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Abstract

Background

Contemporary first-line antiretrovirals have considerably reduced liability for clinically significant
drug-drug interactions (DDI). This systematic review evaluates the prevalence of DDI amongst people
receiving antiretrovirals across three decades.

Methods

We searched three databases for studies reporting the prevalence of clinically significant DDIs in
patients receiving antiretrovirals published between January 1987 and October 2020. Clinically
significant DDIs were graded by severity. All data extractions were undertaken by 2 independent

reviewers, adjudicated by a third.

Results

Of 20,601 records returned, 7,775 were duplicates. After screening the remaining 12,724 abstracts
against inclusion criteria, 102 papers were included for full-text analysis, from which a final list of 29
papers were included for data synthesis. While there was a modest reduction in patients
experiencing an amber DDI (1.69% per year; 95%Cl=-2.65% to - .74%, P=0.001), the proportion of
patients experiencing a red DDI did not change over time (0.43%, 95%Cl=-1.39 to .52%, P=0.361).
The most frequently reported classes of antiretrovirals involved in DDIs were protease inhibitors and
non-nucleoside reverse transcriptase inhibitors; of note integrase use in the most recent studies was

highly variable and ranged between 0-52%.

Conclusions



The absolute risk of amber DDIs have only moderately decreased and red DDIs have not decreased
over the period covered. This is likely related to continued use of older regimens and an ageing
cohort of patients. A greater reduction in DDI prevalence can be anticipated with broader uptake of

regimens containing unboosted integrases, or non-nucleoside reverse transcriptase inhibitors.
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Introduction

Antiretroviral treatment has transformed HIV into a chronic condition where long-term survival is
the expectation *. Antiretroviral regimens consist of lifelong medications, frequently with significant
propensity for drug-drug interactions (DDIs), where each antiretroviral agent may be a victim of a
DDI (affecting antiviral efficacy or safety) or else a perpetrator, adversely affecting efficacy or toxicity
of concurrent medications 2. In the latter case, use of boosted protease inhibitors are associated
with the highest risk of DDIs followed by older non-nucleoside reverse transcriptase inhibitors 3. In
contrast, modern first-line regimens based on unboosted integrase inhibitors (such as dolutegravir,
bictegravir, raltegravir, and cabotegravir), newer non-nucleoside reverse transcriptase inhibitors 3
(such as rilpivirine and doravirine), or the attachment inhibitor fostemsavir have significantly less risk
for DDIs *. While this would be expected to reduce the overall frequency of DDIs, the changing
demographic resulting from an ageing cohort of people living with HIV receiving antiretrovirals, who
develop other co-morbidities may push the overall frequency of DDIs in the opposite direction: for
example in the UK, 42.4% of people accessing HIV care in 2019 were aged 50 or over °.

Polypharmacy (defined as taking 5 or more co-medications in addition to antiretrovirals) is a strong
predictor of risk for DDIs. DDIs may also be more likely to result in harms in older people, due to

physiological changes ®°.

An understanding of the prevalence and risks of DDIs in the era of modern antiretrovirals, and how
this has been affected by newer regimens against a background of a global ageing population of
people living with HIV (PLHIV) is important, since this informs treatment guidelines, health policy,
and drug safety. We undertook this systematic review to evaluate how the risk of DDIs in PLHIV has
changed over time, from the introduction of the first antiretrovirals to the current era. To our
knowledge, this is the first systematic review attempting to integrate different DDI studies

performed in multiple cohorts.



Methods

We undertook a systematic review of the literature. Three databases (PubMed, Web of Science,
Scopus) were searched for papers published between 01/01/1987 —07/31/2022 (the start date was
chosen to coincide with the year of approval of the first antiretroviral). Inclusion criteria were
studies evaluating interventions to reduce DDIs, population-based studies, and studies on
medication and prescribing errors. Exclusion criteria were treatment updates, conference highlights,
guidelines, studies on specific drug combinations or in specific co-morbid/co-infected patients,
studies performed on subpopulations, (i.e. specific patients excluded, subpopulations of older age
groups were included, with bias due to age restriction taken into account), mechanistic or pre-
clinical studies, pharmacokinetic studies, modelling studies, paediatric studies, studies conducted on
inpatients, reviews, and opinion papers. Papers that did not report the number of patients on
antiretrovirals, the number of patients experiencing a DDI, the severity of DDIs, or the time frame
over which data were gathered were considered to not have sufficient data for analysis. Papers that
included interactions between co-medications or only interactions between antiretrovirals were
excluded due the risk of biasing the outcome. The search parameters are listed in Table S1.
Identified studies were screened for duplicates with Clarivate Endnote X9.3.3 (London, UK) 7 then
imported into the Rayyan website (Cambridge, MA) &. Following abstract screening, full texts were
sought for retrieval from 122 abstracts. In the case that these were not available, authors were
contacted for manuscripts. All texts were successfully retrieved. Ninety-seven texts were selected
for data extraction according to the selection criteria, of which thirty-four papers were eligible for
inclusion in the systematic review. Excluded full texts are listed in Table S2. Papers were assessed for
risk using a generic tool examining bias in selection participants, bias from poor or inadequate
reporting, bias in choice of outcome measures, bias in reporting outcomes selectively, and bias due
to conflict of interest °. This generic tool was used, as other tools were not applicable for

synthesising retrospective chart reviews without interventions. Each stage of the review (abstract



screening, full text screening, data extraction, and risk of bias analysis) was carried out by at least
two independent reviewers (DH, EH, EMH, PH) with adjudication of conflicts after unblinding by a

third reviewer (SK). For Spanish full texts, a native Spanish speaker (SGC) also reviewed the text.

The following data were extracted into Microsoft Excel 365 (Redmond, WA) from the studies
selected for inclusion: time frame of study, location of study and WHO region, whether participants
represented a subpopulation, median or mean age of participants, prevalence of integrase inhibitor
use (boosted or unboosted), tool used to detect clinically significant DDIs, total number of patients
on antiretrovirals, total number of patients experiencing at least one amber DDI, at least one red
DDI, or at least one potentially clinically significant DDI, top candidates for DDIs, and funding source
and conflicts of interest. One paper reported two arms over different study periods; these were
considered as two separate cohorts. DDIs were defined according to the Liverpool Drug Interaction
protocol 1° used by the DDI checker (https://www.hiv-druginteractions.org) where a red DDI denotes
a contraindication or strong recommendation not to prescribe and an amber DDI denotes the
requirement for increasing monitoring, or a dose modification. Our protocol includes two grades of
non-clinically significant interactions: yellow is used for a potential or theoretical pharmacokinetic
interaction which is unlikely to be clinically significant and green denotes no DDI. For papers not
utilising the Liverpool Drug Interactions website to identify DDIs, the tool used was converted to the
equivalent Liverpool grade. We define clinically significant DDIs to include both red and amber DDls.
Following consensus of reviewers, data were collated and analysed with Rstudio 1.3.1093 (Boston,
MA) using R version 4.0.2. The primary endpoint for the systematic review was the change in
incidence of potentially clinically significant DDIs from 1987-2022. Studies which reported the
proportion of patients experiencing at least one amber and the proportion of patients experiencing
at least one red DDI were included in the statistical analysis to investigate this endpoint. Some
studies reported the number of patients on antiretrovirals and co-medications. We chose number of
patients on antiretrovirals as the denominator to (i) increase the number of studies available for

analysis and (ii) to better represent the risk of DDIs to the whole population taking antiretrovirals.



For correlation with median age, studies which provided arms with different median ages were
considered as independent cohorts. Statistical analyses were performed in Stata 14 (College Station,
TX). Statistical significance was determined by weighted linear regression. Figures were prepared

with GraphPad Prism 9.2.0 (San Diego, CA).

Details of the protocol for this systematic review were registered on PROSPERO !
(CRD42020216066). The protocol was edited to remove an author who was unable to work on the
project, to revise the method of recording time to avoid skewing the data, and to extend the search

period.



Results

A total of 21,665 records were retrieved, of which 13,596 were determined to be unique after de-
duplication. Of these, 122 records were determined to be appropriate for full text analysis. The high
rate of attrition was due to a high incidence of pre-clinical studies in the search results. Of the 122
full texts, we identified 34 records for inclusion in our review (Figure S3). The list of studies excluded
can be found in Table S2. Risk of bias analysis highlighted a few key areas of risk. Four studies 12
only selected patients over a certain age threshold. These studies may therefore skew towards more
clinically significant DDIs due to increased polypharmacy in older age groups . One study included a
very low number of paediatric patients (0.49% of the cohort), but we did not consider this number
to be high enough to exclude it from our review or to cause significant risk of bias *’. Nine studies
explicitly included interactions between antiretrovirals, with a further study unclear on this point.
The intentional interaction of protease inhibitors with their boosters was disregarded. For a minority
of studies evaluated, it was not possible to separate DDIs between antiretrovirals from those
between antiretrovirals and comedications. Another possible source of bias is the difference in the
extent of ascertainment of inclusion of herbal remedies, recreational drugs, and over-the-counter
medication. Fifteen papers explicitly did not include over-the-counter medication and other
unprescribed drugs, three included some but not all unprescribed medication, and four papers did
not provide information. Despite these areas of risk, all the final 34 papers were considered
sufficiently bias-free to allow integration. The full risk of bias analysis for included papers can be

found in Figure S4.

The characteristics of the 34 included studies are available in Table 1. Further to data extraction, 18
papers were eligible for the statistical analysis. The percentages of patients taking antiretrovirals
who experienced potentially clinically significant DDIs can be found in Table 2. The percentage of
patients experiencing at least one potentially clinically significant DDI was varied across studies, with

a range of 3-84.2% and a mean of 43.9%. One study (Chen 2020) had a very low prevalence of



potentially clinically significant DDIs (3%) 2. This is due to the low use of comedication in this cohort,
likely due to age (70% <50 years old). Of the papers that reported severity of DDI, 38.8% of patients
experienced at least one amber DDI (range 18.3-77.3) and 4.5% experienced at least one red DDI
(range 0.4-14.8). Weighted regression analysis suggests a marginally significant interaction effect
between DDI severity and year on the proportion of DDI (P=0.066). In the amber group, the DDI was
decreased by 1.69% per year (95%Cl=-2.65% to -.74%, P=0.001) whereas the annual decrease in DDI
in the Red group was no different from O (regression efficient: 0.43%, 95%Cl=-1.39% to .52%,
P=0.361). (Figure 1). Eighteen papers reported the incidence of integrase inhibitor use within their
cohorts, with a wide range (0-88.7%) of uptake seen, even within the past five years (S5). Integrase
inhibitor use did not appear to influence the incidence of clinically significant DDIs, but this was not
analysed due to the inclusion of boosted integrase inhibitor regimens in some studies. There was no
interaction effect between DDI severity and median age on the proportion of DDI (P=0.706). In
addition, no association was found between median age and percentage of patients experiencing at

least one red or at least one amber DDI (P=0.763) (Figure 2).

Our systematic review was designed to be as inclusive as possible, by searching three different
databases and by not using language as an exclusion criterion. Despite this, only papers in English or
Spanish were retrieved. Most of the studies were from Europe (19 papers, of which 9 were included
in the statistical analysis), followed by North America (5 papers, all of which were included in the

statistical analysis).

The most frequently reported antiretroviral classes involved in clinically significant DDIs were
boosted protease inhibitors and non-nucleoside reverse transcriptase inhibitors. The most
frequently involved comedication classes were central nervous system agents, antimicrobials,
cardiovascular agents, gastrointestinal agents, statins, and corticosteroids (Table 3). The key

clinically significant DDIs between these classes and their mechanisms are listed in Table S6.



Discussion

PLHIV are at risk of DDIs and many studies have been conducted to quantify that risk. To our
knowledge, this is the first time a systematic review has undertaken to evaluate whether the global
prevalence of clinically significant DDIs has changed over time. We observed a wide range in the
data, with an overall mean prevalence of clinically significant DDIs affecting 42% of PLHIV taking
antiretrovirals. The majority of these clinically significant DDIs are graded amber affecting 35% of
PLHIV taking antiretrovirals. Red DDIs were less common, affecting 5% of PLHIV taking
antiretrovirals. Amber DDIs have decreased slowly, but significantly over time. The proportion of
patients taking antiretrovirals experiencing at least one amber DDI has fallen by 1.69% per year from

1987-2020. No such change was seen for the number of PLHIV experiencing at least one red DDI.

Despite the marked reduction of risk for DDIs with newer first-line antiretroviral regimens, we have
not yet observed an equivalent reduction in the global prevalence of DDIs across the time-period
surveyed. It is notable that the median age of PLWH has increased across the world, with an
accompanying rise in the prevalence of multimorbidity ¢, and this may offset reductions in the
relative risk of DDIs with contemporary antiviral regimens. However, in this review, we did not find
an association between median age and incidence of DDI. Additional compounding factors are the
lag time in publication (data several years old by time of reporting), and differing rates of transition
to unboosted integrase inhibitor-based regimens. Indeed, studies in this dataset published in the last
5 years (2015-2020) did not reflect a large uptake in integrase inhibitor-based regimes, despite their
recommendation as a first line treatment 2. This may, in part, be explained by a time lag between
data collection and publication. Among the cohorts reporting high use of unboosted integrase
inhibitors such as Lopez-Centeno et al. (39.35% of patients receiving antiretrovirals) there was a
lower prevalence of amber DDIs (18%) 7. Two surveys of the Swiss HIV Cohort carried out 10 years
apart reported use of unboosted integrase inhibitors rising from 0% in 2008 to 40% in 2018, with a

consequent reduction of amber DDIs from 40% to 23% 9%°. In addition, studies from Switzerland and



the UK suggest that younger individuals (with more recent initiation of antiretroviral therapy) were
more likely to be receiving first-line, integrase containing fixed dose formulations than older patients
who were more likely to be optimally controlled on older antiviral regimens 2X. The classes of
antiretrovirals most frequently associated with potentially clinically significant DDIs in this review
were boosted protease inhibitors and non-nucleoside reverse transcriptase inhibitors. This would
seem to support the hypothesis that the lack of uptake of unboosted integrase inhibitor-based
regimens accounts for the surprisingly small change of incidence in DDIs seen in this review. Indeed,
of the nine studies which undertook a multivariate analysis for risk factors for increased DDlIs, eight
found protease inhibitor use to be an independent risk factor 118202226 Twg studies also found that
unboosted integrase inhibitor use was an independent protective factor, and was associated with

decreased DDIs 1718,

We did not find a correlation between median age and proportion of patients experiencing either a
red or an amber DDI. However, as our datasets were not contemporaneous, the effect of age cannot
be ruled out. Five studies found age to be an independent factor contributing to increased incidence
of clinically significant DDIs in multivariate analysis 82%2224 Three studies failed to detect any such
association, although one speculated this was due to age being of less impact in an African setting,
having previously found age to be a factor in the UK in univariate analysis 2>?’. Finally, one paper
found age greater than 50 to be associated with less red DDIs *’. As the population of PLHIV
continues to age, clinicians need to be extra vigilant of drug interactions due to increased

polypharmacy in this group %%,

There are several limitations to this work. The time lag from study to publication means that the full
impact of the transition to integrase inhibitors may not yet have been observed. Marked differences
in integrase inhibitor use was observed ranging from 0-42% (Table 1). Additionally, our review may

lack the sensitivity required to detect small changes given the heterogeneity of studies — the clearest

example of this was the audit of DDIs repeated 10 years apart in the Swiss cohort where a 16%



decrease in DDI prevalence was associated with increased use of unboosted integrase inhibitors. Of
note, the prevalence of red DDIs did not change . The different rates of adoption of dolutegravir
into first-line use, and the high prevalence of tuberculosis in some countries, may also have
contributed to geographic differences. We excluded hospital inpatients due to the number of short-
term comedications, along with paediatric patients who represent a distinct cohort 3° — except for
Lépez-Centeno 2020 where the numbers of patients under 18 years were very low 31, Studies in
specific co-infected or co-morbid patients were excluded to minimise bias from specific interactions
e.g. tuberculosis therapy 32. Not all studies collected comedications with the same rigour (over-the-
counter, herbal, and recreational drugs), or presented data in the same way (e.g., 27 studies
analysing DDI prevalence according to numbers of prescriptions rather than individuals were
excluded). Four studies also only selected for older PLHIV, which may be likely to result in higher
prevalence of DDIs 28, Despite this, our systematic review suggests that DDIs continue to pose a risk
for harm, and support European AIDS Clinical Society (EACS) 2 and WHO 23 recommendations to

screen for DDIs when initiating or changing treatment in PLHIV.

In conclusion, despite a marked reduction in propensity for clinically significant DDIs with modern
antiretroviral regimens, we found only a 1.69% decrease per year in the proportion of patients
experiencing an amber DDI and no change in those experiencing a red DDI. This appears to
correspond to a reduction in DDIs in cohorts with high integrase inhibitor use. The period surveyed
predated the widespread adoption of unboosted integrase inhibitors. We speculate that the limited
use of unboosted integrase inhibitors may be why incidence of potentially clinically significant DDIs
has only slightly decreased. DDIs could be significantly reduced by pre-emptive switching (as
recommended in guidelines) to contemporary regimens where possible especially in older patients
with multiple comorbidities 233, Prescribers need to remain vigilant when treating PLHIV and urged
to check drug interactions on tools such as the Liverpool DDI checker (www.hiv-

druginteractions.org).
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Table 1.

No
A A - INI B Non-R No. istical
Reference Start End Patients ge . ge Sub use oosted on-ix ° Country Tool Statlst!ca
(median) | (mean) | pop (%) INI Included | Comeds analysis
on ARVs .
(%) (median)
Miller 2007 24 May-06 Sep-06 153 48 0 No 11 USA DHHS Guidelines, N4
Micromedex, US
Prescribing Information
Evans-Jones 2010 %> | Jun-08 Jul-08 159 41 Yes UK Liverpool
Marzolini 2010 *° Apr-08 Jan-09 1497 46 Yes Switzerland | Liverpool v
Kigen 2011 3* Jan-06 Nov-07 996 39 No Kenya Liverpool v
Patel 2011 % Jan-10 May-10 229 47 17.5 0 5 USA DHHS Guidelines, N4
Lexicomp
Holtzman 2013 & Jan-06 Dec-10 3810 46 0.3* No 3 USA Liverpool v
Seden 2013 3¢ Dec-09 Oct-11 200 43 0 Yes UK Liverpool, SmPC
Tseng 2013 %7 Jan-10 Jan-12 914 14.6* Yes Canada Liverpool, Canadian N4
Product Monograph
Iniesta-Navalon May-13 Sep-13 268 45.6 5.6* No Spain Basede datos del
2015 38 medicamento del
Colegio Oficial de
Farmacéuticos de
Espafia (BOT)
Seden 2015 2¢ May-12 May-12 2000 40.4 Uganda Liverpool
Cervero 2016 ¥ Jan-85 Dec-14 142 48 Spain Liverpool, SmPC
Cérdova 2016 “° Sep-12 Nov-12 217 41 0 Argentina Liverpool v
Baecke 2017 2 Jan-09 Apr-16 145 42 42.1* 29.5 No 4 Belgium Liverpool
Bastida 2017 2 Nov-14 Nov-14 197 71.2 >65 No 5.6 Spain Liverpool, Hospital Clinic
(mean) de Barcelona database
Pholtawornkulchai Apr-14 Jun-14 1320 44 No Thailand Liverpool
20174
Shafiekhani 2017 #> | Oct-14 Mar-15 200 39.5 0 No Iran Lexicomp




Jiménez-Guerrero Jan-14 Dec-14 242 57.5 >50 4.6* 9.1 No Spain Drugs.com
2018 3
Molas 2018 4 Mar-15 Sep-16 1259 47 14.5* Yes Spain Liverpool, Hospital Clinic | «
de Barcelona database,
Toronto General
Hospital database
Ranzani 2018 Jan-16 Jun-16 744 56.1 >50 40.9* Yes —if 2 Italy Liverpool v
recorded
Siefried 2018 * Sep-13 Nov-15 522 50.8 Yes 3.6 Australia Liverpool, Australian
(mean) Product Label, US
Prescribing Information
Halloran 2019 % Jan-13 Dec-16 1044 Yes—not | 4 UK Liverpool
recreatio
nal
Lépez-Centeno Jan-17 Jun-17 22945 48 0.5% 52.0%* 27.0 No Spain Liverpool v
2020V <18
Oreagba 2019 %/ Jan-05 Dec-15 500 46 No Nigeria Liverpool
Chen 2020 1# Oct-18 Apr-19 1780 42.92 4.3* 4.0 1.8 China Liverpool
(mean)
Deutschmann 2020 | Jan-18 Dec-18 9298 51 55.7% 28.2 Yes Switzerland Liverpool N4
20
El Moussaoui 2020 | Jan-12 Dec-12 803 No 2 Belgium Liverpool N4
t Jan-16 Dec-16 969 No 2 Belgium Liverpool Vv
Pontelo 2020 7 Jun-15 Jul-16 304 0 No Brazil Liverpool
Ruellan 2020 ° Jan-17 Mar-17 239 69 >65 No France Liverpool, French DDI N4
Thesaurus, SmPC
Schlaeppi 2020 “ Jan-13 Dec-16 2069 39 No Tanzania Liverpool v
Funke 2021 #° Sep-16 Mar-17 453 46 58* 25.5 Yes—not | 2.8 Germany Liverpool N4
recreatio | (mean)
nal
Kunimoto 2021 *° Jan-19 Apr-19 71 45 >20 88.7* 6.4%* No 3 Japan Lexicomp
Murray 2021 %! Jun-13 May-15 621 >50 30.9* No USA Liverpool 4
Wang 2021 2 Jan-16 Dec-16 19614 39 12.8 0 No Taiwan Liverpool v




Tinggaard 2022 >3

Sep-18

Nov-19

337

53

38*

23.4

Yes —not
recreatio
nal or
supplem
ents

Denmark

Liverpool




Table 2.

Atl 1 clinicall At least 1 Amber

Reference sitg ;Zitanthch?%‘)l (%) At least 1 Red (%)
Miller 2007 % 41.2 39.2 6.5
Evans-Jones 2010 % 27.0
Marzolini 2010 *° 40.0 39.9 1.4
Kigen 2011 34 33.5 23.1 14.8
Patel 2011 3° 34.1 32.8 2.6
Holtzman 2013 % 33.3 7.0
Seden 2013 2636 57.5
Tseng 2013 ¥ 62.7 62.5 3.4
Iniesta-Navalén 2015 38 14.6
Seden 2015 ¢ 18.7
Cervero 2016 39 27.5
Cérdova 2016 %° 31.3 30.9 1.4
Baecke 2017 * 49.0
Bastida 2017 ** 65.0
Pholtawornkulchai 2017 # 40.4
Shafiekhani 2017 # 63.5
Jiménez-Guerrero 2018 3 455
Molas 2018 + 44.7 415 3.3
Ranzani 2018 1 53.1 47.4 5.7
Siefried 2018 45.4
Halloran 2019 % 49.9
Lépez-Centeno 2020 Y7 18.3 3.2
Oreagba 2019 % 84.2
Chen 2020 *® 3.0
Deutschmann 2020 %° 22.5 1.7
El Moussaoui 2020 %6 435 16

40.8 4.6
Pontelo 2020 ¥/ 50.0
Ruellan 2020 ¥ 25.1 20.1 7.1
Schlaeppi 2020 * 31.2 30.7 0.4
Funke 2021 % 41.5 1.3
Kunimoto 2021 *° 62.0
Murray 2021 >1 84.1 77.3 6.8
Wang 2021 *2 41.1 4.8
Tinggaard 2022 >3 51.6 4.5
n 27 19 19
Range 3.0-84.2 18.3-77.3 04-14.8
Mean 43.9 38.8 4.5
Standard Deviation 19.4 14.5 33




Reference

Most common
ARVs

Most common comeds

Miller 2007 # PI, NRTI Steroids, Gl agents.

Evans-Jones 2010 % Pl CNS agents, antibiotics, recreational

Marzolini 2010 ** PI, NNRTI Sedatives, CNS agents, CV agents, methadone
Kigen 2011 3 NNRTI Antimicrobials

Patel 2011 3 Statins, PDEI, CV agents, Gl agents, methadone, steroids
Holtzman 2013 # Pl, NNRTI Gl (PPI), statins, ED agents

Seden 2013 % Pl CNS agents

Tseng 2013 ¥/ Pl CV agents, narcotics, CNS agents, antimicrobials
Iniesta-valon 2015b

Seden 2015 % NNRTI Antimicrobials

Cervero 2016 *° Pl, NNRTI Statin, opiates, benzodiazepines

Cérdova 2016 %° NNRTI, PI Antimicrobial, anxiolytics

Baecke 2017 %

Antimicrobials, CV agents, CNS agents

Bastida 2017 2

Pls, NNRTIs, INI

Gl agents, CNS agents, genital urinary and sex hormones

Pholtawornkulchai 2017 PI, NNRTI Antimicrobials, statins

41

Shafiekhani 2017 #? NNRTI, NRTI Antimicrobials

Jiménez-Guerrero 2018 3 | PI, NNRTI Statins, CNS agents, corticosteroids, CV agents

Molas 2018 4 Pl, NNRTI CNS agents, Gl agents, statins

Ranzani 2018 % PI, NNRTI Urological agents, Gl agents, antipsychotics

Siefried 2018 # Pl Corticosteroids, CNS agents, NSAIDs, Gl agents, Anti-
coag, CV agents, ED agents

Halloran 2019 % PI Anti-coagulants, corticosteroids

Lépez-Centeno 2020 V7 PI Corticosteroids, CNS agents, Gl agents

Oreagba 2019 % Pl, NNRTI Antimicrobials

Chen 2020 *® Pl Ca? channel blockers

Deutschmann 2020 %° PI, NNTRI Corticosteroids, CNS agents

El Moussaoui 2020 *® Pl Cardiovascular, Gl agents, respiratory

Pontelo 2020 #’ NNRTI, PI Antimicrobials, CNS agents, statins, ED agents

Ruellan 2020 ** PI Statins, anti-coagulants, CV agents

Schlaeppi 2020 *® PI, NNRTI Antimicrobial, NSAIDs, CV agents

Funke 2021 % INI, P1, NNRTI Dietary supplements, statins, CV agents, ED agents,
levothyroxine

Kunimoto 2021 *° INI Gl agents, dietary supplements

Murray 2021 °*

Wang 2021 >2 NNRTI, INI NSAIDs, Gl agents

Tinggaard 2022 >3 INI, NNRTI, PI Gl agents, ED agents
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Figure Captions

Table 1. Summary characteristics of included studies. *Regimens may also have included
pharmacokinetic boosters. **Figure represents INI prescribed in addition to a Pl. Grey boxes indicate
data not reported. ARVs antiretrovirals, DDI drug-drug interaction, DHHS Department of Health and

Human Services, INI integrase inhibitor, SmPC summary of product characteristics.

Table 2. Proportion of patients in the included studies who were receiving antiretrovirals and

experienced at least one of the indicated DDls.

Table 3. Most common drug classes reported to be involved in DDIs. ARVs antiretrovirals, CV
cardiovascular, ED erectile dysfunction, Gl gastro-intestinal, INI integrase inhibitor, NSAID non-
steroidal anti-inflammatory drug, NNRTI non-nucleoside reverse transcriptase inhibitor, NRTI

nucleos(t)ide reverse transcriptase inhibitor, PDEI phosphodiesterase inhibitor, Pl protease inhibitor.

Figure 1. Proportion of patients experiencing at least one amber DDI had a small negative
correlation with time. No correlation found for patients experiencing at least one red DDI.
Significance tested by weighted linear regression with population size as the weight. Weighted linear
regression suggested a marginally significant interaction between DDI severity and weight (P=0.066).
Amber: regression coefficient -1.69% per year (95%Cl=-2.65% to -0.74%, P=0.001); red: regression
coefficient 0.43% per year (95%Cl=-1.39% to 0.52%, P=0.361). ns= non-significant, ***=P<0.001

(n=15).



Figure 2. Median age does not correlate with experiencing at least one amber or red DDI.
Significance tested by weighted linear regression with the population size as the weight. Weighted
linear regression did not find a correlation between age and incidence of DDI, P=0.763, ns=non-

significant, (n=11-13).



