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Background: Hypersensitivity reaction (HSR) and hepatotoxicity are rare, but potentially serious side-effects
of antiretroviral use.
Objective: To investigate discontinuations due to HSR, hepatotoxicity or other reasons among users of
dolutegravir (DTG) vs. raltegravir (RAL) or elvitegravir (EVG) in the EuroSIDA cohort.
Methods: We compared individuals �18 years and starting combination antiretroviral therapy (ART, �3
drugs) with DTG vs. RAL or EVG, with or without abacavir (ABC), between January 16, 2014 and January
23, 2019. Discontinuations due to serious adverse events (SAEs) were independently reviewed.
Results: Altogether 4366 individuals started 5116 ART regimens including DTG, RAL, or EVG, contributing
9180 person-years of follow-up (PYFU), with median follow-up 1.6 (interquartile range 0.7–2.8) years per
treatment episode. Of these, 3074 (60.1%) used DTG (1738 with ABC, 1336 without) and 2042 (39.9%) RAL
or EVG (286 with ABC, 1756 without). 1261 (24.6%) INSTI episodes were discontinued, 649 of the DTG-
containing regimens (discontinuation rate 115, 95% CI 106–124/1000 PYFU) and 612 RAL or EVG-contain-
ing regimens (173, CI 160–188/1000 PYFU). After independent review, there were five HSR discontinuations,
two for DTG (one with and one without ABC, discontinuation rate 0.35, CI 0.04–1.28/1000 PYFU), and three
for RAL or EVG without ABC (0.85, CI 0.18–2.48/1000 PYFU). There was one hepatotoxicity discontinuation
on DTG with ABC (discontinuation rate 0.18, CI 0.00–0.99/1000 PYFU).
Conclusion: During 5 years of observations in the EuroSIDA cohort independently reviewed discontinuations
due to HSR or hepatotoxicity were very rare, indicating a low rate of SAEs.
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Introduction
Integrase strand-transfer inhibitors (INSTIs) have
become key components of modern combination anti-
retroviral therapy (cART) to control HIV.1,2 Potent
new second generation INSTIs such as dolutegravir
(DTG), bictegravir, or cabotegavir, with high barriers
to resistance, few drug–drug interactions and good tol-
erability, have recently been introduced. DTG is now
widely recommended in both first- and second-line
ART regimens,3,4 including in the widespread rollout
of ART in low and middle income countries where
resistance to some non-nucleoside reverse transcriptase
inhibitors is increasing.5–7

Although DTG is generally well-tolerated, some
instances of rare serious adverse reactions, including
hypersensitivity reaction (HSR), hepatotoxicity and
severe skin rashes have been reported in early tri-
als,8–10 independent of HLA-B�5701-related HSRs to
the nucleotide reverse transcriptase inhibitor (NRTI)
abacavir (ABC)11 that is frequently co-formulated
with DTG.

In this post-authorization safety study, we moni-
tored the incidence of serious adverse events, as adju-
dicated by an independent review panel, due to HSR,
hepatotoxicity or severe skin rash, and discontinuations
for any reason, among users of DTG compared to
those taking raltegravir (RAL) or elvitegravir (EVG)
over 5 years in the EuroSIDA study.

Methods
EuroSIDA is a multinational prospective observational
cohort study which has systematically collected epi-
demiological, clinical, biological, and therapeutic data
for more than 23,000 persons living with HIV in 35
European countries, Israel and Argentina since 1994
(https://www.chip.dk/Studies/EuroSIDA).12

Individuals included were �18 years old and started
or switched to a new cART regimen consisting of �3
anti-retroviral drugs (ARVs) including DTG, RAL, or
EVG, with or without ABC. Baseline was the date of
first INSTI use after January 16, 2014, when marketing
authorization for DTG was granted by the European
Medicines Agency; regimens with RAL or EVG prior
to January 16, 2014 were not included. Individuals
were divided into four groups, those using DTG with
or without ABC, or another INSTI (RAL or EVG)
with or without ABC, and followed until they discon-
tinued the INSTI, their last clinic visit, or January 23,
2019. Individuals could be included in more than one
treatment group over time.

HSR was defined as either (A) an event where the
INSTI was discontinued due to hypersensitivity, ana-
phylactic reaction, allergic reaction or drug allergy

related to the INSTI, or (B) where two or more events
were reported from the following groups of symptoms:
rash, fever, gastrointestinal symptoms (nausea, vomit-
ing, diarrhea, abdominal pain), constitutional symp-
toms (lethargy, fatigue, malaise, myalgia, arthralgia,
general ill feeling), respiratory symptoms (dyspnea,
sore throat, cough, or chest X-ray changes), eosino-
philia or hepatic dysfunction, and where there was a
reasonable possibility of a causal relationship with
INSTI use. Hepatotoxicity, as possible drug-induced
liver injury (DILI), was defined as elevation of alanine
aminotransferase (ALT) concentration �5-fold above
the upper limit of normal (ULN, 40U/L), or ALT �3-
fold above ULN with simultaneous elevation of total
bilirubin to �2-fold above ULN (ULN for bilirubin
¼1.2mg/dL).13 Severe skin rash was defined as a
grade 3 or 4 skin rash according to the division of
AIDS AE toxicity grading scale.14

All discontinuations of DTG, RAL, or EVG and
discontinuation reasons were recorded and reviewed
by the Coordinating Center in Copenhagen. Any dis-
continuations where hypersensitivity (including allergic
reaction, anaphylactic reaction or any drug allergy
related to DTG or another INSTI) or liver toxicity
were suspected or the discontinuation reason unknown,
a case report form (CRF) was requested from the local
site to provide additional information. There was a
dedicated Endpoint Review Committee (ERC) of 12
independent clinicians. CRFs were reviewed by the
ERC coordinator and another ERC member to identify
any situations requiring full review. Suspected HSR,
hepatotoxicity, or severe skin rash events were adjudi-
cated by at least three members of the ERC who had
to agree whether the reported event met the study diag-
nostic criteria for a confirmed or probable INSTI-
related HSR, liver toxicity or rash. Disagreements
among reviewers were adjudicated.

For analysis, discontinuations were stratified
according to discontinuation reasons (verified serious
adverse events, and other reasons, including treatment
failure, toxicity, patient’s wish, physician’s decision,
treatment simplification, other reasons, or unknown).
Primary analysis was on-treatment. Rates of discontin-
uations were calculated as the number of discontinua-
tions divided by person-years of follow-up (PYFU).
Where there were <20 discontinuations, exact confi-
dence intervals were used.

For multivariable modeling of discontinuation rates,
we considered time-updated characteristics.
Confounding and effect modifying factors that were
significant in univariate analyses (p< 0.1) were
included in multivariate models, as well as treatment
group and whether the patients were antiretroviral
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naïve at starting the regimen. Excluded variables were
added in turn to determine if their inclusion improved
the fit of the model (defined as a significant reduction
in the log-likelihood).

Analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

Results
During five years of observation from January 16, 2014,
4366 individuals started a new INSTI-containing regi-
men, of which 2711 started DTG (1545 with ABC,
1166 without) and 1655 started RAL or EVG (239 with
ABC, 1416 without, Supplemental Table S1).
Individuals starting an INSTI had a median age of
50.9 years (IQR: 43.9–56.2) and were mainly male
(n¼ 3215; 73.6%) and of white ethnicity (n¼ 3587;
82.2%). Most individuals starting a new INSTI regimen
had viral loads <400 copies/ml and �350 CD4 T-cells/
ml. Fewer than 4% were ART-naïve and 82.2% were
integrase inhibitor-naïve. In an analysis of INSTI use
and discontinuations stratified by sex, women were
younger at baseline, more women were of non-white or
unknown ethnicity, 32.5% acquired HIV through

intravenous drug use and 58.1% through heterosexual
sex, with heterogeneity between treatment groups (see
Supplemental Table S2). A larger proportion of women
than men started their first INSTI regimen with unsup-
pressed viral load or low CD4 cell counts.

Individuals started 5116 INSTI-containing ARV
regimens (note that some individuals took multiple
regimens during the 5-year study period), of which
3074 were with DTG (1738 with ABC, 1336 without)
and 2042 with RAL or EVG (286 with ABC, 1756
without), with altogether 9180 PYFU of INSTI use
(median 1.6, IQR 0.7–2.8 years/person). Overall, 3760
individuals (86.1%) contributed only one INSTI epi-
sode, 494 (11.3%) used two different INSTI regimens
and 112 (2.6%) had three or more INSTI episodes.
One thousand two hundred and sixty-one INSTI use
episodes (24.6%) were discontinued, of which 349
were for DTG with ABC, 300 for DTG without ABC,
and 612 for RAL or EVG (98 with ABC and 514 with-
out ABC) (Table 1). The discontinuation rate for any
reason for DTG was 115 (95% CI 106–124)/1000
PYFU and for RAL or EVG was 173 (CI 160–188)/
1000 PYFU (p< 0.0001).

Table 1. Discontinuations of DTG or other INSTIs, and reasons for discontinuation.

Total
DTG RAL or EVGa

With ABC No ABC With ABC No ABC
n (%) n (%) n (%) n (%) n (%)

Number of individuals (% of total) 4366 (100) 1545 (35.4) 1166 (26.7) 239 (5.5) 1416 (32.4)
Total number of INSTI use

episodes (% of episodes)
5116 (100) 1738 (34.0) 1336 (26.1) 286 (5.6) 1756 (34.3)

Total PYFU (% of PYFU) 9180 (100) 3204 (34.9) 2445 (26.6) 493 (5.4) 3038 (33.1)
PYFU/episode (median and IQR) 1.6 (0.7, 2.8) 1.7 (0.7, 2.8) 1.8 (0.7, 3.0) 1.3 (0.5, 2.7) 1.5 (0.7, 2.6)
Discontinuations
Number of discontinuations (%

of episodes)
1261 (24.6) 349 (20.1) 300 (22.5) 98 (34.3) 514 (29.3)

Discontinuation reasons
as n (% of discontinuations)

Verified HSRb 5 (0.4) 1 (0.3) 1 (0.3) 0 (0.0) 3b (0.6)
Verified hepatotoxicity 1 (0.1) 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)
Verified severe skin rash (not HSR) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Treatment failure 45 (3.6) 7 (2.0) 8 (2.7) 4 (4.1) 26 (5.1)
Toxicity total 307 (24.3) 121 (34.7) 79 (26.3) 12 (12.2) 95 (18.5)

of which:
Abdomen/gastro-intestinal tract 67 (5.3) 33 (9.5) 12 (4.0) 3 (3.1) 19 (3.7)
Nervous system 125 (9.9) 50 (14.3) 42 (14.0) 6 (6.1) 27 (5.3)
Kidneys 39 (3.1) 12 (3.4) 12 (4.0) 2 (2.0) 13 (2.5)
Other toxicity 76 (6.0) 26 (7.4) 13 (4.3) 1 (1.0) 36 (7.0)

Patient's wish 210 (16.7) 57 (16.3) 60 (20.0) 11 (11.2) 82 (16.0)
Physician's decision 263 (20.9) 64 (18.3) 63 (21.0) 21 (21.4) 115 (22.4)
Treatment simplification 118 (9.4) 27 (7.7) 27 (9.0) 22 (22.4) 42 (8.2)
Other reasons 231 (18.3) 41 (11.7) 49 (16.3) 21 (21.4) 120 (23.3)
Unknown 81 (6.4) 30 (8.6) 13 (4.3) 7 (7.1) 31 (6.0)

Abbreviations: ABC, abacavir; DTG, dolutegravir; EVG, elvitegravir; HSR, hypersensitivity reaction; INSTI, integrase strand-transfer
inhibitor; IQR, inter-quartile range; PYFU, person-years of follow-up; RAL, raltegravir.

aRAL with ABC: 283 INSTI use episodes with 95 discontinuations among 236 individuals; RAL no ABC: 627 INSTI use episodes with
220 discontinuations among 521 individuals; EVG no ABC: 1129 INSTI use episodes with 294 discontinuations among 895
individuals.

bVerified HSRs were reported for one individual on RAL and two persons taking EVG.
cOther reasons include concern for comorbidities, dyslipidemia, abnormal fat redistribution, allergic reactions (not HSR), pregnancy-
related, and other treatment changes.
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After independent review, there were five discontin-
uations due to HSR, two for DTG (one with and one
without ABC, discontinuation incidence rate 0.35, CI
0.04–1.28/1000 PYFU), and three for RAL or EVG

without ABC (discontinuation incidence rate 0.85, CI
0.18–2.48/1000 PYFU, Figure 1(a)), none of which
were fatal. One HSR occurred in an individual aged
between 40 and 50 years and four were in individuals
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>50 years old, three were among men (one for DTG
without ABC, and two for RAL or EVG without ABC)
and two were among women (one for DTG with ABC
and one for RAL or EVG without ABC). Two individ-
uals with HSR had prior AIDS and two prior non-
AIDS clinical conditions, three had hypertension, three
were co-infected with hepatitis C virus and one with
hepatitis B virus. Four of the HSR events included gas-
tro-intestinal symptoms (nausea or vomiting), three
individuals experienced skin rash, one reported a fever
and one dyspnea. All except one of the events occurred
more than 1month after starting the INSTI. There was
one hepatotoxicity discontinuation in a woman treated
with DTG with ABC for >6months (discontinuation
incidence rate 0.18, CI 0.00–0.99/1000 PYFU).
Alanine transaminase and aspartate transaminase levels
were elevated to >10� the upper limit of normal
(ULN, 40U/L), while bilirubin was within the normal
range; symptoms resolved without sequelae after dis-
continuation of DTG. There were no discontinuations
for severe skin rash (Figure 1(a)).

The most common discontinuation reasons were for
toxicity (n¼ 307; 24.3%), physician’s decision
(n¼ 263; 20.9%), and other reasons (n¼ 231; 18.3%,
Table 1). Discontinuation incidence rates and adjusted
incidence rate ratios (aIRR) are shown in Figure
1(b,c). Among those who discontinued, more discon-
tinuations due to toxicity were reported for DTG com-
pared to the other INSTIs, but discontinuation rates for
toxicity were similar for RAL or EVG compared to
DTG (aIRR for RAL or EVG vs. DTG 0.89, CI
0.69–1.14, p¼ 0.35). After adjustment, there were
higher rates of discontinuation among users of RAL or

EVG for treatment failure, patient’s wish, physician’s
decision, treatment simplification and other reasons
(Figure 1(c)).

In addition to the DTG episodes reported above, we
also noted 492 episodes where DTG was used in
mono- or two-drug ART after January 2014, with
altogether 75 discontinuations (87 (CI 69–109) discon-
tinuations per 1000 PYFU), none of which were due to
HSR, hepatotoxicity or severe skin rash.

Discussion
In this 5-year post-authorization study, 4366 individu-
als started 5116 new cART regimens including an
INSTI with >9000 PYFU, of which >60% were with
DTG. Overall, there were 1261 discontinuations of
INSTI regimens, with discontinuation rates higher
among users of RAL or EVG compared to DTG. All
discontinuation reasons were verified by the study
sites, and, where relevant, sent for review by an inde-
pendent ERC. Discontinuations due to serious adverse
events were very rare, and included altogether five dis-
continuations due to HSR (two with DTG and three
with RAL or EVG), one discontinuation due to INSTI-
induced hepatotoxicity with DTG, and no discontinua-
tions due to severe skin rash. Thus overall we observed
fewer than one serious adverse event in >1800 person-
years of DTG or in >1100 person-years of RAL or
EVG use; the low number of serious events precluded
detailed analyses. Our results are in keeping with esti-
mates from clinical trials that suggested HSRs for
DTG were seen in <1% of persons treated.8–10

Likewise, there have been few reports of INSTI-related
serious adverse events in a number of post-licensing

3

Figure 1. Discontinuations of cART regimens with DTG (649 discontinuations during 5649 PYFU) or with other integrase
inhibitors (RAL or EVG, 612 discontinuations during 3531 PYFU). Rates of discontinuations (with 95% confidence intervals)
for independently reviewed hypersensitivity reaction (HSR), hepatotoxicity or severe skin rash events (a) or for other dis-
continuation reasons (b). Numbers of discontinuations and discontinuation incidence rates are shown on the right.
Discontinuation rates were similar for RAL or EVG, except that of 30 discontinuations for treatment failure with RAL or
EVG, 12 were for RAL (discontinuation rate 7.4 (95% CI 4.2–13.0)/1000 PYFU) and 18 for EVG (discontinuation rate 9.5
(6.0–15.0)/1000 PYFU). Similarly of 107 discontinuations for toxicity, 39 were for RAL (discontinuation rate 23.9 (95% CI
17.5–32.7)/1000 PYFU) and 68 for EVG (discontinuation rate 35.8 (28.2–45.4)/1000 PYFU), and of 64 discontinuations for
treatment simplification, 57 were for RAL (discontinuation rate 34.9 (95% CI 27.0–45.3)/1000 PYFU) and 7 for EVG (discon-
tinuation rate 3.7 (1.8–7.7)/1000 PYFU). (c) Adjusted discontinuations incidence rate ratios (IRRs) comparing discontinua-
tions of RAL or EVG-containing regimens with DTG discontinuations (reference). Models were adjusted for participant’s
characteristics at baseline (sex, ethnicity, risk group, region, ART naïve or INSTI naïve, prior use of PIs, NNRTIs or DTG,
EVG or RAL, the total number of ARVs previously exposed to, and time since first ARV use) or time-updated variables (age,
body mass index, smoking status, AIDS or non-AIDS clinical conditions, diabetes, hypertension, anemia, hepatitis B or C
virus co-infection, as well as current and peak viral load, current and nadir CD4 counts, estimated glomerular filtration rate,
ALT and AST levels and the proportion of follow-up time with low CD4 counts or high viral load). Factors that were signifi-
cant in univariate analyses (p<0.1) were included in multivariate models; excluded variables were added in turn to deter-
mine if their inclusion improved the fit of the model (Note: Due to low numbers of events, the aIRR for treatment failure was
only adjusted for sex, CD4 cell counts at baseline and ARV treatment naïve). Abbreviations: ALT, alanine aminotransferase;
ART, anti-retroviral therapy; AST, aspartate aminotransferase; DTG, dolutegravir; EVG, elvitegravir; HSR, hypersensitivity
reaction; INSTI, integrase strand transfer inhibitor; IRR, incidence rate ratio; NNRTI, non- nucleotide reverse-transcriptase
inhibitor; PI, protease inhibitor; PYFU, person-years of follow-up; RAL, raltegravir.
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observational studies,15–18 although some instances of
drug reaction with eosinophilia and systemic symp-
toms (DRESS) have been reported with RAL19 and in
one person on DTG,20 as have case reports of DTG-
related hepatotoxicity.21

While DTG is a common anchor agent in cART regi-
mens, two-drug formulations with DTG are also increas-
ingly common as part of drug simplification and NRTI-
sparing formulations and also recommended in clinical
guidelines.4,22 We noted a small number of episodes
where DTG was used in mono- or two-drug ART, of
which 15.2% were discontinued, indicating a lower rate
of discontinuations compared to the three-drug DTG
regimens. The low number of discontinuations precluded
further analysis, though it should be noted that none
were due to HSR, hepatotoxicity, or severe skin rash.

There were also altogether 1255 discontinuations of
INSTIs due to other or unknown causes (i.e. not HSR
or hepatotoxicity). In keeping with the high genetic
barrier for DTG even in the presence of pre-existing
INSTI resistance mutations,8,23 discontinuations due to
treatment failure were more common among uses of
RAL or EVG. While a lower proportion discontinued
DTG, among those who discontinued, discontinuations
due to toxicity were more common among those taking
DTG compared to RAL or EVG. One possible reason
was concerns about toxicity of the nervous system, as
has also been reported elsewhere.15,24,25 After adjust-
ment, the IRR for toxicity discontinuation was non-
significant in unadjusted and adjusted analyses. Other
common reasons for discontinuation included patient’s
wish, physician’s decision, and treatment simplifica-
tion, in agreement with other studies of INSTI use.15,26

Strengths of the study include the observational
design with participating clinical centers throughout
the European region and Argentina, comprehensive
ARV treatment records for participants and adjudica-
tion and verification of serious adverse events. There
are also limitations. As this is a non-interventional
observational study, treatment decisions were made by
the treating physician according to standard practice,
and therefore confounding by indication cannot be
excluded. EuroSIDA does not routinely collect infor-
mation on HLA-B�5701 genotype which carries a risk
for ABC-related HSR. As per local guidelines, HLA-
B�5701 genotype is checked at the clinics before pre-
scribing ABC. All the HSRs reported in this study
were adjudicated by the ERC as possible or definite
INSTI-related HSRs. Observations started when DTG
was licensed in January 2014, when some individuals
were already using RAL- or EVG-based regimens,
which were not included in this analysis.
Discontinuation reasons may differ for RAL or EVG,

but this study was not powered to assess these differ-
ences. We did not include use of bictegravir, which
was licensed in 2018, and which may have led to some
treatment switches. Although INSTI-containing ARV
regimens were available throughout the European
Region, use of DTG was rarer in Central East and East
Europe. While we endeavored to collect discontinu-
ation reasons whenever an INSTI-containing regimen
was discontinued, some reasons were not available.

In conclusion, in this real-world observational
cohort in Europe, discontinuation rates of INSTI-con-
taining cART regimens were higher among users of
RAL or EVG compared to DTG. After independent
review, discontinuations due to HSR or hepatotoxicity
in INSTI users were very rare, indicating a low rate of
serious adverse events.
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