 (1.23) 0.958 (1.29) 0.713 (0.80)
Domain attention —0.298 (1.53) —0.348 (1.81) 0.003 (1.08) 0.370 (1.79)
Domain speed 0.193 (2.01) —0.122 (1.50) 0.345 (2.01) 0.307 (1.02)
Domain motor 0.395 (1.05) —0.120 (1.79) 0.528 (1.26) 0.428 (1.19)
Domain learning 0.340 (1.15) 0.369 (1.12) 0.778 (1.44) 0.867 (1.34)
B: Corrected Estimated Difference in Composite and Domain Z-Scores
Type of Z-Score Z-Score Difference Estimate 95% CI P
Composite 0.152 —0.028 to 0.322 0.103
Domain verbal 0.118 —0.394 to 0.626 0.652
Domain memory —0.149 —0.149 to 0.208 0.414
Domain executive functioning —0.054 —0.363 to 0.256 0.735
Domain attention 0.368 0.023 to 0.714 0.041
Domain speed 0.371 0.084 to 0.657 0.014
Domain motor 0.364 —0.099 to 0.827 0.128
Domain learning 0.049 —0.504 to 0.603 0.859

All outcomes are shown as median (IQR).
CI, confidence interval.

Subsequently, due to a detected lesion in the brain on the
anatomical MRI, an additional patient was excluded leading
to randomization of 54 patients; 16 patients in the control and
38 patients in the switch group. Six patients did not have
a week-12 visit because of side effects (1 control and 1
intervention), technical issues with the MRI scanner, or
inability of the patient to comply with the time window of
12 weeks (Fig. 1). There was no significant difference
between the switch and the control group at baseline with
respect to age, years of education, and mean composite z-
score (Table 1). The mean age was 41.6 years (SD 6.1) for the
control group and 41.3 years (SD 6.7) for the switch group.
Mean years of education was 16.8 (SD 0.8) for the control
group and 16.2 (SD 1.7) for the switch group. Furthermore,
patients had a high mean level of education according to the
Verhage scale?’ (5.8 control and 5.5 switch) and scored well
on subjective measurements of quality of life and participa-
tion. Moreover, unemployment rate was low (12% and 3%).

NPA Group Analysis

The main study outcome was the change in NPA
composite Z-score for the switch group compared with the
control group. At baseline, there was no significant difference
in the mean composite Z-score between the control group
0.36 [interquartile range (IQR) 1.14] and the switch group
0.21 (IQR 1.04; P = 0.40). In addition, no significant
difference was found at baseline between the groups on the
7 cognitive domain Z-scores (Table 2A). After 12 weeks, the
mean composite Z-score for the control group improved to

el8 | www.jaids.com

0.67 (IQR 1.16) and for the switch group to 0.52 (IQR 0.83;
P = 0.40). Both groups improved, although not significantly,
on all domains except on the domain memory. Subsequently,
the difference in change at week 12 between the 2 groups was
assessed using a mixed model (Table 2B). No significant
improvement was found on composite Z-score for the switch
group compared with the control group (estimated Z-score
difference = 0.15; P value = 0.10). However, the switch group
improved significantly more than the control group on the
domains attention (estimated Z-score difference = 0.37,
P = 0.04) and speed of information processing (estimated
Z-score difference = 0.37, P = 0.01) (Figs. 2A, B).

NPA NC Analysis

As an addition to the group analysis, an analysis at
the individual level was conducted with the NPA scores of the
control group as a NC group. Five of 34 patients (15%) in the
switch group were found to improve significantly more on
their NPA as compared to the control subjects. These 5
patients differed from the rest of the group on age (44.6
versus 40.8, P = 0.049) and body mass index (27.8 versus
24.1, P = 0.02).

Questionnaires

To investigate subjective difference, outcomes of the
questionnaires were examined (Table 1). As shown in Table
1, according to the USER-P, a tool that measures a person’s
amount of participation in society, patients in both groups had

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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little to no restrictions in participation (switch: 98.5/100 and  change significantly (switch: 97.4 and control: 96.2, P =
control: 97.4/100, P = 0.45) and a high satisfaction with their =~ 0.68), and the score for satisfaction stayed high as well
ability to participate (switch: 76.3/100 and control: 71.4/100,  (switch: 78.2, control: 72.1, P = 0.23). The USER-P also
P =0.31). After 12 weeks, the score for restrictions did not measures the frequency of participation, which remained
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ESCAPE study
(48)

FIGURE 3. Choice of regime after 3
months of follow-up.

virtually the same from baseline to week 12 (switch: 41.5—
42.4 and control: 41.0-41.0, P > 0.05). A similar pattern was
seen while analyzing the SF-36, measuring different aspects
of quality of life. The mean score was above 70/100 on all
subdomains with no significant difference between groups or
between baseline and week 12 (Table 1). Finally, patients did
not show signs of depression or anxiety disorders according
to the HADS at baseline (mean score 5/21). This was not
significantly different between groups (switch: 5 and control:
7) and did not significantly change at week 12 (switch: 4 and
control: 6).

At baseline, patients had a T-score on the PROMIS
short forms for anxiety, depression, and sleep disorders of just
below 50 (48, 46, and 47, respectively), and just above 50 on
the short form for satisfaction with social roles (53). At week
12, the scores remained virtually the same (47, 46, 47, and 53)
without a significant difference between the switch and
control group at week 12.

Choice of Regime

After completion of the study, patients were asked
whether they wished to switch back to their original Atripla
(Fig. 3). Three months after discontinuation of the study, 74%
(25/34) of patients in the switch group were on a non—
efavirenz-containing regime versus 14% (2/14) of the controls
(P < 0.01). This was mostly due to a subjective improvement
in everyday life after switching from efavirenz noted by the
treating physician in the patient file. Patients who did not
experience a subjective change switched back to Atripla
(n = 9) because it is a more convenient STR without
a dietary restriction.

€20 | www.jaids.com

After 3 months of follow-up

2 (14%) \

randomization

switch to other regime

Control group (14) 12 (86%) continue on Atripla
|ntewer(1gg;1 group 21 (62%) continue on Eviplera
9 (26%) switch back to Atripla
4 (11%) switch to other regime
DISCUSSION

In this study, we aimed to investigate the effects of
efavirenz use in cognitively asymptomatic highly educated
HIV-infected patients. We found an objective improvement in
2 domains of cognitive functioning on the group level in
those patients switching from Atripla to Eviplera. At an
individual level, in 15% of the patients, performance on the
NPA was significantly improved after switching. Moreover,
74% of patients experienced a subjective improvement,
represented in their choice of regime after study completion.

The objective improvement on switching to efavirenz
was significant in the cognitive domains attention and speed
of information processing. This is consistent with previous
literature investigating the effect of HIV on the brain.?®2° An
explanation for the fact that the most apparent effect was seen
in these domains is that the subtests used for these 2 domains
were the most challenging tests or timed tests. These tests do
not have ceiling effects and, as such, are more sensitive to
changes at the level of performance more than impairment. It
is therefore likely that these tests are the most sensitive for
detecting cognitive issues, and subsequently, the tests that
show the first signs of cognitive decline. It is conceivable that
patients who already struggle with cognitive complaints are
the first to report negative cognitive effects of ART.
Therefore, cognitive decline associated with efavirenz might
be underreported when it is compensable in patients with
sufficient cognitive reserve capacity, as might well be the case
in our study sample. Previous studies have suggested a brain
reserve theory for cognitive decline in HIV patients, pro-
posing a negative effect on the brains’ reserve capacity that is
addressed when handling complex or challenging cognitive
demands.3%3! In this study, the effect of switching efavirenz

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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was largest on the more complex tests, which is in line with
the brain reserve theory as well.

The next question is then how to distinguish within this
total group of asymptomatic patients those who would
cognitively benefit from switching versus those who would
not. The fact that patients do not always report cognitive
complaints poses a challenge for physicians treating HIV
patients because they can not trust on the patients’ clinical
presentation to identify which group of patients would
benefit. Importantly, individual analyses using NC identified
a small but significant subgroup of 15% of the patients (5/34)
who would particularly benefit from discontinuing efavirenz.
In addition, no discriminatory clinical parameters were found
that could identify these patients beforechand. There was also
a discrepancy between the amount of patients with a sub-
jective improvement and with an objective improvement.
Even with Eviplera’s dietary inconvenience, the majority of
patients in the switch group chose to stay on Eviplera rather
than switch back to Atripla as was reported by their treating
physician in the patients’ hospital file in the 0-3 months after
completion of the study. It is important for future research to
identify those patients at risk of efavirenz-induced negative
effects on cognition because Atripla is currently generically
available and therefore less expensive compared with non-
generic cART in Western countries. More importantly, it is
the drug of choice in most resource-limited settings, where
the greater part of the HIV-infected population lives. Also,
recent evidence suggests that efavirenz is not the only ART
with negative neurocognitive effects. For instance, several
studies have now demonstrated that neuropsychological and
cognitive complaints appear frequently in dolutegravir and
other members of the group of integrase strand transfer
inhibitors as well.3>-3# This, together with the fact that this
study showed that a negative effect can exist even in
asymptomatic patients with assumed large cognitive reserve
capacities, makes it sensible to investigate the matter of cART
neurotoxicity further, to see if it is justified to empirically
switch patients off ART with known neurocognitive
side effects.

Studies on the effect of efavirenz on neurocognition
using an NPA are hampered by methodological issues in
particular to the extent of the used NPA. For example, in the
earlier mentioned studies in cognitively asymptomatic HIV-
infected patients on efavirenz, Payne et al used only 6 subtests
and Tiraboschi et al only 3.'%!° The current study used 14
internationally established neuropsychological tasks. Further-
more, this study uses strong methodological criteria to keep
bias to a minimum. First, unlike previous studies, this study
used a control group of patients remaining on Atripla. In this
study, the control group improved on the NPA as well, albeit
less than the switch group. This can be explained by a learning
effect from performing an NPA for the second time. Previous
studies who did not use a control group could have mistaken
this learning effect for an improvement. Second, this study
used a highly comparative antiretroviral drug as comparator
for the switch group, namely Eviplera. Eviplera was chosen
because it has the exact same backbone as Atripla, and a third
agent in the same class as Efavirenz. And, although Eviplera
has a dietary restriction and Atripla does not, the alternative,

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

switching to a different drug class, will lead to differences in
metabolism, the necessity for a booster, or multiple drug
intake moments a day, creating an even bigger bias for the
study. There are several limitations to this study. First, we
studied patients who had been stable on efavirenz for a mean
of 57.8 months, representing a group of patients who appear
to tolerate the drug for long periods. The results in this group
might henceforth be an underestimation of the degree or
nature of neurocognitive decline of all patients on efavirenz.
Second, the main outcome variable used in this study was
a composite Z-score. Although this is a sensitive and broadly
used outcome measurement, it does not take into account any
sum to zero effects where negative and positive results cancel
each other out, unlike for instance the global deficit approach.
However, by also doing subanalyses on domain scores, and
a NC analysis that uses a multivariate approach to NPA
outcomes, this study sufficiently minimized this pitfall.

In conclusion, discontinuing efavirenz resulted in a sub-
jective and objective improvement in neurocognitive func-
tioning in a group of asymptomatic, high-functioning HIV
patients. Discrepancies in subjective and objective results
make it difficult to select patients who would benefit from
a switch.
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