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Abstract

Neuropsychiatric adverse events (NPAEs) observed with the integrase strand transfer inhibitor (INSTI)
dolutegravir (DTG) are usually mild to moderate. The most prevalent symptoms are insomnia and sleep
disorders, but the spectrum also includes dizziness, anxiety, depression, headache, paraesthesia, muscle-
skeletal pain, poor concentration, and slow thinking. In recent cohort studies involving >6400 patients in
different countries, discontinuation rates due to NPAEs were observed in around 3.5% (range, 1.4-7.2%) of
subjects treated with DTG. These rates have been higher than those seen in randomized clinical trials and
were also higher than with other INSTIs such as elvitegravir or raltegravir. Elderly, female patients and those
who initiate abacavir simultaneously appear to be more vulnerable in some cohorts. It remains unclear if
NPAEs are driven by an increased DTG exposure. With heightened awareness of health-care providers and

patients, reports of NPAEs will probably increase in the future. (AIDS Rev. 2019;21:4-10)
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most prevalent symptoms were insomnia and sleep
disorders, but the spectrum also included dizziness,
anxiety, depression, headache, paraesthesia, muscle-
skeletal pain, poor concentration, and slow thinking.
Although usually reversible and non-serious, these

|ntroduction

During recent years, growing data from different co-
hort studies from European countries and Canada have

suggested that the integrase strand transfer inhibitor
(INSTI) dolutegravir (DTG) is associated with a hetero-
geneous pattern of neuropsychiatric adverse events
(NPAEs). NPAEs were seen both in treatment-naive and
treatment-experienced HIV-infected patients’'2. The

Correspondence to:

Christian Hoffmann

ICH Stadtmitte, Glockengiesserwall 1
20095 Hamburg, Germany

E-mail: hoffmann @ich-stadtmitte.de

NPAEs may lead to DTG discontinuation in a noticeable
proportion of patients, contrasting the experiences
made in randomized clinical trials (RCTs)™. It, there-
fore, seems prudent to summarize current knowledge
on this phenomenon.
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Table 1. Cohort studies focusing on dolutegravir tolerability in clinical practice, numbers indicate AEs and NPAEs, leading

to dolutegravir discontinuation (D/C)

Country n FU, ART All AEs NPAE D/ IR/100 Risk factors associated with
days naive (%) D/C (%) Cs (n) (%) PY AE-related discontinuation

taly’ 295 258 18 5.4 1.4 (4) n.s. Older age, being naive for ART

[taly? 173 189 0 9.2 3.5 (6) n.s. Female gender, abacavir use

France® 555 n.s. n.s 7.0 3.1(17) n.s. Abacavir use

France* 239 336 0 8.4 3.8 (9) n.s. n.s.

Spain® 275 288 13 10.2 7.2 (20) 9.8% Abacavir use

Netherlands® 556 225 18 13.7 5.62 (31) n.s. Abacavir use

Switzerland’ 1950 n.s. 17 3.8 1.7 (33) 1.8% Female sex

Germany® 985 345 21 6.8 5.0 (49) 5.6% Older age, female gender,
abacavir use

Canada® 519 720 12 52 3.5 (18) 3.0% Prior AE

France™® 517 n.s. 6 10.6 5.4 (28) n.s. Older age (females), high
BMI (males), high CD4 T-cells

UK™ 129 165 n.s 2.3 2.3 (3) n.s. n.s.

Spain'? 212 170 69 3.4 3.3(7) 3.4% Older age (any AE)

Total 6405 3.5 (225)

aOnly sleep disturbances and insomnia. Total NPAE incidence was higher as multiple different NPAEs were reported in several
patients. N.s: not stated, FU: median follow-up, NPAEs: neuropsychiatric adverse events

Incidence of NPAEs

In clinical cohort studies, the incidence rates of all
drug-related AEs leading to DTG discontinuation var-
ied between 2.3% and 13.7%. A considerable propor-
tion was declared to be neuropsychiatric, leading to a
total incidence of discontinuation due to NPAEs of
3.5% (range, 1.4-7.2%, Table 1). This high variability
may derive not only from a lack of definition or diag-
nosis of every NPAE, different patient populations, or
length of follow-up but also from differences in aware-
ness and management of NPAEs. An ltalian group
recently showed that discontinuation rates due to sleep
disturbances can be reduced when DTG is taken in
the morning'®. However, it can be assumed that the
“true” incidence of both transient and persistent NPAEs
in subjects receiving DTG is higher than 3.5%. In most
clinical cohorts, the rates of NPAEs reported were lim-
ited to those disturbing enough to lead to drug
discontinuation.

NPAEs with DTG may be unspecific, comprising
vague feelings such as “foggy brained,” “tetchy,” or
“prone to tears.” Those events are often not written in

electronic records or even considered drug related by
the patients themselves and thus are commonly not
captured with retrospective studies checking the elec-
tronic medical records or in prospective RCTs without
specific questionnaires. With heightened awareness of
health-care providers and patients, reports of NPAEs
will probably increase in the future.

What is the reason for the discrepancy
between RCTs and clinical routine?

In seven RCTs in treatment-naive (SPRING-1,
SPRING-2, SINGLE, FLAMINGO, ARIA, GS-1489, and
GS-1490) with 2117 subjects treated with DTG, the
rates of NPAEs leading to DTG cessation were usually
<1% within the 15! year. The evidence from RCTs in
treatment-naive patients is, therefore, robust. However,
patients participating in RCTs may differ substantially
from broader treated populations, as a consequence
of explicit exclusion criteria and subtle recruitment bi-
ases. Limitations in access to health-care resources or
limited treatment options may also motivate patients to
continue an antiretroviral regimen in an RCT, even in
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the presence of tolerable side effects. Predefined stop-
ping criteria may also discourage premature discon-
tinuations in cases of mild-to-moderate AEs. This may
explain the discrepancy in the overall rates of AEs
between RCTs and in the experiences made in clinical
routine.

It should be noted that NPAEs not leading to discon-
tinuation have been observed in all RCTs in a signifi-
cant number of subjects. In a recent meta-analysis of
all RCTs with DTG, there was a significantly higher risk
of Grade 1-4 insomnia for DTG versus other antiretro-
virals (6.1% vs. 4.5%, p = 0.02) but no differences with
suicidality?®. In SPRING-1, SPRING-2, and SINGLE, the
rates of sleep disturbances were 2%, 5%, and 23%.
The corresponding rates for dizziness of any grade
were 3, 6, and 9%, respectively?®. Not surprisingly, the
higher prevalence of insomnia and dizziness observed
in the SINGLE study was attributable to the double-
blind design versus efavirenz, with a specific targeted
questionnaire repeated at every visit that had not been
used in other trials, leading patients and treating phy-
sicians to increased awareness to NPAEs'"?4,

Treatment-experienced patients: Higher
rates of NPAEs

Compared to treatment-naive patients, more AEs
and NPAEs were reported in four open-label Phase |l
trials (SWORD1 and 2, STRIIVING, and NEAT022)
evaluating the efficacy and safety of switching to DTG
in patients with stable viral suppression on ART#?7 . In
the SWORD1 and 2 RCTs, the total rates of any drug-
related AEs were 19% with DTG plus rilpivirine, com-
pared to only 2% in the triple-drug continuation arms.
The rates for NPAEs leading to withdrawal at 48 weeks
were 1.6 versus 0.2%%. In the STRIIVING RCT, switch
to DTG/abacavir/lamivudine was associated with a total
drug-related AE rate at 24 weeks of 21%, compared to
1% in patients remaining on their regimen, and any
NPAE in 13% versus 3%%. AEs leading to withdrawal
were observed in 4% versus 0%, respectively. Finally,
the NEAT022 RCT of switch from boosted protease
inhibitor- to DTG-based regimens reported AEs, lead-
ing to withdrawal in 4.2% versus 1.4% in DTG and
control arms, respectively. Mood disturbances or in-
somnia were the cause of DTG discontinuation in
3.1%%". In these four RCTs, a total of 29/1202 (2.8%)
subjects have experienced NPAEs, leading to with-
drawal of DTG during the 1%t year of exposure.

Undoubtedly, open-label switch studies are exposed
to physician awareness bias and are expected to

reveal higher numbers of AEs due to the inclusion of a
control arm that maintains the current stable regimen
that has been presumably well tolerated. However, the
rates of NPAEs in these open-label RCTs come close
to the experiences made in clinical cohorts.

Potential risk factors

In a German cohort of almost 1000 patients exposed
to DTG, a significantly higher incidence of NPAEs was
found in older and female patients®. This has also been
observed by some but not all cohort studies (Table 1).
An RCT specifically done in females did not identify
higher rates of NPAEs™. Female and older patients
may be associated with disparities in pharmacokinet-
ics/pharmacodynamics. In elderly patients, reductions
in renal and hepatic clearance may lead to an increase
in volume of the distribution of lipid-soluble drugs.
There is no evidence that other factors such as a spe-
cific ethnicity or the presence of psychiatric disorders
are associated with a higher risk for NPAEs.

In a single-center study of 861 patients who had
initiated DTG outside RCTs since 2014, there were
155 patients (18.0%) with preexisting depressive dis-
orders and 55 patients (6.4%) with other neuropsychi-
atric diagnoses. These patients were not at higher risk
for DTG discontinuation due to NPAEs than patients
without neuropsychiatric diagnoses?®. In a US cohort,
subjects receiving DTG or raltegravir were more likely
to have a history of psychiatric diagnosis at baseline
but were not more likely to experience NPAES'S,

Is there a genetic predisposition?

It is still unclear whether a genetic predisposition
could modulate an individual’s susceptibility to experi-
ence NPAEs with DTG or other INSTIs. In a Japanese
study, subjects carrying specific UGT1A1 gene poly-
morphisms such as UGT1A1*6, UGT1A1*28, or both
alleles showed a positive association between DTG
exposure and cumulative incidence of selected
NPAEs?. Up to now, this is the only study reporting on
an association between specific gene polymorphisms
and the incidence of NPAEs seen with DTG.

Are NPAEs associated with higher drug
exposure?

There is disagreement over whether this a higher
DTG exposure correlates with NPAEs. During recent
years, several studies observed an association
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between pharmacogenetic variants linked to DTG me-
tabolism and increased plasma concentrations®®-3',
The above-cited study from Japan reported on an
association between DTG plasma trough con-
centrations and NPAEs™. At least one “central nervous
system (CNS) side effect” was observed in 41 of
162 patients (25%) including dizziness, headache, in-
somnia, restlessness, and anxiety. Patients with NPAEs
showed higher trough DTG plasma concentrations.
However, the number of patients with NPAEs was rela-
tively low in this study and it remained unclear how
NPAEs had been assessed. In another small study
from France, DTG trough levels were significantly
higher in patients with NPAEs'™. These preliminary
findings would suggest that NPAEs are driven by in-
creased drug exposure.

A recent pharmacokinetic study found higher drug
exposure for DTG in older patients® which may explain
the higher event rate in elderly patients. Older people
(>60 years) had significantly higher DTG plasma Cmax
levels but not C24, AUC0-24, or t1/2%. However, PK
DTG parameters were not associated with sleep or
cognition changes in this study. More recently, a case
report showed that therapeutic drug monitoring might
be useful in individuals expressing unusual DTG phar-
macokinetics®®. However, a retrospective analysis of
DTG plasma levels from frozen samples found no as-
sociation between plasma levels and risk of discon-
tinuation due to NPAEs?. Finally, an open-label Phase
Il study using a double dose of DTG (50 mg BID) did
not report a higher rate of NPAEs, suggesting a lack
of association between higher exposure to DTG and
development of NPAEs®,

Coadministration of other drugs

There are conflicting data whether a higher NPAE
rate is seen with the coadministration of other drugs. In
the German cohort, the risk for DTG discontinuation was
2-fold higher when abacavir was initiated simultane-
ously. This has been confirmed by some, but not all
cohort studies (Table 1). It remains debatable whether
the current data are sufficient to exclude a drug-to-drug
interaction between abacavir and DTG*%. Beside in-
teractions, nucleoside reverse transcriptase inhibitors,
particularly zidovudine and abacavir, may also cause
CNS manifestations including mania and psychosis®.

Other drugs than abacavir must also be considered.
For example, atazanavir significantly inhibits DTG
metabolism by inhibition of the UDP-glucuronosyltrans-
ferase, resulting in a 2-—4-fold increase in drug

disposition compared with other antiretroviral drugs®.
Cobicistat also significantly increases DTG trough con-
centrations, possibly by a higher degree of inhibition
of the intestinal efflux transporter P-glycoprotein, ulti-
mately resulting in increased DTG absorption3®. How-
ever, there are no data that coadministration of agents
such as atazanavir or cobicistat could influence the
risk of NPAEs with DTG.

Could physician awareness play a role in
the claim of NPAEs to DTG?

In people living with HIV, psychiatric symptoms and
disorders are more prevalent than in the general pop-
ulation. Psychiatric diseases represent a risk for HIV
acquisition and HIV infection itself may not only in-
crease the risk of developing but also aggravate sev-
eral psychiatric conditions*?. Clinicians must be vigilant
and familiar with these NPAEs and try to attribute them
to DTG or the background personality traits.

Once a warning is launched regarding a potential
association between a drug and NPAEs, physicians
prejudice to associate frequent NPAEs with that given
drug may facilitate discontinuation of that drug. This
may occur at a physician or at a center level, and it is
difficult to explore. This bias by treating center has
been identified by Llibre et al. (in press) but not by
Hoffmann et al. However, the later cohort included only
two centers and a lower number of subjects and
events®,

Possible mechanisms of NPAEs

What are the precise mechanisms underpinning the
neurotoxicity associated with DTG, whether or not as-
sociated with higher drug levels? As integrase func-
tions are unique to retroviruses, its inhibition should not
hamper the normal operations in human cells. INSTIs
do not inhibit any human DNA polymerase significant-
ly nor do they inhibit any tested enzyme activity, trans-
porter, or receptor-ligand assays. Thus, a precise
mechanism can be only speculated at this time.

For efavirenz, several potential mechanisms may ex-
plain the well-known neurotoxicity of this antiretroviral
agent. These include altered calcium homeostasis,
decreases in brain creatine kinase, mitochondrial dam-
age, increases in brain proinflammatory cytokines, and
involvement of the cannabinoid system*!. However, the
observation made in a small pilot study that almost all
patients experiencing efavirenz-associated NPAEs
showed improvement after switching from efavirenz to
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DTG, argue against similar pathogenic pathways*. It
remains unclear if there is a direct neuronal toxicity of
DTG and other INSTIs and if this toxicity, if existent,
results in NPAEs, and/or neurological impairment.

Are NPAEs a class effect of INSTIs?

Based on the current data, it cannot be excluded
that NPAEs represent a class effect of all INSTIs. Com-
pared to elvitegravir and raltegravir, DTG exhibits a
lower intersubject pharmacokinetic variability?®® and a
slower dissociation from integrase DNA complexes®.
Moreover, the current data suggest a free passage
across the blood-brain barrier*. It is unknown if a
lower CNS drug exposure with elvitegravir or raltegra-
vir mitigates potential neurotoxicity of these INSTIs. In
a German cohort study, some NPAEs have also been
attributed to elvitegravir and raltegravir, though to a
lesser extent compared to DTG®. Cohort studies from
France, Spain, and Canada which compared the NPAE
incidence rates of DTG and other INSTIs have found
similar results. NPAEs were highest with DTG but were
also seen with elvitegravir or raltegravir*%'2. For ralte-
gravir, a small case series on exacerbation of depres-
sion with raltegravir exposure has been reported 1 year
after marketing approval®. The French pharmacovigi-
lance network found a significant association between
raltegravir and depression“®. Another case series sug-
gested an association between severe insomnia and
high concentrations of raltegravir’. However, results
from a large ongoing RCT in treatment-naive patients
did not yield any safety signal regarding AEs or NPAEs
with 1200 mg once daily versus 400 mg twice daily of
raltegravir®®.

Bictegravir, a new INSTI with structural similarity to
DTG, is coformulated with tenofovir alafenamide and
emtricitabine. It has gained marketing approval in Eu-
rope in June 2018. In three large double-blinded RCTs
in both treatment-naive and treatment-experienced pa-
tients, the rates of AEs leading to discontinuation and
the rates of NPAEs such as insomnia were comparable
between bictegravir and DTG?%2'4°, Data from clinical
cohorts are lacking.

Dolutegravir during pregnancy

Data on DTG during pregnancy remain limited. Do-
lutegravir crosses the placenta easily, resulting in infant
concentrations comparable to maternal plasma con-
centrations. However, a small PK study has recently
shown that maternal exposure to DTG is lower in preg-

nancy. Paired data demonstrated a 29% decrease in
AUC 0-24 in the third trimester compared with
postpartum®. Of note, the significant differences seen
between pregnancy and postpartum were in part due
to the higher than expected DTG exposures postpar-
tum. It remains unclear if mood changes postpartum
are aggravated with DTG exposure.

In April 2018, a potential early signal for an increased
prevalence of neural tube defects in association with
DTG-based regimens from the time of conception
came from the Tsepamo trial, a 4-year surveillance
program from Botswana®'. An unscheduled preliminary
analysis revealed that among 426 infants born to HIV-
positive women who had been taking DTG-based an-
tiretroviral therapy from the time of conception, four
(0.94%; 95% Cl 0.37%, 2.4%) had a neural tube de-
fect, compared to 14 (0.12%; 95% CI 0.07%, 0.21%)
of 11,300 infants born to women who had been ex-
posed to any non-DTG antiretroviral therapy from the
time of conception. The last updated prevalence of
neural tube defects associated with DTG exposure at
conception is 4/596 (0.67%, 95% CI 0.26% - 1.7%).
Although clearly more data are needed to confirm or
refute this signal (further data of the Tsepamo pro-
gramme are expected to be reported in March 2019),
these observations have already changed DTG policy
and recommendations in several African countries and
developed countries®.

What are the next steps?

Cohort studies should evaluate other INSTIs such as
raltegravir, elvitegravir but also newer INSTIs such as
bictegravir or cabotegravir. Patients who have discon-
tinued DTG or other INSTIs due to NPAEs should be
described more accurately, especially with respect to
concomitant therapies, previous psychiatric conditions,
time association with the start of the INSTI, and im-
provement after INSTI discontinuation. Sleep architec-
ture in PLWH and neuropsychological validated tests
would illustrate minor sleep disorders and subclinical
cognitive changes in asymptomatic patients on INSTIs.

A high background rate of many psychiatric condi-
tions among PLWH may hinder the detection of a
potential association between NPAEs and a given
drug. In our experience, many patients with NPAEs had
no prior psychiatric condition. Moreover, the vast ma-
jority of the patients who switched away from DTG due
to NPAEs had no tolerability problems with the subse-
guent antiretroviral regimen®.
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Conclusion

NPAEs with DTG seen in clinical routine care are
usually mild to moderate and rarely necessitate drug
withdrawal but could require drug discontinuation more
frequently than expected from RCTs, particularly those
with a double-blind design. Many questions remain
unresolved and should be addressed both by the man-
ufacturers and independent researchers. In the time of
modern ART regimens where patients can expect a
normal life expectancy in quantity and quality, patient’s
tolerability demands are increasing. Consequently,
even reversible and non-serious side effects deserve
further research, especially in an aging population that
faces an anticipated decade-long exposure to INSTIs.
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