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Abstract: Background: The clinical outcomes of antiretroviral drugs may be modified by drug in-
teractions; thus, it is important to update the drug interactions in people living with HIV. Aim: To
update clinically relevant drug interactions in people living with HIV on antiretroviral therapy.
Methods: A systematic review in Medline/PubMed database from July 2017 to December 2022, us-
ing the Mesh terms: Anti-retroviral agents and drug interactions or herb-drug interactions or food-
drug interactions. Publications with drug interactions in humans, in English or Spanish, and with
full text were retrieved. The clinical relevance of drug interaction was grouped into 5 levels accord-
ing to gravity and probability of occurrence. Results: 361 articles were identified and 148 were in-
cluded, which allowed the identification of 894 drug interaction pairs. Among these 894 drug pairs,
355 have not been identified previously; and 89 (25.1%) and 72 (20.2%) were of levels 1 and 2, re-
spectively. In addition, for 197 (55.5%) pairs the mechanism was pharmacokinetic. The non-nucleo-
side reverse transcriptase inhibitors (NNRTIs) and the protease inhibitors (PIs) with 91 (25.6%) and
76 (21.4%) pairs, respectively were more frequent. Conclusions: In people living with HIV on an-
tiretroviral therapy, we identify 355 new drug interaction pairs, of them 161 (45.3%) are assessed as
levels 1 and 2 and thus, clinically relevant; a figure that is lower compared to 2014-2107 update. The
pharmacokinetic mechanism is the most frequently identified. The non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs) and the protease inhibitors (PIs) are the antiretroviral groups with the
highest number of clinically relevant drug interactions.

Keywords: drug interactions; antiretroviral agents; HIV/AIDS

1. Introduction

The human immunodeficiency virus (HIV) is one of the main public health problems.
According to the World Health Organization (WHO), 38.4 million got the HIV virus at the
end of 2021, and around 650,000 people died from causes related to HIV/AIDS every year
[1]. In recent years, remarkable advances have been made in the treatment of HIV; thus,
currently most persons with HIV have a life expectancy similar to persons without HIV.
According to the latest updates guidelines, it is recommended to start antiretroviral (ARV)
therapy as soon as possible after HIV diagnosis, ideally within 7 days. Also, If they have
an opportunistic infection, ARV therapy should be started shortly after initiation of treat-
ment of the infection, and it is recommended within 2 weeks [2].

Currently, in persons living with HIV, the initial ARV therapy generally consists of
two nucleoside reverse transcriptase inhibitors (NRTI) combined with a third active ARV
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drug, which may be an integrase strand transfer inhibitor (InSTI), a non-nucleoside re-
verse transcriptase inhibitor (NNRTI), or a protease inhibitor boosted with cobicistat
(COBI) or ritonavir (RTV). InSTI such as bictegravir (BIC) or dolutegravir (DTG) are the
preferred third ARV drug due among other factors, to low risk for drug-drug interactions.
Also, the two-drug regimen, DTG plus lamivudine (3TC) may be recommended for initial
treatment; and for patients who have achieved viral suppression, a long-acting injectable
regimen of bimonthly injection of long-acting cabotegravir (CAB) and rilpivirine (RPV)
may be used. Additionally, advances in ARV therapy have led to the availability of well-
tolerated single-tablet regimens that are associated with a lower risk of drug interactions,
as well as options for preexposure prophylaxis (PrEP), including oral medications such as
tenofovir (TDF) plus emtricitabine (FTC) or CAB [2].

A drug interaction is an undesirable modification that is quantifiable in the magni-
tude or duration of effects related to the simultaneous or previous administration of other
drugs, phytotherapeutics, foods, or by pathophysiological (special) conditions of the pa-
tient [3]. The identification, prevention, and resolution of clinically relevant drug interac-
tions are critical aspect to contribute to getting the pharmacotherapy goals. Among other
methods for evaluating the clinical relevance of interactions, a proposal based on the grav-
ity of the effect on the patient's health (grave, moderate, and mild) and the probability of
occurrence (defined, probable, and possible, according to the type of study that support-
ing the drug interaction) is considered appropriate. This proposed classification generates
four levels of clinical relevance: level 1 (very high risk), level 2 (high), level 3 (medium),
and level 4 (Iow) [3,4]. In addition, a new level of clinical relevance (level 5) has been pro-
posed, which is characterized by the absence of effect on the patient's health (absence of
gravity) documented in meta-analyses, systematic reviews, or clinical trials (defined prob-
ability), and therefore, has evidence of the absence of clinically relevant interactions [4].

Regarding clinically relevant drug interactions in persons with HIV, from 1995 to
2017 we identified four previously published reviews, which have been focused to iden-
tify drug interactions between ARV drugs, phytotherapeutics, and foods [5-8]. The most
recent review updated the reported ARV interactions up to June 2017 [8]. However, due
to the commercialization of new ARVs, guidelines, and expert recommendations updates,
and mainly both the identification and reporting of new clinically relevant drug interac-
tions or the generation of new knowledge about previously identified interactions, this
information should be periodically updated. In addition, in 2017, a free software to facili-
tate the identification and assessment of the clinical relevance of ARV drug interactions
(SIMARV®) was developed [9]; then a free mobile version (InterApp) was developed and
available for mobile phones and tablets [10]. In this context, this systematic review aimed
was to update clinically relevant drug interactions in persons living with HIV on antiretro-
viral therapy, regarding of drug interaction pairs between ARVs and other medications,
phytotherapeutics, or foods from July 2017 to December 2022.

2. Materials and Methods

Similar to previously published reviews, a systematic review was conducted in the
Medline/PubMed database, from 01/07/2017 to 31/12/2022, using the Mesh terms: Anti-
retroviral agents AND Drug Interactions OR Herb-drug Interactions OR Food-drug Inter-
action. Articles published in English or Spanish, and with full-text access were identified.

Inclusion criteria: We included all articles containing clinically relevant information
on drug interactions in humans using antiretroviral agents for the treatment of persons
living with HIV/AIDS. Additionally, citation lists from identified articles were reviewed.

Exclusion criteria: We excluded the following types of articles: (a) preclinical or in
vitro studies; (b) with theoretical concepts regarding drug interactions; (c) articles without
specific ARV drug interactions; d) without relation with HIV; and (e) articles without full-
text availability.

To ensure a systematic approach, three researchers reviewed the studies identified
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
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(PRISMA) flow chart via pre-determined eligibility criteria [11]. The titles and abstracts of
all identified articles were screened for eligibility by two authors, and any discrepancies
were resolved by the third author. Subsequently, to allow the synthesis and analysis of
the results, the data was collected in a table with the following information: (a) article title,
ARV assessed, (b) drug-related interaction, (c) clinical relevance level (according to the
combination of gravity and probability of occurrence), (d) pharmacodynamic or pharma-
cokinetic mechanism, () comment, recommendation, and (f) reference. The information
registered was proofread by another author.

Drug interaction pairs of identified ARV agents-drug interactions were classified into
five levels, according to gravity (effect on patient’s health) and probability of occurrence
(type of study that supports the interaction), following the combination of options as
shown in Table 1 [3,4].

Table 1. Levels of the clinical relevance of drug interactions according to the combination of gravity
and probability of occurrence [3,4].

Probability
Gravity Defined Probable Possible
Grave 1 (very high risk) 1 (very high risk) 2 (high risk)
Moderate 2 (high risk) 2 (high risk) 3 (medium risk)
Minor 3 (medium risk) 3 (medium risk) 4 (low risk)
Lack of gravity 5 (riskless) N/A N/A

N/A: No aplicable.

The probability of each ARV agent-drug interaction was determined and classified
based on the type of study that supported the interaction: Possible: if the interaction was
documented by results from less than three case reports; probable: if the interaction was
documented by results from at least one observational study (cohort or case—control
study) or at least three case reports; or Defined: if the interaction was documented by
results from at least one meta-analysis, narrative systematic review, or randomized or
non-randomized clinical trial. For its part, the gravity of the interaction was established
as serious, moderate, or mild, based on the effect on the health of the patient caused by
the interaction.

3. Results

From the search in PubMed/Medline database, 361 records were retrieved and re-
viewed in detail. From the 361 screened titles and abstracts, 115 were excluded. Thus, 246
articles were assessed for eligibility; among them, 98 were excluded and consequently, a
total of 148 articles were included in the review (figure 1).
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Figure 1. Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) [11] - flow
diagram for the systematic review of the clinical relevance of drug interactions in people living with
human immunodeficiency virus.

A total of 894 drug interaction pairs between antiretroviral agents and other drugs
were identified, of them 355 were new interactions and 539 were updates to previously
identified. The assessed relevance levels, based on gravity and probability, for the new
355 pairs of antiretroviral agents-drug interactions, are shown in table 2.

Table 2. Summary of new 355 antiretroviral drug interactions pairs.

Total of drug interaction pairs, n (%) 355 (100%)
Pharmacokinetic mechanism 197 (55.5%)
. Enzyme inhibition 111 (31.2%)
) Enzyme induction 66 (18.6%)
. Changes in bioavailability 18 (5.1%)
. Changes in bioavailability/enzyme induction 1(0.3%)

. Bidirectional 1 (0.3%)
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Pharmacodynamic mechanism 6 (1.7%)

o Synergism 6 (1.7%)

Pharmacokinetic/pharmacodynamic mechanism 4 (1.1%)

Enzyme inhibition/synergism 2 (0.5%)

Enzyme induction/synergism 2 (0.5%)
Evidence of no clinically relevant interactions 148 (42.0%)

Level of the clinical relevance of drug interaction
Level 1 Level 2 Level 3 Level 4 Level 5 Total, n (%)
89 (25.1%) 72 (20.2%) 45 (12.7%) 1 (0.3%) 148 (42.0%) 355 (100.0%)

Among the 355 new drug interaction pairs, 161 (45.3%) were assessed as a higher risk
of causing adverse drug outcomes linked to pharmacotherapy ineffectiveness or unsafety;
in this sense 89 (25.1%) and 72 (20.2%) were assessed as level 1 and level 2, respectively.
Tables 3 and 4 provide detailed information for drug interaction pairs assessed as levels 1
and 2. Among ARV pharmacologic groups, the non-nucleoside reverse transcriptase in-
hibitors (NNRTIs) and the protease inhibitors (PIs) with 56 (15.8%) and 54 (15.2%) drug
interaction pairs of levels 1 and 2, respectively were more frequent. Also, for the InSTIs
pharmacologic group, 68 (19.2%) drug interaction pairs were identified, of them, 27 (7.6%)
were evaluated as level 1 and 2; while 38 (10.7%) were assessed as level 5; thus, with evi-
dence of lack of clinically relevant interactions (Table 5). In addition, for 197 (55.5%) of the
355 pairs, the pharmacokinetic mechanism to explain the drug interaction was the most
frequent.

Globally, among 355 drug interaction pairs, 148 (42.0%) were assessed as level 5, 41
(11.5%) for NRTIs, and 38 (10.7%) for InSTI (Table 5). In addition, information regarding
51 drug interaction pairs with ARVs that are currently not in use in clinical practice was
not presented: 41 corresponding to PIs (indinavir, nelfinavir, saquinavir and, tipranavir),
and 10 corresponding to NRTIs (didanosine and stavudine).

Anticoagulants and antituberculosis, with 79 (22.3%) and 38 (10.7%), respectively
were the pharmacologic groups with more drug interaction pairs. Also, there were a sig-
nificant number of clinically relevant drug interactions associated with the use of illicit
drugs, such as amphetamines, cocaine, ecstasy (MDMA), and ketamine; mainly by con-
comitant use of NNRTIs and elvitegravir/cobicistat (EVG/COBI) with 13 (3.7%) of these
interactions. In addition, 6 (1.7%) drug interaction pairs with psychotropic drugs, partic-
ularly benzodiazepines were identified.

Table 3. New drug interactions with protease inhibitors and non-nucleoside reverse transcriptase
inhibitors Level 1 and 2.

Pharmacological group or  Antiretroviral Gravity/Probability Comments/Suggestions
drugs affected agent
Alpha-1 adrenergic
receptor antagonist
ATV/RTV, Boosted PIs may increase silodosin plasma levels
Silodosin [12] DRV/RTYV, (Moderate/Probable): through the inhibition of CYP3A4 metabolism.
FPV/RTV, Level 2 To monitor silodosin safety parameters, a dose
LPV/RTV adjustment may be necessary.
Anesthetic/Anxiolytic/Ben
zodiazepine
Boosted PIs may increase midazolam plasma
. levels, increasing the probability of respirator
Midazolam [13] ATV/RTV (Graiee/‘li(;fined): depression, seda?ion, apnd muscz weakrlfess. Tlr}:e

use of this combination is not recommended. If
necessary, parenteral midazolam should be used
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with close clinical monitoring or use safer

alternatives such as lorazepam or propofol.

Boosted PIs may increase triazolam plasma
levels, increasing the probability of respiratory
depression, sedation, and muscle weakness. The

. (Grave/Defined):
Triazolam [13] ATV/RTV Level 1 use of this combination is not recommended,
safer alternatives such as oxazepam, lorazepam
or temazepam should be used.
Antiasthmatic/
Glucocorticoid
ATV may increase the budesonide plasma levels,
Budesonide [14] ATV (Grave/Defined):  enhancing the side effects produced by steroids.
Level 1 To monitor budesonide safety parameters, a
dose adjustment may be necessary.
Antimalarial
NNRTIs may decrease the AUC and Cmax of
Atovaquone [15] EFV ETR (Moderate/Defined):  atovaquone by inducing glucuronidation. To
’ Level 2 monitor atovaquone effectiveness parameters, a
dose adjustment may be necessary.
Mefloquine may decrease NVP plasma levels.
Mefloquine [16] NVP (Moderate/Defined): Caution is recommended in case of using NVP
Level 2 concomitantly with mefloquine, closely monitor,
a dose adjustment may be necessary.
. ) NNRTIs may decrease proguanil AUC and
Proguanil [15] EFV, ETR (Modeiate/lleﬁned). Cmax. To monitor proguanil effectiveness
eve parameters, a dose adjustment may be necessary.
Antimicrobial/
Antileprotic
. The use of EFV and clofazimine may generate
Clofazimine [17] EFV (Gra\IIJe/Delfined): QT interval prolongation in the ECng Heart
eve function should be closely monitored by ECG.
Antimicrobial/
Antituberculosis
EFV may decrease the AUC of moxifloxacin by
. 30 %, increasing the development of resistance
Moxifloxacin [17] EFV (Grave/Defined): and the risk of Vfi;rological fairl)ure. Levofloxacin is
Level 1 . . .
suggested instead of moxifloxacin when used

concomitantly with EFV.
Rifabutin may reduce PlIs plasma levels by

ATV, DRV, FPV, (Moderate/Defined): induction of CYP3A4, causing decreased
virological response. It is recommended to adjust

Rifabutin [18] LPV/RTV Level 2
the dose of rifabutin to 150 mg daily.

Rifabutin may decrease DOR plasma levels by
induction of CYP3A4. To monitor rifabutin

Rifabutin [19] DOR (Moderate/Defined): . :
Level 2 effectiveness parameters, a dose adjustment may
be necessary.
Rifabutin may induce CYP3A4 and increase EFV
Rifabutin [18,20] EFV, ETR (Grave/Defined): and ETR metabohsn}, cauS}ng decrease in their
Level 1 plasma levels and virological response. These

combinations are not recommended given the
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risk of reducing viral susceptibility and
developing resistance.

Rifampicin (17,18, 20]

DRV/RTV

(Grave/Defined):
Level 1

Rifampicin may significantly decrease DRV/RTV
plasma levels by 57 %, increasing the
development of resistance and the risk of
virological failure. Alternatively, it suggests
using rifabutin 150 mg daily.

Rifampicin [19-21]

DOR

(Grave/Defined):
Level 1

Rifampicin may induce CYP3A4, causing
decrease DOR plasma levels by 88 %. To monitor
rifabutin effectiveness parameters, a dose
adjustment may be necessary.

Rifampicin [16,20]

RPV

(Grave/Defined):
Level 1

Rifampicin may decrease RPV plasma levels,
increasing the risk of virological failure and
development of resistance, therefore, this
combination is contraindicated. In this sense,
rifabutin 300 mg daily and double dose of RPV is
recommended.

Antineoplastic

Venetoclax [22]

RTV

(Moderate/Probable):

Level 2

RTV (doses of 50 mg and 100 mg) may inhibit
CYP3AA4 resulting in an increase of venetoclax
Cmax 2.3 to 2.4 times compared with venetoclax
alone and AUC 6.1 and 8.1 times, respectively.
After completing the gradual increase in dose,
venetoclax dose reductions of at least 75 % are
recommended when administered
concomitantly with potent CYP3A inhibitors to
maintain venetoclax exposures within the
therapeutic range established for the treatment
of lymphocytic leukemia chronic.

Antiparasitic/
Anthelmintic

Praziquantel [23]

EFV

(Moderate/Defined):
Level 2

EFV may decrease praziquantel plasma levels up
to 4 times the risk of therapeutic failure. To
monitor praziquantel effectiveness parameters, a
dose adjustment may be necessary, but not
exceed the maximum.

Antiplatelet agent

Ticagrelor [13]

ATV/RTV,
DRV/RTV,
FPV/RTYV,
LPV/RTV

(Grave/Defined):
Level 1

Boosted PIs may increase ticagrelor plasma
levels, increasing the risk of bleeding. The use of
ticagrelor with boosted PIs is not recommended.

Other antiplatelet agents are suggested as an
alternative.

Antiulcer/Anti-H>

Famotidine [19]

RPV

(Moderate/Defined):
Level 2

Famotidine may decrease RPV plasma levels,
increasing the risk of virological failure and
development of resistance, by increasing gastric
pH. To monitor RPV effectiveness parameters.
This combination may be used as long as doses

are temporarily separated, i.e.,, RPV can be given

4 h before or 12 h after anti-Ho.
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Antiulcer/Proton Pump
Inhibitor

Lansoprazole [24,25]

Omeprazole [13, 19]

Proton pump inhibitors may increase
gastrointestinal pH and affect RPV absorption by

Pantoprazole [24,25] RPV (Gra\I/J(Z‘[I)eifined). decreasing its plasma levels. Avoid this
combination or use esomeprazole by spacing
Rabeprazole [24,25] your intake in 10 hours with RPV.
Atypical antipsychotic
‘ ‘ (Moderate/Defined): EFV may éecre‘ase Ziprasid.one plasma levels. To
Ziprasidone [25] EFV Level 2 monitor ziprasidone effectiveness parameters, a
dose adjustment may be necessary.
Contraceptive
NVP may reduce etonogestrel plasma levels
(Cmin decrease by 39 % and AUC of 0-24 weeks
by 37 %), significantly decreasing the
Etonogestrel (Oral (Grave/Defined) contraceptive effect. Etonogestrel ir.n}.alants are
contraceptive) [26] NVP Level 1 not recommend?d for women receiving long-
term treatment with NVP. The patient should be
informed of the need to use a barrier method as a
complementary method of planning or to seek a
safer contraceptive alternative.
EFV may significantly reduce plasma
levonorgestrel concentrations by 61 %, and the
contraceptive effect can be decreased.
Levonorgestrel (Implant) (Grave/Defined) Levonorgestrel i_rerlants are not recommend'ed
126,27] EFV Level 1 for women receiving long—t'erm treatment with
EFV. The patient should be informed of the need
to use a barrier method as a complementary
method of planning or to seek a safer
contraceptive alternative.
Direct acting antiviral
Boosted PIs increase glecaprevir/pibrentasvir
Glecaprevir/Pibrentasvir ATVRTV, (Grave/Defined): plasma levels. Administration of
DRV/RTV, s S
[28-30] FPV/RTV Level 1 glecaprevir/pibrentasvir with boosted PlIs
regimens is completely contraindicated.
EFV may reduce glecaprevir/pibrentasvir plasma
Glecaprevir/Pibrentasvir EFV (Grave/Defined): levels. Administration of
[28-30] Level 1 glecaprevir/pibrentasvir with EFV is completely
contraindicated.
Grazoprevir/Elbasvir [28- (Grave/Defined): NVP may def:r?ase grazoprevu/elbasiwr plasrTla
30] NVP Level 1 level's. Admn?lstratlon of grazopr.emr’/elbasvu
with NVP is completely contraindicated.
ATV/RTV may increase voxilaprevir plasma
Sofosbuvir/Velpatasvir/ ATV/RTV (Grave/Defined):  levels up to 4 times. Concomitant administration
Voxilaprevir [28-30] Level 1 between ATV/RTV and voxilaprevir-containing
regimens is contraindicated.
EFV may decrease voxilaprevir plasma levels.
Sofosbuvir/Velpatasvir/ EFV (Grave/Defined): Concomitant administration between EFV and
Voxilaprevir [28-30] Level 1 voxilaprevir-containing regimens is

contraindicated.
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Direct acting oral

anticoagulant
ATV may increase edoxaban plasma levels by
inhibition of Pg-P. The use of these drugs is not
Defi : heref, h 1
Edoxaban [13,31] ATV (Moderate/Defined) .recommended, therefore O’F er ora
Level 2 anticoagulants should be considered as an
alternative, or if it combination is necessary, a
dose adjustment should be made.
ATV/RTV, Boosted PIs may increase edoxaban plasma
DRV/RTYV, (Moderate/Defined): levels. To monitor edoxaban safety parameters.
Edoxaban [13,31
oxaban [13,31] FPV/RTV, Level 2 It is recommended to reduce the dose of
LPV/RTV edoxaban from 60 mg to 30 mg daily.
ETR may increase edoxaban plasma levels,
Edoxaban [13,31] ETR (Grave/Defined): mcreasn}g tl"le r1§k of bleeding. The use of this
Level 1 combination is not recommended, other
anticoagulants are suggested.
FPV may increase/decrease edoxaban plasma
Defi : levels, i ing the risk of bleedi
Edoxaban [13,31] FPV (Grave/Defined) evels mcrea:?mgt e rlsk‘ of bleeding and .
Level 1 thrombus formation, respectively. The use of this
combination is not recommended.
Drugs of abuse
LPV/RTV may inhibit amphetamine metabolism,
. (Grave/Possible):  leading to increased plasma levels and toxicity.
Amphetamine [32] LPV/RTV Level 2 Warn patients about the risks of this
combination.
RPV may inhibit cocaine metabolism, leading to
increased plasma levels and toxicity. Warn
Cocaine [33] RPV (Grave/Defined): patlerllts about the I"lSlfS of this cor'nbmatlon.
Level 1 Cocaine overdose is life-threatening due to
rhabdomyolysis, arrhythmia, and cardiovascular
collapse.
. (Grave/Possible): Her.oin may decrease ETR p'lasma levels,
Heroin [32] ETR resulting in a no suppressed viral load. Warn
Level 2 . . . . -
patients of the risk of using this combination.
' (Grave/Possible): Ketar.ninfe may decrease ETR Plasma levels,
Ketamine [32] ETR resulting in a no suppressed viral load. Warn
Level 2 . . . . o
patients of the risk of using this combination.
EFV i THC pl levels, prol
Tetrahydrocannabinol (Grave/Possible): 0V may Therease - pasma feve's, profong
EFV its clinical effects and increase toxicity. Warn
(THC) [32] Level 2 _ . . -
patients about the risks of this combination.
THC may decrease ETR plasma levels,
i ing the risk of faster HIV ion,
Tetrahydrocannabinol (Grave/Possible): fnereasing the Tisk ot 1aster Progression,
ETR neurocognitive impairment and immune
(THC) [32] Level 2 . . .
dysfunction in people with HIV. Warn patients
of the risk of using this combination.
Mineralocorticoid
ATV/RTV, Boosted PIs may increase eplerenone plasma
Eplerenone [13] DRV/RTV, (Grave/Defined): levels, increasin ythe risk ofIIi erkaleriia The
p FPV/RTV, Level 1 ’ & P '

LPV/RTV

use of this combination is not recommended.
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Oral anticoagulant/Anti

vitamin K
PIs may increase warfarin plasma levels,
Warfarin [31] DRV (Moderate/Defined): incre.asing the risk of bleeding. To n}onitor
Level 2 warfarin safety parameters, a dose adjustment
may be necessary.
Special condition
. Pregnancy may decrease PIs exposure. Using
Def :
Pregnancy [34,35] ATV, DRV (Gra\gzveelz ined) ritonavir-enhanced IPs in women who become
pregnant while on ART treatment.
(Grave/Defined) Pregna.ncy ma.y decrease DOR exp(.>sure.
Pregnancy [34] DOR Level 1 Currently, its use is not recommended in women

who become pregnant while on ART treatment.

ART: antiretroviral therapy; ATV: atazanavir; ATV/RTV: atazanavir/ritonavir; AUC: area under the
curve; Cmax: maximum concentration; Cmin: minimum concentration; CYP: cytochrome; DRV: da-
runavir; DRV/RTV: darunavir/ritonavir; DOR: doravirine; ECG: electrocardiogram; EFV: efavirenz;
ETR: etravirine; FPV: fosamprenavir; FPV/RTV: fosamprenavir/ritonavir; HIV: human immunode-
ficiency virus; LPV/RTV: lopinavir/ritonavir; NNRTIs: non-nucleoside reverse transcriptase inhibi-
tors; NVP: nevirapine; Pg-P: P-Glycoprotein; Pls: protease inhibitors; RPV: rilpivirine; RTV: ri-
tonavir; THC: tetrahydrocannabidiol.

Table 4. New drug interactions with nucleoside reverse transcriptase inhibitors, integrase inhibitors
and pharmacokinetic extender Level 1 and 2.

Pharmacological group or

Antiretroviral

drugs affected agent Gravity/Probability Comments/Suggestions
Alpha-1 adrenergic receptor
antagonist
EVG/COBI may increase silodosin plasma
. . (Moderate/Probable): levels by inhibition of CYP3A4. To monitor
Silodosin [12] EVG/COBI Level 2 silodosin safety parameters, a dose
adjustment may be necessary.
Anesthetic/Anxiolytic/
Benzodiazepine
Clonazepam [13] EVG/COBI may increase benzodiazepines
. ~ plasma levels. To monitor benzodiazepines
Di 13 (Modellitsé?sfmed). safety parameters. It is recommended to use
lazepam [13] the lowest dose and for a short period of
time.
EVG/COBI may increase midazolam
plasma levels, increasing the probability of
respiratory depression, sedation, and
. muscle weakness. The use of this
Midazolam [13] EVG/COBI (Grave/Defined): Level combination is not recommended. If

1
necessary, parenteral midazolam should be

used with close clinical monitoring or use
safer alternatives such as lorazepam or
propofol.

Triazolam [13]

EVG/COBI may increase triazolam plasma
levels, increasing the probability of
respiratory depression, sedation, and
muscle weakness. The use of this
combination is not recommended, safer

(Grave/Defined): Level
1
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alternatives such as oxazepam, lorazepam
or temazepam should be used.

Antacids

Aluminum hydroxide [13,36]
Calcium carbonate [13,36]
Ferrous fumarate [13,36]

Antacids may produce chelation and affect
InSTIs absorption, mainly antacids
containing Ca?, Al**, Mg? and Fe?. InSTIs
may be given together with antacids
containing calcium when taken along with

Defi :
BIC, CAB, RAL (Moderate/Defined) food, but not on an empty stomach because
Level 2 .
. . food increases InSTIs exposure. Moreover,
Magnesium hydroxide [13,36] . .. .
any antacid containing aluminum or
magnesium should be administered at least
2 h after or 6 h before administration of
InSTlIs.
Aluminum hydroxide
[13,24,25,37,38]
Calcium carbonate ) )
[13,24,25,37,38] Antacids may produce chelation and affect
— . DTG absorption, mainly antacids
Ferrous fumarate (Moderate/Defined): . .
[13,24,25,37.38] DTG Level 2 containing polyvalent cations such as Mg?,
M — in ;1 ) A3+, Fe?*, Ca?" and Zn?*. To administer DTG
aghestum ydroxide 2 hours before or 6 h after antacids.
[13,24,25,37,38]
Zinc Gluconate
[13,24,25,37,38]
Aluminum hydroxide [13] Antacids may produce chelation and affect
Calcium carbonate [13] (Moderate/Defined): EVG absorption, ma'inly antacids
Ferrous fumarate [13] EVG/COBI Level 2 containing polyvalent cations such as Mg?,
Magnesium hydroxide [13] AP+, Fe?, Ca? and Zn?". To separate
Zinc Gluconate [13] EVG/COBI for 4 h from antacids.
Antiarrhythmic
(Grave/Defined): DTG administration causes a 70-90 %
Dofetilide [39] DTG ’ increase in dofeltilde plasma levels.
Level 1 . .
Concomitant use is not recommended.
Antiasthmatic/Glucocorticoid
Budesonide [12] EVG/COBI may increase budesonide and
_ fluticasone plasma levels by inhibition of
, Evgicopr  (Mederate/Probable): oy b3 A4 To monitor budesonide and
Fluticasone [12,13] Level 2 :
fluticasone safety parameters, a dose
adjustment may be necessary.
EVG/COBI may increase mometasone
plasma levels, and even lead to the
. appearance of Cushing's Syndrome. To
Defined):
Mometasone [12,13] EVG/COBI (Gra\]iee/ve? ine ) monitor mometasone safety parameters and
cortisol levels. To suspend treatment if
necessary and use beclomethasone as an
alternative.
EVG/COBI may increase triamcinolone
Triamcinolone (injectable) (Grave/Probable): plasma levels by generating adrenal
EVG/COBI . iy
[12,13,40] Level 1 suppression. Do not co-administer unless

the benefit outweighs the risk of systemic



https://doi.org/10.20944/preprints202306.0859.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2023 d0i:10.20944/preprints202306.0859.v1

effect. Safer alternatives should be
considered.

Anticoagulant/Anti vitamin K

Warfarin [31]

BIC, DTG,
EVG/COBI

InSTIs may increase warfarin plasma levels.
(Grave/Defined): To monitor warfarin safety parameters,
Level 1 especially INR, a dose adjustment may be
necessary.

Anticonvulsant

Valproic acid [41]

DTG

Valproic acid may decrease DTG plasma
levels by inducing the metabolism of the
enzymes UGT1A1 and CYP3A4, P-gp

(Grave/Possible): protein and BCRP transporter. Closely

monitor DTG effectiveness parameters,
Level 2

because it may lead to increased resistance
and increased viral load. In addition, other
anticonvulsant alternatives such as
levetiracetam are suggested.

Antidiabetic/Biguanide

Metformin [20]

BIC

BIC may increase metformin plasma levels
by 39 % dose-dependent, through
inhibition of MATE 1 and OCT2.
Additionally, there have been cases of lactic
acidosis and loss of glycemic control when
(Moderate/Probable): the metformin dose was reduced
Level 2 empirically in combination with BIC.
Efficacy and safety monitoring is
recommended and dose adjustment may be
required. Preferably start with low doses
and increase according to the patient’s
response.

Antidiabetic/Sulphonylurea

Chlorpropamide [39]

3TC

3TC administration may cause a significant

reduction in exposure to chlorpropamide. It

is advisable to strictly control blood glucose
levels in diabetic patients treated
concomitantly with these drugs.

(Moderate/Defined):
Level 2

Antimalarial

Artemether/Lumefantrine [39]

DTG

Artemether/Lumefantrine may decrease
(Moderate/Defined): DTG exposure by 40 %. To monitor DTG
Level 2 effectiveness parameters, a dose adjustment
may be necessary.

Artesunate/Amodiaquine [39]

DTG

Artesunate/Amodiaquine may decrease
(Moderate/Defined): DTG exposure by 25-45 %. To monitor DTG
Level 2 effectiveness parameters, a dose adjustment
may be necessary.

Atovaquone [15]

AZT

Atovaquone may increase the AUC of AZT.
To monitor AZT effectiveness parameters, a
dose adjustment may be necessary.

(Moderate/Defined):
Level 2

Antimicrobial/Oxazolidinone

Linezolid [17]

AZT

(Grave/Defined): The concomitant use of AZT and linezolid
Level 1 can produce hematologic toxicity, since it
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Antimicrobial/Sulfonamide

may generate suppression of the bone
marrow. Avoid the concomitant use of AZT
and linezolid due to the risk of

hematological toxicity.

Trimethoprim/Sulfamethoxazo

le [39] 3TC

Antimicrobial/Antituberculosi

Trimethoprim administration causes a 40%
increase in 3TC plasma levels. There is no
need to adjust the dose of 3TC in patients
with normal renal function; the dose may

(Moderate/Defined):
Level 2

S

be reduced in patients with renal failure.

Bedaquiline [17] COBI

COBI may significantly increase
bedaquiline exposure. Closely monitor
cardiac function using the ECG.

(Grave/Defined):
Level 1

Rifabutin [17,20] ABC, COBI

Rifabutin may induce CYP3A4 and increase
ABC and COBI metabolism, causing a
decrease in plasma levels and virological
response. It is not recommended given the
risk of reducing viral susceptibility and the
development of resistance associated with

therapeutic ARV drug levels.

(Grave/Defined):
Level 1

Rifampicin [19,20] ATV/COBI

Rifampicin may induce CYP3A4 and
increase ATV/COBI metabolism, causing
decrease in plasma levels and virological

response. Administration of rifampicin
with ATV/COBI is completely
contraindicated.

(Grave/Defined):
Level 1

Rifampicin [17,20,36] BIC

Rifampicin may induce BIC metabolism,
causing a significant decrease in plasma
levels (46-61 %), resulting in a loss of
therapeutic effect. Dose recommendations
for co-administration of BIC and rifampicin
have not been established, however, the

(Grave/Defined):
Level 1

Rifampicin [36,40,42,43] CAB

combination is contraindicated.
Rifampicin may induce CAB metabolism,
causing a 60 % decrease in oral CAB AUC,
resulting in loss of therapeutic effect.
Additionally, oral rifampicin may decrease
exposure to intramuscular CAB by 44 %.
Dose recommendations for co-
administration of CAB and rifampin have
not been established, however, the

(Grave/Defined):
Level 1

Rifampicin [17] EVG/COBI

Antimigraine

combination is contraindicated.
Rifampicin may decrease EVG/COBI
plasma levels, causing risk of reduced viral
susceptibility and development of
resistance. Simultaneous use between
EVG/COBI and rifampicin is not

(Grave/Probable):
Level 1

recommended.
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COBI may increase plasma ergotamine
concentrations by inhibiting CYP3A4,
increasing the probability of ergotism: High
blood pressure, nervousness,
hallucinations, seizures, gastrointestinal
and muscle disorders, as well as the
appearance of acute ischemia of the lower

Ergotamine/Dipyrone/Caffeine TDF/FTC/ (Grave/Possible):
[44] EVG/COBI Level 2

extremities. To monitor ergotamine safety
parameters. Rapid initiation of treatment is
important to reduce the risk of ischemic
sequelae.

Antineoplastic

CAB can inhibit OAT1 and OAT3 causing
increased methotrexate plasma levels. This
combination requires strict vigilance,
because methotrexate is a drug with a

(Grave/Defined):

Methotrexate [42] CAB Level 1

narrow therapeutic index.

AZT may increase the probability of
hematologic toxicity with the use of
vinblastine. This combination is not
recommended due to the possibility of
serious adverse effects.

(Grave/Defined):

Vinblastine [25] AZT Level 1

Antiplatelet agents

Boosted ARVs may alter clopidogrel
antiplatelet effect. Co-administration of
clopidogrel with boosted regimens is not
possible. Use alternative antiplatelet agents
or non-boosted regimens.

(Grave/Defined):

Clopidogrel [13] EVG/COBI Level 1

EVG/COBI may increase ticagrelor plasma
levels, increasing the risk of bleeding. The
use of ticagrelor with boosted ARVs is not
recommended. Other antiplatelet agents are
suggested as an alternative.

(Grave/Defined):

Ticagrelor [13] EVG/COBI Level 1

Antiulcer/Proton Pump
Inhibitor

EVG/COBI may increase omeprazole
Omeprazole [12] EVG/COBI (Grave/Probable): Level plasrr.la levels by inhibition of CYP3A4. To
1 monitor omeprazole safety parameters, a

dose adjustment may be necessary.

Antiviral/Purine Analogue

Concomitant use between AZT and
ribavirin increases the probability of
development of bone medulla suppression,
(Grave/Defined): associated with the appearance of severe
Level 1 hematological toxicity and increased risk of
anemia. This combination is not

Ribavirin [45,46] AZT

recommended due to serious adverse
effects.

Atypical antipsychotic

(Moderate/Probable): EVG/COBI may increase quetiapine plasma

Quetiapine [12] EVG/COBI Level 2 levels by inhibition of CYP3A4. To monitor
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quetiapine safety parameters, a dose
adjustment may be necessary.

Direct-acting antiviral

COBI may increase grazoprevir plasma

. . Grave/Defined): levels. The administration of
Grazoprevir/Elbasvir [29] COBI ( Level 1 ) grazoprevir/elbasvir with COBI is
completely contraindicated.
Direct oral anticoagulant
. EVG/COBI may inhibit CYP3A4, causin
Apixaban [13,31] EVG/COBI (Grave/Defined): increased apixa}l,)an plasma levels. The usge
Level 1 . o
of this combination is not recommended.
EVG/COBI may increased dabigatran
. plasma levels by inhibition of Pg-P. The use
Dabigatran [13,31] EVG/COBI (Grave/Delzfmed): of this combination is not recommended.
Level 1 Other anticoagulants are suggested as an
alternative.
ATV/COBI may increased edoxaban plasma
Edoxaban [13,31] ATV/COBI (Grave/Defined): levels. It is not recommended to use this
! Level 1 combination; it is suggested to use other
anticoagulants as an alternative.
DRV/COBI may increase plasma
. concentrations of edoxaban by inhibition of
Edoxaban [13,31] DRV/COBI (Moderate/]ljefmed): P-gp. It is recommended t?:) monitor
Level 2 edoxaban safety parameters, especially in
patients with renal damage.
EVG/COBI may inhibit CYP3A4, causing
. increase edoxaban plasma levels. To
Edoxaban [13,31] EVG/COBI (Moderate/Defined): monitor edoxaban safEty parameters. It is
Level 2
recommended to reduce the dose of
edoxaban from 60 mg to 30 mg.
. EVG/COBI may inhibit CYP3A4, causin
Rivaroxaban [13,31] EVG/COBI (Grave/Defined): increase rivaronban plasma levels. The ugse
Level 1 . o
of this combination is not recommended.
Disease
Severe kidney failure can decrease DTG
Severe renal impairment (36) DTG (Grave/Defined): plasma levels. Caution is recommended in
Level 1 certain populations, for example, those with
resistance associated with the use of InSTIs.
Drugs abuse
Amphetamine [32]
Cannabis [32] EVG/COBI may increase plasma levels of
Ecstasy (MDMA) [32] EVG/COBI (Moderate/Probable): abused drugs, prolong their clinical effects
Heroin [32] Level 2 and increase toxicity. Warn patients about
Ketamine [32] the risks of these combinations.
Methamphetamine [32]
Simultaneous administration of cocaine and
EVG/COBI may reduce cocaine
Cocaine [33] EVG/COBI (Graviézz?liable): metabolism, leading to increased plasma

levels and toxicity. Warn patients about the
risks of this combination. Cocaine overdose
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is life-threatening due to rhabdomyolysis,
arrhythmia, and cardiovascular collapse.

Feminizing Hormone Therapy

(FHT)

Estradiol Valerate/Cyproterone
Acetate [47]

TDF exposure was reduced by 12 % in the
presence of FHT, suggesting that it may
potentially affect the effectiveness of PrEP
among transgender women. To monitor
TDF effectiveness parameters.

(Moderate/Probable):

TDF/FTC Level 2

Mineralocorticoid

Eplerenone [13]

EVG/COBI may increase eplerenone plasma
levels, increasing the risk of hyperkalemia.
The use of this combination is not
recommended.

(Grave/Defined):

EVG/COBI Level 1

PI

Ritonavir [19,25,48-50]

Ritonavir may significantly reduce DTG
plasma levels. To monitor DTG
effectiveness parameters, a dose adjustment
may be necessary.

DTG (Moderate/Defined):
Level 2

Special conditions

Pregnancy [34]

Pregnancy may decrease BIC exposure.
This drug is not currently recommended in
women who become pregnant while on
ART treatment.

(Grave/Defined):
BIC Level 1

Pregnancy [34,36,51,52]

Pregnancy may decrease the AUC of EVG
and COBI by 24 % and 44 %, respectively,
during the second trimester. Additionally,
pregnancy may decrease the AUC of COBI
by 59 % during the third trimester. This
scheme should not be used during
pregnancy. If women become pregnant
during treatment with COBI it should be
changed to an alternative treatment
regimen such as ritonavir.

(Grave/Defined):

EVG/COBI Level 1

Pregnancy [34]

Pregnancy may decrease TDF/FTC/RAL
exposure. This scheme is not currently
recommended in women who become

pregnant while on ART treatment.

(Grave/Defined):

TDF/FTC/RAL
[FTC/ Level 1

Pregnancy [36,51,52]

Three cases of pregnancy were reported in
patients who were using CAB. CAB is not
recommended during pregnancy. However,
more studies are needed to prove the
effectiveness of this drug in pregnancy.

(Grave/Possible):
CAB Level 2

Pregnancy [34,36,53

Exposure to DTG in pregnancy may be
associated with an increased risk of neural
tube defects in fetus. Additionally, a
DIC (Moderate/Defined): decrease in DTG exposure between 10-50 %
Level 2 has been demonstrated compared to
postpartum plasma levels. The use of DTG
should be avoided, especially in the first
trimester of pregnancy, however, some
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studies claim that it can be administered
without dose adjustment during
pregnancy, if it is taken with food to
increase absorption.

Pregnancy may decrease exposure and TDF

Pregnancy [54] TDF (Mode;ate/l?;fmed): plasma levels. Monitor viral load
eve continuously.
Statins
Lovastatin [13] EVG/COBI may increase lovastatin and
simvastatin plasma levels, increasing the
. . EVG/COBI (Grave/Defined): risk of myopathies, rhabf:lorr}yolysis and
Simvastatin [13] Level 1 even death. These combinations are not
recommended. Safer alternatives such as
pravastatin or fluvastatin should be used.
Tricyclic antidepressant drugs
Amitriptyline [13] EVG/COBI may increase plasma levels of
Clomipramine [13] tricyclic antidepressants. It is recommended
EVG/COBI (Moderate/Defined):  to start w'ith low doses of ant.idepressant
. . Level 2 and adjust the dose according to the
Imipramine [13] . S
patient’s response, monitoring safety
parameters.
Uricosuric agent
(Grave/Possible): Probenecid increases the AUC of TDF and
Probenecid [55] TDF/FTC Level 2 FTC by 64 % and 62 %, respectively.

Administer this combination with caution.

ARV: antiretroviral; ATV/COBI: atazanavir/cobicistat; AUC: area under the curve; AZT: zidovu-
dine; BCRP: breast cancer resistant protein; BIC: bictegravir; CAB: cabotegravir; COBI: cobicistat;
CYP: cytochrome; DRV/COBI: darunavir/cobicistat; DTG: dolutegravir; ECG: electrocardiogram;
EVG: elvitegravir; EVG/COBL: elvitegravir/cobicistat; INR: International Normalized Ratio; InSTIs:
integrase inhibitors; MATE 1: toxin extrusion proteins and multiple drugs; NRTIs: nucleoside re-
verse transcriptase inhibitors; OAT1/OAT3: organic anion transporters; OCT2: organic cation trans-
porters; P-gp: P-Glycoprotein; PrEP: pre-exposure prophylaxis; RAL: raltegravir; TDF: tenofovir
disoproxil-fumarate; TDF/FTC: tenofovir disoproxil-fumarate/emtricitabine; TDF/FTC/EVG/COBI:
tenofovir  disoproxil-fumarate/emtricitabine/elvitegravir/cobicistat; TDF/FTC/RAL: tenofovir
disoproxil-fumarate/emtricitabine/raltegravir, UGT1A1: uridinadifosfatoglucoronosiltransferasa;
3TC: lamivudine.

Table 5. New drug interaction pairs with evidence for lack of clinically relevant interactions (Level

5).
Pharmacological group or . . .
Antiretroviral agent Comments/Suggestions
drugs affected
Anesthetic/Anxiolytic/
Benzodiazepine
Diazepam [40,45,46] AZT, TDF Plasma levels of either drug is not affected. These

combinations are safe and do not require dose adjustment.

Midazolam [40]

CAB does not modify the pharmacokinetics of midazolam. It
CAB is a safe combination, therefore, does not require dose
adjustment.

Triazolam [45,46]

Plasma levels of either drug is not affected. This

TDF
combination is safe and does not require dose adjustment.

Anticoagulant/Anti vitamin K
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No significant changes in plasma levels of 3TC and warfarin

Warfarin [31] 3TC are generated. This combination is safe and does not require
dose adjustment.

No significant changes in plasma levels of MVC and
Warfarin [25,31,38] MVC warfarin are generated. This combination is safe and does
not require dose adjustment.

No significant changes in plasma levels of RPV and warfarin

Warfarin [31] TDEF/FTC/RPV are generated. This combination is safe and does not require
dose adjustment.

Antifungal

No significant changes in plasma levels of NVP and
Clotrimazole [56] NVP clotrimazole are generated. This combination is safe and
does not require dose adjustment.

No significant changes in plasma levels of BIC and
Voriconazole [19,56] BIC voriconazole are generated. This combination is safe and

does not require dose adjustment.

Antimalarial

EFV does not change chloroquine plasma levels. This

Chloroquine [57] EFV combination is safe and does not require dose adjustment.

Antimicrobial/Antituberculosis

Ethambutol [58] LPV/RTV I"lasTna I.evels of either drug is no't affected. ThIS
combination is safe and does not require dose adjustment.

Ethionamide [58] LPV/RTV I.’lasTna l.evels of either drug is th affected. This
combination is safe and does not require dose adjustment.

No significant changes in plasma levels of EFV and
Levofloxacin [17,58] EFV levofloxacin are generated. This combination is safe and

requires no dose adjustment.
Plasma levels of either drug is not affected. This

P i i L
yrazinamide [58] PV/RTV combination is safe and does not require dose adjustment.
No significant changes in plasma levels of ATV/RTV and
Rifabutin [17,59] ATV/RTV rifabutin are generated. This combination is safe and does
not require dose adjustment.
1 level ith i . Thi
Rifabutin [17,59] BIC P asma levels of either drug is no.t affected T is
combination is safe and does not require dose adjustment.
Terizidone [58] LPV/RTV Plasma levels of either drug is not affected. This

combination is safe and does not require dose adjustment.

Antiplatelet agent

There are no significant changes in plasma levels of
Acetylsalicylic acid [13] EVG/COBI EVG/COBI and acetylsalicylic acid. This combination is safe
and requires no dose adjustment.

Conjugated estrogens

The use of conjugated estrogens for the GAHT reduces from
24-32 % in the AUC of TDF and FTC, but there is no
. statistically significant reduction in plasma levels of
Estradiol [60] TDE/FTC TDEF/FTC and estradiol. The combination of TDF and FTC
on demand (2+1+1) and GAHT may result in plasma levels
too low for reliable prevention of HIV infection.

Direct acting oral anticoagulant

ABC, ABC/AZT, There are no significant changes in the plasma levels of
Apixaban [25,31,38] ABC/3TC, BIC, apixaban and the ARVs mentioned. These combinations are
BIC/TAF/FTC, DTG, safe and do not require dose adjustment.
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DTG/ABC/3TC, EFV,
MVC, TFV/FTC,
TDF/FTC/RPV, T-20,
3TC

Dabigatran [25,31,38]

ABC, ABC/AZT,
ABC/3TC, BIC,
BIC/TAF/FTC, DTG,
DTG/ABC/3TC, EFV,
MVC, TFV/FTC,
TDF/FTC/RPV, T-20,
3TC

There are no significant changes in the plasma levels of
dabigatran and the ARVs mentioned. These combinations
are safe and do not require dose adjustment.

Edoxaban [25,31,38]

ABC, ABC/AZT,
ABC/3TC, BIC,
BIC/TAF/FTC, DTG,
DTG/ABC/3TC, EFV,
MVC, TFV/FTC,
TDF/FTC/RPV, T-20,
3TC

There are no significant changes in the plasma levels of
edoxaban and the ARVs mentioned. These combinations are
safe and do not require dose adjustment.

Rivaroxaban [25,31,38]

ABC, ABC/AZT,
ABC/3TC, BIC,
BIC/TAF/FTC, DTG,
DTG/ABC/3TC, EFV,
MVC, TFV/FTC,
TDF/FTC/RPV, T-20,

There are no significant changes in the plasma levels of
rivaroxaban and the ARVs mentioned. These combinations
are safe and do not require dose adjustment.

3TC
Disease
No significant differences have been observed in the
Mlld' to mpderate hepatic DTG, EVG, RAL exposures of InSTIs in people VYlth mild tc? moc'ierate‘ liver
impairment [36] impairment. Dose adjustment is not required in patients
with mild to moderate liver impairment.
Drugs of abuse
) ABC, DTG, NVP, RAL, There are no changes in the plasma levels of the ARVs
Amphetamine [32] . . . .
RPV mentioned. No dose adjustment is required.
Cannabis [32]
Th h in the pl levels of the ARV
Ecstasy (MDMA) [32] ABC, NVP, RAL, RPV ere are no changes in the plasma levels of the s
) mentioned. No dose adjustment is required.
Methamphetamine [32]
Heroin [32] ABC, RAL, RPV There are no changes in the plasma levels of the ARVs

Ketamine [32]

mentioned. No dose adjustment is required.

ABC, EFV, EVG/COBI, There are no changes in the plasma levels of the ARVs

Nitrates NVP, RAL, RPV mentioned. No dose adjustment is required.
Attachment inhibitor
Fostemsavir [61] ETR I.’lasTna I'evels of either drug is no.t affected. This
combination is safe and does not require dose adjustment.
Injectable contraceptive
AZT does not reduce plasma levels of medroxyprogesterone
Medroxyprogesterone [62] AZT (progestin). This combination is safe and does not require

dose adjustment.

Medroxyprogesterone [63]

Medroxyprogesterone affects the systemic and mucosa
pharmacokinetics of TDF (topical) in healthy women.
However, TDF administered topically for HIV-1 prevention
in women resulted in high and protective mucosal

TDF (Topical)



https://doi.org/10.20944/preprints202306.0859.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2023 d0i:10.20944/preprints202306.0859.v1

concentrations with or without use of medroxyprogesterone.
This combination is safe and requires no dose adjustment.

NNRTI
P1 levels of eith i £f . Thi
Etravirine [61] CAB Plasma levels o either drug is no"t affected This
combination is safe and does not require dose adjustment.
Intramuscular administration of CAB has a low probability
Rilpivirine [64] CAB of pharmacokinetic interaction with rilpivirine. This

combination is safe and does not require dose adjustment.

Oral contraceptive

There are no significant changes in plasma levels of CAB

Ethinylestradiol/Levonorgestrel CAB and ethinylestradiol/levonorgestrel. This combination is safe

[65] and requires no dose adjustment.

There are no significant changes in plasma levels of TDF and
Ethinylestradiol [45,46,65] TDF ethinylestradiol. This combination is safe and requires no
dose adjustment.

Ethinylestradiol/Levonorgestrel affects the systemic and
mucosa pharmacokinetics of TDF (topical) in healthy
women. However, TDF administered topically for HIV-1

Ethinylestradiol/L trel
inylestradiol/Levonorgestre TDF (Topical) prevention in women resulted in high and protective

63 . . .
[63] mucosal concentrations with or without use of oral
contraceptives. This combination is safe and requires no
dose adjustment.
PI
. Plasma levels of either drug is not affected. This
Atazanavir [19] BIC 5

combination is safe and does not require dose adjustment.

Special condition

There are no changes in plasma levels of BIC in adults < 74

Adults <74 36 BIC
e years [36] years. Dose adjustment is not required in these patients.

There are no changes in plasma levels of EVG in adults > 65

Adults > 65 years [36] EVG years. Dose adjustment is not required in these patients.

InSTIs are highly bound to plasma proteins (albumin and
alpha-1 acid glycoprotein, 83-99 %) and are not significantly
Dialysis [36] DTG, EVG, RAL eliminated by dialysis (hemodialysis or peritoneal dialysis).
Dose adjustment is not required in patients receiving
hemodialysis or peritoneal dialysis.

Statin

There are no changes in the plasma levels of NNRTIs and
Lovastatin [45,66] DOR, RPV lovastatin. These combinations are safe and do not require
dose adjustment.

There are no changes in the plasma levels of PIs and
Pitavastatin [45,66] ATV, DRV, LPV/RTV pitavastatin. These combinations are safe and do not require
dose adjustment.

There are no changes in the plasma levels of boosted PIs and
pitavastatin. These combinations are safe and do not require
dose adjustment.

ATV/RTV, DRV/RTV,

Pitavastatin [45,66] FPV/RTV

There are no changes in the plasma levels of NNRTIs and
Pitavastatin [45,66] DOR, EFV, NVP pitavastatin. These combinations are safe and do not require
dose adjustment.

There are no changes in the plasma levels of EVG/COBI and
Pitavastatin [45,66] EVG/COBI pitavastatin. These combinations are safe and do not require
dose adjustment.
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Pravastatin [45,66]

DOR and RPV do not affect the pharmacokinetics of
DOR, RPV pravastatin. These combinations are safe and do not require
dose adjustment.

Rosuvastatin [45,66]

There are no changes in the plasma levels between NNRTIs
DOR, EFV, NVP, RPV  and rosuvastatin. These combinations are safe and do not
require dose adjustment.

Simvastatin [45,66]

There are no changes in the plasma levels between NNRTIs
DOR, NVP, RPV and simvastatin. These combinations are safe and do not
require dose adjustment.

Thiazide antihypertensive

Hydrochlorothiazide [13]

There are no changes in the plasma levels between boosted
PIs and hydrochlorothiazide. These combinations are safe
and does not require dose adjustment.

ATV/RTV, DRV/RTV,
FPV/RTV, LPV/RTV

Hydrochlorothiazide [13]

There are no changes in the plasma levels of EVG/COBI and
EVG/COBI hydrochlorothiazide. This combination is safe and do not
require dose adjustment.

ABC: abacavir; ABC/AZT: abacavir/zidovudine; ABC/3TC: abacavir/lamivudine; ARV: antiretrovi-
ral; ATV/RTV: atazanavir/ritonavir; AZT: zidovudine; BIC: bictegravir; BIC/TAF/FTC: bicte-
gravir/tenofovir alafenamide/emtricitabine; CAB: cabotegravir; DOR: doravirine; DRV: darunavir;
DRV/RTV: darunavir/ritonavir; DTG: dolutegravir; DTG/ABC/3TC: dolutegravir/abacavir/lamivu-
dine; EFV: efavirenz; ETR: etravirine; EVG: elvitegravir; EVG/COBI: elvitegravir/cobicistat;
FPV/RTV: fosamprenavir/ritonavir; GAHT: gender-affirmation hormone therapy; HIV: human im-
munodeficiency virus; InSTIs: integrase inhibitors; LPV/RTV: lopinavir/ritonavir; MVC: maraviroc;
NNRTIs: non-nucleoside reverse transcriptase inhibitors; NVP: nevirapine; Pls: protease inhibitors;
RAL: raltegravir; RPV: rilpivirine; TAF: tenofovir alafenamide; TDF: tenofovir disoproxil-fumarate;
TDEF/FTC: tenofovir disoproxil-fumarate/emtricitabine; TDF/FTC/RPV: tenofovir disoproxil-
fumarate/emtricitabine/rilpivirine; T-20: enfuvirtide; 3TC: lamivudine.

4. Discussion

Although current ARV therapy is simplified, safe, and effective, the combination of
three ARV drugs (two in some patients), increases the risk of clinically relevant drug in-
teractions, mainly in patients with one or more long-term diseases in addition to HIV.
Currently, some systematic reviews, meta-analyses, and randomized clinical trials pro-
vide sufficient evidence that some drug interactions may cause negative health outcomes
in patients living with HIV [3]. Overall, clinically relevant drug interactions occur in 20-
30% of people living with HIV [67], mainly explained by a pharmacokinetics change
linked to inhibition or induction of different enzymes and metabolic transporters, also
including recently authorized ARV drugs [3,5-8,68].

The current review identified 148 articles with information that allowed to assess and
classify the clinical relevance of 894 drug interaction pairs in people living with HIV on
antiretroviral therapy. Among these 894 drug interaction pairs, 355 had not been previ-
ously identified [5-8]; which shows the need to make a periodic update on this topic
through comprehensive reviews.

In the current update, we identified 355 new drug interaction pairs, among them 161
(45.3%) assessed as the most clinically relevant (levels 1 or 2). These figures were lower
than reported in the update 2015-2017 [8]; in which 534 new drug interaction pairs were
identified, of which 308 (64.2%) were assessed as levels 1 or 2 were reported. This reduc-
tion may be due to current guidelines [2] recommending, as first therapeutic options, re-
gimes with more recent ARVs drugs, such as BIC (authorized in 2018) or CAB (authorized
in 2021) which have less probability of pharmacokinetics interactions. In this sense, 38
(10.7%) of drug interaction pairs regarding InSTI have been assessed as level 5. Overall,
second-generation InSTIs (CAB, BIC, and DTG), compared to PIs, have less probability to
inhibit the metabolism of CYP450 isoenzymes, and therefore a lesser risk of clinically rel-
evant drug-interactions interactions [2,69]. Similarly, for NRTIs, 41 (11.5%) of interaction
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pairs were assessed as level 5, which may be explained due to this ARV group are not
metabolized by CYP450; for instance, zidovudine (AZT) and abacavir (ABC) are metabo-
lized by glucuronidation, while 3TC, FTC, and TDF are mainly eliminated through the
renal excretion [5-8].

The pharmacokinetic mechanism was the most frequent to explain the drug-interac-
tion; thus in 197 (55.5%) of the 355 pairs no previously identified. The pharmacokinetics
of ARV involves isoenzymes of the cytochrome P450 enzyme (CYP) family, such as
CYP3A4, CYP2B6, and CYP2C9, as well as trans-carrier proteins, such as UGT1A1, OCT2,
MATE1, OATP1B1, and glycoprotein P (P-gp), which increases the probability of pharma-
cokinetics drug interactions [70]. Some ARV drugs, especially PI and NNRTI are consid-
ered strong inhibitors or inducers of various isoenzymes of the CYP450 family as well as
trans-carrier proteins, which increases the risk of significant clinical drug-interactions,
and thereby the risk of do not achievement of therapeutic goals in patients living with
HIV [67].

In the current review, the ARV groups with more clinically relevant drug-interac-
tions were the NNRTI (15.8%) and the PIs (15.2%), likely due to their metabolism through
the CYP450 family [71]. Similarly, a retrospective study found that the most frequently
involved ARVs were the enhanced PI (49.3%), followed by NNRTIs (38.3%) [72]. How-
ever, these results are different from the findings in the 2015-2017 update, in which PlIs
were the predominant group with a percentage of 29.2% [8].

Drug abuse is an important consideration in people with HIV on ARV therapy, which
requires an integrated approach based on evidence [2]. Currently, there is increasing
awareness of the clinical relevance of cannabis-drug interactions [73], particularly with
efavirenz (EFV) and EVG/COB], as they can increase plasma levels of cannabis, prolong
its clinical effects, and increase toxicity [32]. In addition, there are a significant number of
clinically relevant drug interactions associated with the use of illicit drugs, such as am-
phetamines, cocaine, ecstasy (MDMA), and ketamine in combination with NNRTIs and
elvitegravir/cobicistat, with the most serious combination being cocaine (Level 1) (32,33).
Cocaine use can lead to an increase in plasma levels, which can be life-threatening due to
the risk of rhabdomyolysis, arrhythmia, and cardiovascular collapse (33). Furthermore, a
significant percentage of clinically relevant interactions were identified between psycho-
tropic drugs, particularly benzodiazepines, which have the potential to cause dependence
in patients. In combination with boosted PIs and EVG/COBI, the probability of respiratory
depression, sedation, and muscle weakness is increased [13].

The method for assessing the clinical relevance of drug interactions used in this re-
view is similar to used in previous reviews [5-8]; therefore, these results are useful to up-
date and to synthesize the previous identified information regarding ARV drug-interac-
tions. Thereby, the 355 newly identified drug interaction pairs will be used to update the
mobile application for analyzing the clinical relevance of ARV drug-interactions (In-
terApp ARV) [10], which is an evolution of the SIMARV® software [9]. The application
is freely accessible and can be downloaded for Android devices from the Play Store.
(https://play.google.com/store/apps/details?id=co.com.pypudea.interapparv).

The results of this review may have some limitations; therefore, the results should be
interpreted and used with caution. In this context, the main limitation is the search re-
striction to a single database, since the search was performed only in the PubMed/MED-
LINE database, which may not identify other clinically relevant interactions. However,
this situation could be minimized with the inclusion of publications identified as relevant
in the references of the articles included.

5. Conclusions

From 2017 to 2022, in PubMed/Medline database we identify 361 records that may
relate to drug interactions in patients living with HIV, among than 148 provide specific
information for drug interactions in people living with HIV on antiretroviral therapy.
Thus, the clinical relevance of 894 drug-interactions pairs is assessed, of them 355 are pairs
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not previously identified, a figure that is lower than the one reported in the update 2015-
2017. Among the 355 newly identified drug-interactions pairs, 72 (20.2%) are assessed as
level 2, while 89 (25.1%) as level 1, and thus with a high risk of causing adverse drug
outcomes linked to ineffectiveness or unsafety of pharmacotherapy. Pharmacokinetics is
the mechanism more frequently identified to explain the drug interactions. In addition,
NNRTIs were the ARV drugs that had the highest number of clinically relevant interac-
tions. Oral anticoagulants and antituberculosis medications were the drug groups that
most frequently interacted with ARV, accounting for 20.6% and 12.7% of cases, respec-
tively. In people living with HIV, a high frequency of clinically relevant drug interactions
is associated with the use of illicit drugs, mainly cocaine, and with psychotropic drugs,
particularly benzodiazepines.
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