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Abstract

Background Doravirine (DOR) is a newly approved antiretroviral belonging to the class of non-nucleoside reverse
transcriptase inhibitors (NNRTI), well tolerated and leading to an improved lipid profile in antiretroviral experienced
people living with HIV (PLWH). We aimed at evaluating if the lipid-lowering effect is linked to the drug class, using real-
life data from the SCOLTA cohort.

Methods We compared the lipid profile modifications in experienced PLWH switching to a DOR-based regimen from
rilpivirine or another NNRTI-based regimen or from an integrase strand transferase (INSTI)-based regimen. TO and T1
were defined as the baseline and 6-month follow-up respectively. Data were collected at baseline and prospectively
every six months and changes from baseline were compared using a multivariable linear model.

Results In 107 PLWH, enrolled in the SCOLTA DOR cohort, with undetectable HIV-RNA at baseline, 32.7% switched
from RPV-based regimens (DORT), 29.9% from other NNRTI-including regimens (DOR2) and 37.4% switched from
INSTl-including regimens (DOR3). At T1, TC significantly decreased in DOR2 (-15 mg/dL) and DOR3 (-23 mg/dL),

and significantly more in DOR3 than in DOR1 (-6 mg/dL) (p=0.016). HDL-C declined in DOR2 (-2 mg/dL) whereas it
increased in DORT (+3 mg/dL) (p=0.042) and remained stable in DOR3. LDL-C significantly decreased from baseline
in DOR2 (-12 mg/dL) and DOR3 (-22 mg/dL) and was different between DOR1 (-8 mg/dL) and DOR3 (p=0.022). TC/
HDL ratio showed a significant decline in the DOR3 group (-0.45), although similar to DOR1 (-0.23, p=0.315) and
DOR2 (-0.19, p=0.254). Triglycerides did not noticeably change. ALT significantly decreased in PLWH with a baseline
level >40 Ul/mL.

Conclusions PLWH on doravirine treatment showed different trends in blood lipids according to their previous
regimen. In PLWH switching from RPV, minimal modifications were seen, whereas in those switching from other
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NNRTIs and from INSTI-including regimens, we observed an overall improvement in lipid profile, seemingly

independent of the “statin effect” of TDF.

Keywords HIV infection, ART-experienced, Doravirine, Rilpivirine, Adverse events, Metabolic safety, Hepatic safety

Introduction

Doravirine (DOR) is a newly approved antiretroviral
belonging to the class of non-nucleoside reverse tran-
scriptase inhibitors (NNRTI). This agent seems well
tolerated both in antiretroviral (ART)-naive and ART-
experienced people living with HIV (PLWH), leading to
an improved lipid profile [1, 2].

DOR and rilpivirine (RPV), another second-generation
NNRTI approved in 2011, are generally considered safe
drugs, especially regarding cardiovascular impact [3-5].

As for hepatic safety, the NNRTIs were considered a
class at risk for aspartate aminotransferase (AST) and/
or alanine aminotransferase (ALT) elevation [6], with
first-generation NNRTIs such as nevirapine and efavi-
renz largely related to hepatic toxicity [7]. On the con-
trary, second-generation drugs (etravirine, RPV, and
DOR) seem generally safe for the liver, even in people co-
infected with hepatitis viruses [6, 8—10]. Regarding DOR,
until now serum aminotransferase elevations have been
reported in 13% of PLWH on regimens containing this
drug, but elevations above five times the upper limit of
normal are uncommon, occurring in 1% or less of people
[11]. DOR has not been linked to cases of acute hepati-
tis, acute liver failure, chronic hepatitis, or vanishing bile
duct syndrome [11].

Whereas for RPV and other NNRTIs the bulk of evi-
dence is substantial, as regards DOR both metabolic and
hepatic safety were mainly analyzed in phase 3 studies
[1, 2]. Thus, we used information from a real-life set-
ting to provide new data on these issues. To evaluate if
the lipid-lowering effect is linked to the drug class or
DOR-specific, we compared PLWH switching to a DOR-
based regimen from an RPV-including regimen, from
one including an NNRTI other than RPV (thus includ-
ing older NNRTIs, nowadays less frequently used in
real-world scenarios), and from integrase strand trans-
fer inhibitors (INSTI). Since information on the hepatic
safety of DOR is scarce, we also analyzed the ALT trend
during the first months of observation.

Methods

The SCOLTA (Surveillance COhort Long Term Toxic-
ity Antiretrovirals/antivirals) project is a multicenter
observational study established in 2002 and following
prospectively PLWH who start to take new antiretrovi-
ral drugs, to identify toxicities and adverse events (AEs)
in a real-life setting [12]. The SCOLTA project uses an
online pharmacovigilance program and involves 25 Ital-
ian Infectious Disease Centers (www.cisai.it). Briefly,

both ART naive and ART experienced PLWH aged 18
or more years, who start taking a newly marketed drug,
are consecutively asked to give written informed consent
and are then enrolled and included in the cohort for that
drug. At baseline, clinical data collected include sex, age,
ethnicity, weight, height, CDC stage, previous ART his-
tory, and information on comorbidities. Laboratory data
include HIV-RNA, CD4+T cell count, and biochemical
data, which are prospectively collected in anonymous
form in a central database. PLWH are followed up at a
6-month interval, and those who do not present to the
physician in more than 6 months leave the study and are
considered lost to follow-up. If individuals stop using the
cohort drug, they leave the study. AEs are collected pro-
spectively as soon as they are clinically observed.

The first participant was enrolled in the DOR cohort in
February 2020 and the enrolment is still ongoing. The last
individual included in the present analysis was enrolled
in May 2022.

The original study protocol was approved on 18 Sep-
tember 2002, and a new protocol amendment was
approved on 13 June 2013 by the coordinating center at
Hospital “L. Sacco”-University of Milan, Milan (Italy)
and thereafter by all participating centers. Written con-
sent for study participation was obtained from all par-
ticipants, and the study was conducted in accordance
with the ethical standards laid down in the 1964 Declara-
tion of Helsinki and its later amendments and by Italian
national laws.

Data were described using mean and standard devia-
tion (SD) for normally distributed continuous variables,
median and interquartile range (IQR) for not normally
distributed continuous variables, and frequency (%) for
categorical and ordinal variables. Intragroup change
from baseline was evaluated using the paired t-test. The
intergroup changes from baseline were compared using a
general linear multivariate model, where the age at study
entry, the initial level of the variable, the current regimen,
the concurrent use of lipid-lowering drugs, and TAF in
the previous regimen were included as confounders.

Results

We selected 107 experienced PLWH, enrolled in the
SCOLTA DOR cohort, with undetectable HIV-RNA at
baseline, and at least one visit after enrollment. PLWH
with protease inhibitors (PI) in the previous regimen
were excluded, based on the previous results which
showed that DOR had a better lipid profile compared to
PIs [1].
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Thirty-five (32.7%) switched from RPV-based regimens
(DOR1), 32 (29.9%) from other NNRTI-including regi-
mens (DOR2) and 40 (37.4%) switched from INI-includ-
ing regimens (DOR3). TO and T1 were defined as the
baseline and 6-month follow-up respectively.

The three groups did not significantly differ in terms
of sex (female 34.3% vs. 28.1% vs. 22.5%, p=0.52), eth-
nicity (Caucasian 94.3% vs. 93.0% vs. 87.5%, p=0.50),
and use of lipid-lowering drugs at baseline or during
the first 6 months of observation (25.7% vs. 21.9% vs.
22.5%, p=0.92). They differed in age (48.8 vs. 55.9 vs. 50.5
respectively, p=0.03) and risk factor for HIV acquisition
(past use of intravenous drugs 2.9% vs. 21.9% vs. 12.5%
respectively, p=0.02). Despite the higher prevalence
of HCV positivity in DOR3 subjects (25.0% vs. 5.7% in
DORI and 12.5% in DOR2, p=0.06), abnormal ALT lev-
els (>40 Ul/dL) were similar by group (Table).

Overall, in this study, 65.4% of PLWH were on lamivu-
dine (3TC)/ tenofovir disoproxil fumarate (TDF)/DOR,
14.0% on emtricitabine (FTC)/ tenofovir alafenamide
(TAF)/DOR and 20.6% on dual therapy with DOR/INSTI.

At baseline, mean high-density lipoprotein cholesterol
(HDL-C) was higher in DOR2 than in DOR1 and DOR3,
whereas total cholesterol (TC), TC/HDL-C ratio, low-
density lipoprotein cholesterol (LDL-C), and triglycerides
were similar or, at least, not significantly different (Table).

Changes from baseline were analyzed including the age
at study entry, the initial level of the variable, the cur-
rent regimen, the concurrent use of lipid-lowering drugs
and TAF in the previous regimen, as confounders for the
effect of the switch from RPV-based, other NNRTI-based
and INSTI-based regimens. At T1, TC did not change in
DOR1 (-6 mg/dL, 95% CI -18, +6), significantly decreased
in DOR2 (-15 mg/dL, 95% CI -26, -5) and DOR3 (-23 mg/
dL, 95% CI -32, -13), and significantly more in DOR3
than in DOR1 (p=0.016), whereas the difference between
DOR1 and DOR2 was not statistically significant
(p=0.235). HDL-C showed a more marked decline in
DOR2 (-2 mg/dL, 95% CI -6, +2) whereas it increased in
DOR1 (3 mg/dL, 95% CI -1, +8) (p=0.042) and remained
stable in DOR3 (0 mg/dL, 95% CI -3, +3). LDL-C sig-
nificantly decreased from baseline in DOR2 (-12 mg/
dL, 95% CI -22, -3) and DOR3 (-22 mg/dL, 95% CI -31,
-14) and was different between DORI1 (-8 mg/dL, 95% CI
-18, +3) and DOR3 (p=0.022). TC/HDL ratio showed a
marked decline in the DOR3 group (-0.45, 95% CI -0.75,
-0.15), however similar to DOR1 (-0.23, 95% CI -0.61,
+0.14) (p=0.315) and DOR?2 (-0.19, 95% CI -0.54, +0.16)
(p=0.254). Triglycerides did not noticeably change.

Then, we focused the analysis on 73 PLWH from non-
TDF including regimens, comparing the lipid variations
between 38 PLWH with TDF and 35 without TDF in the
current regimen. Modifications were statistically signifi-
cant in both groups as regards TC (-16 mg/dL, 95% CI
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-27, -4, without TDF vs. -28 mg/dL, 95% CI -38, -17, with
TDE, p=0.129 for comparison), TC/HDL ratio (-0.50,
95% CI -0.52, -0.17, and —0.43, 95% CI -0.72, -0.13,
respectively, p=0.744) and LDL-C (-16 mg/dL, 95% CI
-27, -6, and —24 mg/dL, 95% CI -32, -13, respectively,
p=0.391 for comparison). HDL-C and triglycerides did
not significantly vary in strata of current TDF use. Thus,
our findings revealed that, using a multivariate model
including the age at study entry, the initial level of the
variable, the current regimen, the previous regimen, and
the concurrent use of lipid lowering drugs, both people
who initiated TDF and those who did not, showed similar
decline in TC and LDL, and a better lipid profile, suggest-
ing an independent role of DOR.

In the DOR3 group, out of 34 PLWH not on a TAF-
including current regimen, 21 took TAF in the previous
one (pre-TAF) and 13 did not (no-TAF). We compared
them, using the multivariate model previously described.
In the current regimen, the proportion of people taking
TDF was similar (66.7% and 61.5% respectively). Com-
paring them, we found that TC declined in both groups
(pre-TAF —22, 95% CI -34, -9, vs. no-TAF —33 mg/dL,
95% CI -48, -17; p=0.276), as well as LDL-C (-27 mg/dL,
95% CI -37, -16, vs. -30 mg/dL, 95% CI -42, -16 respec-
tively; p=0.728). From a statistical point of view, TC/
HDL ratio decline was significant in the pre-TAF group
(-0.70, 95% CI -1.10, -0.31) and not significant in the
no-TAF group (-0.34, 95% CI -0.82, .+0.15), but the two
groups were not different (p=0.238).

In the main analysis (Table 1), HDL-C and triglycerides
changes from baseline were not statistically significant
and were similar between groups. As regards hepatic
safety, in subjects with normal baseline ALT (<40 UI/
dL), no groups showed a significant modification in
ALT. In those with altered baseline ALT levels, a decline
from baseline was observed in DOR3 (-26 UI/L, 95% CI
-42, -9, p=0.005), but no significant difference emerged
among groups.

The median time of observation was 12 months (IQR
6-—17). Overall, 7 (6.5%) people interrupted the DOR
treatment during the first year of observation, 6 because
of adverse events (AE) (3 muscle-skeletal, 2 central ner-
vous system, 1 gastrointestinal), and 1 because of virolog-
ical failure (switched from an RPV-based regimen).

Discussion
In a real-life context of ART-experienced PLWH, who
switched to DOR-containing regimens, we found a gen-
eralized improvement of lipid profile, more marked in
those who switched from INSTI and NNRTIs other than
RPV regimens.

Long-term efficacy and safety of 3TC/TDE/DOR were
reported in the context of a trial [13], where reductions
in fasting lipids were observed at 24 weeks after the



Maggi et al. BMC Infectious Diseases (2023) 23:227

Page 4 of 6

Table 1 Baseline values and 6-month follow-up modifications (DOR1: on doravirine switched from rilpivirine-based regimens; DOR2:
on doravirine, switching from other NNRTI-containing regimens, DOR3: on doravirine, switching from INSTI-containing regimens)

Variable DOR1 DOR2 DOR3 p*
n=35 n=32 n=40

Current regimen, n (%) 31 (88.6%) 17 (53.1%) 22 (55.0%) 0.006

3TC/TDF/DOR 3(8.6%) 7(21.9%) 12 (30.0%)

Dual with INSTI 1(2.9%) 8 (25.0%) 6 (15.0%)

FTC/TAF/DOR

TAF in the previous regimen, n (%) 5(14.3%) 6 (18.8%) 26 (65.0%) <0.0001

Blood lipids

Total cholesterol, mg/dL

Baseline, mean+SD 18140 203+44 199+46 0.079

T1-T0, mean (95% Cl) -6 (-18,+6) -15(-26, -5) -23(-32,-13) 0.053

HDL-cholesterol, mg/dL

Baseline, mean+SD 46+13 55+14 49+16 0.020

T1-T0, mean (95% Cl) 3(-1,+8) -2(-6,+2) -0(-3,+3) 0.059

Total cholesterol /HDL-cholesterol

Baseline, median (IQR) 4.0 (3.6-4.7) 36(3.1-4.5) 4.1 (3.4-49) 0.339

T1-T0, mean (95% Cl) -0.23(-0.61,+0.14) -0.19(-0.54, +0.16) -0.45 (-0.75,-0.15) 0435

LDL-cholesterol, mg/dL

Baseline, mean +SD 11034 119+37 120+42 0.530

T1-T0, mean (95% Cl) -8(-18 +3) -12(-22,-3) -22(-31,-14) 0.055

Triglycerides, mg/dL

Baseline, median (IQR) 121 (75-145) 107 (89-152) 120 (99-200) 0.156

T1-TO, mean (95% Cl) -9(-38,+18) -19(-43, +6) -8(-30,+14) 0.791

Liver enzymes

ALT <40 Ul/L atTO, n (%) 29 (82.9%) 27 (84.4%) 30 (75.0%) 0.550

Baseline, median (IQR) 21(19-27) 19 (14-26) 19 (15-26) 0.586

T1-T0, mean (95% Cl) -2(-7,+2) 1(-3,+6) 2(-1,46) 0211

ALT>40 UI/L atTO, n (%) 6 (17.1%) 5 (15.6%) 10 (25.0%) 0.550

Baseline, median (IQR) 50 (45-63) 49 (42-74) 80 (51-91) 0.260

T1-T0, mean (95% Cl) -18(-44, +7) 10(-16,+37) -26 (-42,-9) 0.084

3TC: lamivudine; ALT: alanine aminotransferase; Cl: confidence interval; DOR: doravirine; FTC: emtricitabine; HDL: high density lipoprotein; INSTI: integrase strand
inhibitor; IQR: interquartile range; LDL: low density lipoprotein; TAF: tenofovir alafenamide

Bold: change from baseline p<0.05.

* chi-square test, Mann-Whitney test, or analysis of variance, as appropriate. Changes from baseline were compared among groups using a multivariable linear
model including the age at study entry, the initial level of the variable, the current regimen, the concurrent use of lipid lowering drugs and TAF in the previous

regimen.

switch and maintained through week 144. Our results
confirmed that a better lipid profile was achieved dur-
ing DOR-based treatment, even accounting for TDF use
in the regimen. Moreover, limiting the analysis to those
not on TDF in the previous regimen, we observed that
TC and LDL-C declined both in people with and without
TDF in the current regimen, suggesting an independent
effect of DOR in the improvement of lipid profile.

It is well known that TDF could have an independent
lipid-lowering effect determining significant decreases in
fasting total cholesterol and low-density lipoprotein [14—
16]. Improvement in lipid profiles has also been described
with TDF compared to other agents in clinical trials [17,
18] and observational studies [19]. Such improvements
were also observed in other populations such as HIV-
negative men on pre-exposure prophylaxis (PrEP) with
TDF/FTC [20] and individuals with chronic hepatitis

B treated with TDF [21]. In our sample, we found that,
although a more marked decline was observed in PLWH
on TDF-including regimen, lipid profile also improved in
PLWH on INSTI/DOR and FTC/TAF/DOR, supporting
an independent role of DOR. Lastly, in the DOR3 group,
we observed that PLWH who withdraw TAF showed a
notable improvement in the lipid profile, but even those
on a previous regimen without TAF showed a decline in
TC and LDL-C, irrespective of TDF presence in the cur-
rent regimen. This also strengthen the suggestion of an
independent effect of DOR on the lipid profile.

We used serum ALT concentration to evaluate the
hepatic safety, because PLWH routine care in the par-
ticipating centers usually only includes this liver func-
tion test. However, the serum ALT level remains a very
sensitive measure of hepatocellular injury, although not
specific, as the degree of elevation cannot determine
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the exact cause of the damage [22, 23]. In a preliminary
analysis of a sample unselected for previous regimen and
viral load, we found that ALT showed a slight decrease
in PLWH with a baseline ALT level >40 UI/L [24]. Inter-
estingly, we can confirm that in individuals with elevated
baseline levels, ALT declined in those from RPV-contain-
ing and INSTI- containing regimens. The latter finding,
although statistically significant, derived from a too-small
sample (10 study participants) to be significant and needs
to be cautiously interpreted and possibly confirmed in
larger samples.

This study has some limitations. First, the Infectious
Diseases Clinics involved in the SCOLTA study are not
formally representative of the Italian Clinics (i.e., at the
national level), because they were not randomly selected
but participated in our observational study on a volun-
teer basis. Second, the study participants were not fully
representative of all PLWH followed in the Infectious
Diseases Clinics participating into the SCOLTA study,
but only of those in need of initiating a new ART drug
in the considered periods. Despite these limits, our study
has the strength to describe a real-life cohort of PLWH
on DOR-based regimens, followed up prospectively in
multiple centers across Italy, in a research network spe-
cifically designed to and with expertise in monitoring the
safety of recently marketed antiretroviral drugs.

In conclusion, people on doravirine treatment showed
different trends in blood lipids according to the previous
regimen they were on. In PLWH switching from RPV, no
modification was seen, whereas in those switching from
other NNRTIs and from INSTI-including regimens, we
observed an overall improvement in lipid profile. This
was seemingly independent of the “statin effect” of TDF,
being variations similar by TDF use. The ALT reduction
in PLWH with altered baseline level needs to be consid-
ered with caution and replicated in larger samples.
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