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Abstract

Background/Objectives: Human immunodeficiency virus (HIV) continues to be a global
public health concern. Several antiretroviral drugs have been approved for the treatment,
post-exposure, and pre-exposure prophylaxis of HIV. Darunavir (DRV) is a protease in-
hibitor (PI) approved for the management of HIV globally. This study aims to generate
safety signals for DRV through data mining and analysis of adverse events (AEs) reported to
the United Kingdom (UK) Medicines and Healthcare products Regulatory Agency (MHRA)
Yellow Card Scheme. Methods: Disproportionality analysis was conducted using reporting
odds ratio (ROR), proportional reporting ratio (PRR), and Bayesian confidence propagation
neural network (BCPNN) approaches to identify potential safety signals. Results: The
MHRA database contained n = 779 reports (n = 1791 AEs) attributed to DRV. The majority
of AEs were reported for males. Positive safety signals were identified at both the system
organ class (SOC, n = 5) and preferred term level (PT, n = 95). At SOC level, endocrine dis-
orders emerged as a signal of interest n = 33 cases (ROR: 8.17, 95% CI: 5.78-11.56; PRR:7.96,
95% CI: 5.68-11.15; and IC: 2.85, IC025: 2.51). Among the results, 40 new potential safety
signals are not listed on the product labelling in the UK. These include serious AEs such
as cerebrovascular accident, brain injury, thrombosis, and pregnancy, puerperium, and
perinatal AEs. Conclusions: This study provides additional real-world safety data for DRV
in the UK and paves the way for future observational studies to investigate the identified
safety signals.

Keywords: darunavir; protease inhibitor; HIV; adverse event; adverse drug reaction;
pharmacovigilance; Yellow Card Scheme; MHRA

1. Introduction

Human immunodeficiency virus (HIV) continues to be a global public health concern.
The World Health Organization (WHO) has estimated global prevalence to be approxi-
mately 40.8 million people living with HIV (PLWH) in 2024, the majority (96.7%) of whom
are aged >15 years old. Furthermore, around 31.6 million PLWH are on antiretroviral
therapy (ART) [1]. The benefits of ART are remarkable; it restores immune function and re-
duces the risk of opportunistic infections [2]. Consequently, it improves the life expectancy
and quality of life (QoL) of PLWH [3,4].
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Adherence to ART is one of the crucial factors of successful HIV management. How-
ever, adherence to medicines decreases as the complexity of the regimen increases, particu-
larly with an increase in daily doses and pill burden [5]. Additionally, AEs associated with
ART significantly affect treatment adherence, which may lead to poor clinical outcomes [5].
ART discontinuation is associated with increased risks of viremia, developing drug resis-
tance, and a decline in the cluster of differentiation 4 helper cells (CD4 T cells) [2]. Studies
estimate that the discontinuation rate of ART due to AEs is approximately 38-45% [6,7].

Since the discovery of the first anti-HIV drug, zidovudine, in 1987, several other drug
classes have been discovered. These include nucleoside/nucleotide reverse transcriptase
inhibitors (NRTIs), e.g., lamivudine and tenofovir, non-nucleoside reverse transcriptase
inhibitors (NNRTIs), e.g., efavirenz and nevirapine, protease inhibitors (PIs), e.g., darunavir
and atazanavir, integrase strand inhibitors (INSTIs), e.g., dolutegravir and raltegravir,
entry inhibitors, e.g., maraviroc and enfuvirtide, and pharmacokinetic enhancers (PEs),
e.g., ritonavir and cobicistat [8-11]. These drugs are used in combination antiretroviral
therapy (cART). Typically, cART consists of two NRTIs drugs and one drug from one of the
following classes: an INSTI, NNRTI, boosted PI, or an entry inhibitor [12].

Darunavir (DRV) is a second-generation PI that was approved by the European
Medicines Agency (EMA) in 2008 for the treatment of HIV in ART treatment-experienced
adults, including those with HIV-1 resistance to more than one PI [13]. DRV is co-
administered with either cobicistat or a low dose of ritonavir as a pharmacokinetic enhancer
in combination with other antiretroviral drugs [14].

PIs competitively inhibits the activity of HIV-1 proteases, an essential enzyme during
the HIV-1 cell cycle. HIV-1 protease is a homodimeric aspartyl protease that cleaves the
precursor Gag and Gag-Pol polypeptides to generate structural proteins and other HIV-1
key enzymes such as integrase, protease, RNase H, and reverse transcriptase. The Gag and
Gag-Pol viral polyproteins are responsible for viral assembly and ultimately the release of
mature virions from the host cells [15,16].

Post-authorisation observational studies have demonstrated that DRV-based therapies
are generally well tolerated [17,18]. DRV has a favourable safety profile; however, several
AEs have been reported in both clinical trials and real-world studies, including hepatic
disorders, cardiovascular disease, metabolic disorders, gastrointestinal disorders, pancre-
atitis, sexual dysfunction, and lipodystrophy [19-22]. Recently, there have been mixed
safety findings regarding the cardiovascular risk associated with DRV-based therapies. A
multi-centre study revealed evidence of approximately 50% increased risk of cardiovascular
(CVD) risks associated with 5 years cumulative exposure to darunavir boosted with riton-
avir (DRV/r) compared to those not exposed [23]. In contrast, Costagliola et al. reported no
increased risk of CVD AEs associated with DRV [24]. Similarly, an Antinori et al. found no
evidence of CVD AEs association [25]. Additionally, a 2024 review reported potential ad-
verse pregnancy outcomes with the use of PIs (including DRV), which include intrauterine
growth restriction, preterm birth, small-for-gestational-age infants, and early-onset severe
preeclampsia [26].

Despite these risks versus benefits, DRV remains an important component of cART.
A recent study has demonstrated that DRV /r plus dolutegravir (DTG) is a highly po-
tent second-line strategy combination compared to the (DTG + Tenofovir + Lamivu-
dine/Emtricitabine) (DTG + TDF/XTC) combination. This supports the WHO recom-
mendation of DRV /r as an alternative second-line ART regimen for adults, adolescents,
children, and infants [27]. Furthermore, in the UK, DRV is recommended as one of the
two-drug regimens for treatment switches for virally suppressed patients or as maintenance
therapy [3]. Given all these factors, DRV plays a critical role in HIV management, and as
such, it is timely to continuously monitor its safety profile within the UK population. Previ-



Pharmacoepidemiology 2025, 4, 25

30f16

ously, a pharmacovigilance study employing the United States of America (USA) Food and
Drug Administration (FDA) Adverse Event Reporting System (FAERS) database revealed
several positive safety signals for DRV and its boosted agents including progressive acute
pancreatitis, extraocular muscle paralysis, exfoliative dermatitis, stillbirth, premature birth
and premature rupture of membranes [28].

To contribute to these efforts, a retrospective pharmacovigilance study was conducted
to provide insights into the long-term post-marketing safety of DRV in the UK population.
This study provided additional AE signal information on the safety profile of DRV in the
UK, which involves diversity in terms of population demographics, ethnicities, prescribing
patterns, and healthcare practices that differ from the USA.

This study interpreted AEs reported to the Medicines and Healthcare products Regu-
latory Agency (MHRA) by healthcare professionals, patients, carers, and pharmaceutical
companies. The data underpinning this study are publicly available through the interactive
Drug Analysis Profiles (iDAPs) on the Yellow Card Scheme, which provides essential
UK-specific information for conducting this pharmacovigilance study. The aims of the
study were to investigate potential AE signals associated with DRV from launch in 2006 to
19 May 2024 (last collection datapoint timestamp for this study).

2. Results

From 1963 to 19 May 2024, there were n = 1,345,712 reports associated with
n = 2499 unique drugs within the complete MHRA database. Among these, n = 779 reports
(n = 1791 AEs) were suspected to be associated with DRV. The clinical characteristics of
all AEs are described in Table 1. Males (59.56%) accounted for a greater number of AEs
compared to females (34.40%), and 6.03% were classified as unknown gender. Regard-
ing age groups, the majority (39.15%) of reports were classified as unknown age of the
patient. This was followed by the 40-49 age group, which accounted for 18.23% of all
AEs associated with DRV. The majority of the reports were serious (74.84%), followed by
nonserious (16.17%), and 8.99% were fatal. AE reports were mainly reported by healthcare
professionals (98.07% of reports received).

Table 1. Characteristics of reports associated with darunavir (DRV).

Category Variable Number of Reports (%)
Total Reports 779 (100.00)
Sex Male 464 (59.56)
Female 268 (34.40)
Unknown 47 (6.03)
Age Group 0-9 9(1.16)
10-19 13 (1.67)
20-29 42 (5.39)
30-39 74 (9.50)
40-49 142 (18.23)
50-59 114 (14.63)
60-69 63 (8.09)
70-79 16 (2.05)
80+ 1(0.13)
Unknown 305 (39.15)
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Table 1. Cont.

Category Variable Number of Reports (%)
Reporter Health care professionals (HCPs) 764 (98.07)
Patient/carer 15 (1.93)
Fatal Cases No 716 (91.91)
Yes 70 (8.99)
Report Seriousness Serious (S) 583 (74.84)
Fatal (F) 70 (8.99)
Nonserious (N) 126 (16.17)
Annual Reports 2006 1(0.13)
2007 6 (0.77)
2008 25 (3.21)
2009 24 (3.08)
2010 32 (4.11)
2011 43 (5.52)
2012 48 (6.16)
2013 43 (5.52)
2014 36 (4.62)
2015 39 (5.01)
2016 71 (9.11)
2017 64 (8.22)
2018 22 (2.82)
2019 36 (4.62)
2020 73 (9.37)
2021 71 (9.11)
2022 54 (6.93)
2023 53 (6.80)
2024 (until 19 May) 38 (4.88)

2.1. Serious vs. Non-Serious Adverse Events (AEs)

A chi-squared test of independence was used to assess the relationship between the
seriousness of cases and gender. There was a statistical association between gender and the
seriousness of the AEs. Males had a significantly higher risk of serious AEs compared to
females (OR [95% CI] = 1.76 [1.31-2.36], p < 0.05) (Table 2).

Table 2. Comparison of patient gender and age group between serious and non-serious adverse
events (AEs).

Non-Serious

Gender Serious (n) X2 (p Value) OR (95%CI)

(n)
Male 986 89
13.86 (0.0002 1.76 (1.31-2.36
Female (reference 712 113 ( ) ( )
category)

Notes. OR: odds ratio, CI: confidence interval, x2: chi-squared test.
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2.2. Signal Detection at the System Organ Class (SOC) Level

Suspected AEs were analysed at the SOC level as per the Medical Dictionary for
Regulatory Activities (MedDRA, version 27.0). Table 3 and Supplementary Table S1 present
five SOCs identified with positive safety signals. These include (i) congenital, familial,
and genetic disorders, (ii) endocrine disorders, (iii) hepatobiliary disorders, (iv) pregnancy,
puerperium, and perinatal conditions, and (v) renal and urinary disorders. Endocrine
disorders demonstrated the strongest signal n = 33 cases (ROR: 8.17, 95% CI: 5.78-11.56;
PRR:7.96, 95% CI: 5.68-11.15; and IC: 2.85, IC025: 2.51).

Table 3. Signal strength of darunavir (DRV) adverse events (AEs) at the system organ class
(SOCQ) level.

ROR PRR
SOC n ROR 05% CI PRR 05% CI IC 1C025
Pregnancy, puerperium 59 6.16 4.74-8.01 5.90 4.60-7.57 2.50 2.5
and perinatal conditions

_Renal and 55 2.13 1.62-2.79 2.08 1.61-2.69 1.04 0.78
urinary disorders

Congenital, familial, and 43 7.01 5.17-9.51 6.79 5.06-9.11 2.67 2.37
genetic disorders

Hepatobiliary disorders 39 2.07 1.5-2.85 2.03 1.49-2.76 1.00 0.69

Endocrine disorders 33 8.17 5.78-11.56 7.96 568-11.15  2.85 2.51

Notes: SOC: system organ class, n: represents the number of adverse events, ROR: reporting odds ratio,
PRR: proportional reporting ratio, IC025: lower limit of 95% CI of the IC, IC: information component, and CI:
confidence interval.

2.3. Males Versus Females for Selected System Organ Classes (SOCS)

Gender influence on the reporting rate of AEs was investigated for SOCs that showed
positive signals at the SOC level. There was no statistical association between gender
and hepatobiliary disorders and endocrine disorders (OR [95% CI] = 0.73 [0.39-1.34],
p =0.299) and (OR [95% CI] = 0.58 [0.24-1.37], p = 0.198), respectively. However, a statisti-
cally significant association was observed between gender and renal and urinary disorders
(OR [95% CI] = 2.98 [1.54-6.36], p < 0.05), gender and congenital, familial, and genetic
disorders (OR [95% CI] = 0.18 [0.07-0.39], p < 0.05) and pregnancy, puerperium, and peri-
natal conditions (OR [95% CI] = 0.12 [0.05-0.24], p < 0.05). Renal and urinary disorders
were reported more frequently for males compared to females, while females reported
more pregnancy, puerperium, and perinatal (PPP) conditions and congenital, familial, and
genetic disorders, as was expected based on biology. The association of PPP conditions
with males was due to the sex of the child via transplacental exposure. All male pregnancy,
puerperium, and perinatal condition AEs were reported for 7 children aged 0-9 years as a
result of perinatal exposure (Table 4).

Table 4. Comparison of patient gender and selected system organ classes (SOCs) associated with
positive AE signals for DRV.

SOC Cases (n) Non-Cases (n) x2 (p-Value) OR (95% CI)
Endocrine disorders 1.65 (0.198) 0.58 (0.24-1.37)
Male 10 1021
Female 12 710
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Table 4. Cont.

SOC Cases (n) Non-Cases (1) X2 (p-Value) OR (95% CI)
Hepatobiliary disorders 1.08 (0.299) 0.73 (0.39-1.34)
Male 22 1011
Female 21 701
Renal and urinary disorders 10.62 (0.001) 2.98 (1.54-6.36)
Male 42 991
Female 10 712
Congenital, familial, and 20.97 (< 0.001) 0.18 (0.07-0.39)
genetic disorders
Male 7 1026
Female 27 695
:;Zg;‘;rl‘ztfluci{’der:;?s 39.95 (< 0.001) 0.12 (0.05-0.24)
Male 7 1026
Female 41 681

Notes. SOC: system organ class, OR: odds ratio, CI: confidence interval, and x?: chi-squared statistic.

2.4. Signal Detection at the Preferred Term (PT) Level

Overall, our analysis at the preferred term level (PT) identified n = 611 PTs that were

reported for DRV, with 95 positive safety signals determined by criteria thresholds in
Section 5.2. Supplementary Table S2 provides a list of all n = 95 positive safety signals.
Table 5 presents 44 positive safety signals at the PT level that had a minimum of n =5 AEs

associated with the signal.

Table 5. Signal strength of darunavir adverse events (AEs) at the preferred term (PT) level.

Known
SOC PT n ROR R(,OR PRR PORR IC 1C025 Side Effect
95% CI 95% CI
(Y/N)
Endocrine disorders  Adrenal insufficiency 8 24.76 12.3-49.83 24.65 12.29-49.46  3.36 2.69 Y
Endocrine disorders Cushing’s syndrome 11 56.60 30.99-103.37 56.26 f 829;; 4.03 3.45 Y
Secondary 3457
Endocrine disorders adrenocortical 5 84.98 34.59-208.8 84.74 20'7 71 3.29 2.45 Y
insufficiency '
Gastrointestinal Dysphagia 7 218 1.04-4.58 218 104457 101 029 N*
disorders
General disorders
and administration Death 47 6.56 4.91-8.77 6.42 4.84-8.52 2.60 2.32 N *
site conditions
General disorders
and administration Drug interaction 45 4.60 3.42-6.19 4.51 3.38-6.02 2,12 1.83 Y
site conditions
General disorders
and administration Oedema peripheral 10 242 1.30-4.51 241 1.3-4.47 1.17 0.57 Y
site conditions
Hepatobiliary Drug-induced liver 11 1195 6.59-21.66 11.89 658-2147 301 243 Y
disorders injury
Immune
Immune system reconstitution 18 5725  35.72-91.76 56.68 3552-90.43 448 402 Y
disorders inflammatory

syndrome
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Known
socC PT #  ROR ROR PRR PRR IC  IC025 Side Effect
95% CI 95% CI
(Y/N)
Infections and COVID-19 9 356 1.85-6.86 3.54 184-680 164  1.00 N*
infestations
Infections and Coronavirus infection 7 4118 19.43-87.26 41.02 19.41-86.68 347 275 N*
infestations
Infections and Suspected COVID-19 5 5451  22.35-132.93 54.36 235> 301 237 N*
infestations 132.24
Injury, poisoning and Exposure durin
procedural P reonanc & 21 11.08 7.20-17.06 10.96 7.15-16.79 3.15 2.73 N*
complications preg Y
Injury, poisoning and
procedural dFO?tal exposure 2 1212 7.95-18.48 11.98 790-1817 326 285 N*
L uring pregnancy
complications
Injury, poisoning and
procedural Incorrect dose 5 338 1.58-9.15 3.79 158-910 159 075 N *
L administered
complications
Injury, poisoning and
procedural zlat.emal exposure 10 5 2.68-9.32 498 268-925 206 146 N*
L uring pregnancy
complications
Injury, poisoning and
procedural Medication error 7 2.47 1.18-5.19 2.46 1.17-5.16 1.17 0.45 N*
complications
Injury, poisoning and
procedural Product dose 16 455 2.78-7.45 451 277-735 203 155 N *
complications omission i1ssue
Injury, poisoning and Wrong technique in
procedural product usage 8 7.29 3.63-14.62 7.26 3.63-14.52 240 1.73 N *
complications process
Alanine
Investigations aminotransferase 16 6.46 3.95-10.58 6.41 3.93-10.45 2.46 1.98 Y
increased
Investigations Blood cholesterol 7 1414 6.71-29.79 14.09 6712960 291  2.19 Y
increased
Investigations Blood creatinine 5 342 1.42-8.23 341 142-819 148  0.64 Y
increased
Investigations Blood glucose 6 3.20 143-7.14 3.19 143710 145  0.68 Y
increased
Investigations Glomerular filtration 5 1981 448 76,07 10.78 4482594 251 167 Y
rate decreased
Investigations Viral load increased 6 43.91 19.5-98.86 43.77 19.49-98.28  3.34 2.57 N*
L Viral mutation 26.45- .
Investigations identified 5 64.68 26.46-158.13 64.51 157.33 3.24 2.40 N
Investigations Weight decreased 10 2.80 1.5-5.22 2.79 1.5-5.18 1.36 0.76 Y
Investigations Weight increased 16 3.54 2.16-5.79 3.51 2.15-5.72 1.71 1.23 Y
Metabolism and Abnormal weight 5 625 2.59-15.06 6.24 260-1500 208 124 Y
nutrition disorders gain
Neoplasms benign,
malignant and Neoplasm malignant 5 5.84 2.42-14.07 5.82 242-1399 201 117 N *
unspecified (incl cysts
and polyps)
Nervous system Amnesia 6 249 1.12-5.55 248 112-552 115 038 Y
disorders
Nervous system Cerebrovascular 13 410 2.37-7.08 4.08 237-7.02 187 134 N*
disorders accident
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Known
soc PT n  ROR ROR PRR PRR IC  1C025 Side Effect
95% CI 95% CI
(Y/N)
Nervous system Neurological 9 498  25.63-96.76 4955 2558-9597 379 3.5 N*
disorders symptom
Pregnancy, .
puerperium and ) ﬁifar:g‘us 10 529 2.84-9.86 5.27 284979 213 153 N *
perinatal conditions P
Pregnancy, . .
puerperium and Low bg;g weight 5 2462 10.17-59.59 24.56 1017-59.30 296 212 N*
perinatal conditions y
Pregnancy,
puerperium and Premature baby 7 9.14 4.34-19.24 9.11 4.34-19.12 2.56 1.84 N*
perinatal conditions
Pregnancy,
puerperium and Premature labour 5 20.39 8.43-49.30 20.34 8.43-49.06 2.88 2.04 N*
perinatal conditions
Product issues Pr"d”“i::fj“m“on 7 237 1.13-4.98 2.37 113497 112 040 N*
Psychiatric disorders Mental disorder 9 6.80 3.53-13.11 6.77 3.52-13.01 2.37 1.73 N *
Renal and urinary Nephrolithiasis 11 2373 13.07-43.10 23.59 13.0442.69 356 298 Y
disorders
Renal and urinary Renal impairment 19 625 3.97-9.83 6.20 396-9.70 245 201 Y
disorders
Skin and Drug reaction with
subcutaneouspxp419 eosinophilia and 6 11.28 5.05-25.21 11.25 5.05-25.07 2.65 1.88 Y
tissue disorders systemic symptoms
Skin and Lipodystroph
subcutaneous tissue POCystopiy 13 69.65  39.93-121.49 69.15 39.8-120.15 428  3.75 Y
- acquired
disorders
Surgical and medical Hospitalisation 15 1206 7.24-20.08 11.97 7.22-1985 314 264 N *

procedures

Notes: SOC: system organ class, PT: preferred term, ROR: reporting odds ratios, PRR: proportional reporting ratio,
IC: information component, IC025: lower limit of 95% CI of the IC, CI: confidence interval. Label, N: Not listed in
the Summary of Product Characteristics (SmPC) Y: Listed in the SmPC, and * represents a new safety signal.

3. Discussion

Randomized clinical trials (RCTs) provide critical safety data during the drug discovery
process and the subsequent approval of medicinal products [29]. In addition, most clinical
treatment guidelines are based on data sourced from RCTs. However, RCTs have shortfalls,
as often the data do not provide a comprehensive safety profile of medical products owing
to the limited duration of RCTs, small sample size, and exclusion of high-risk population
groups [30-32]. Therefore, post-marketing surveillance and pharmacovigilance studies are
essential to provide real-world safety data. In this study, we conducted a retrospective
longitudinal analysis of AEs associated with DRV that were reported to the MHRA from
2006 until 19 May 2024.

This study revealed that AEs are more likely to be reported in males (59.56%) com-
pared to females (34.40%). Contrary to this, two studies analysing the WHO-ADR database,
VigiBase™, in the general patient population observed that approximately 60.00% of all
reported AEs were for females [33,34]. Similarly, Brabete et al. demonstrated that more fe-
males reported AEs than males in a systematic review of pharmacovigilance studies [35]. In
contrast, another pharmacovigilance study evaluating the safety of tenofovir alafenamide
reported that 56.60% of males reported AEs versus 39.70% for females [36]. The study
utilised the HIV patient data in the USA, where the HIV prevalence rate is higher among
males (approximately 77%) [37]. This is similar to the UK, where 72.10% of PLWH are
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males [38]. These figures need to be seen in the context of HIV and cART Rx rates where
more males report ART-related AEs because they are significantly more likely to be pre-
scribed HIV medications compared to females. Furthermore, the current study revealed
that males were statistically more likely to experience serious AEs associated with DRV
than females. This is consistent with findings from a scoping review of pharmacovigilance
studies across the USA, Canada, the UK, Australia, and countries from the European Union
(EU), which examined gender-based differences in AEs reporting. The study identified that
women disproportionately reported more AEs, while men reported more serious AEs [35].
In addition, women are often proactive with health issues and are most likely to connect
the onset of the AE with the medication and will seek medical care more quickly before the
AE worsens [39].

The current study identified 5 positive safety signals at the SOC level for DRV in
the UK. Among these are congenital, familial, and genetic disorders, endocrine disorders,
hepatobiliary disorders, pregnancy, puerperium, and perinatal conditions, and renal and
urinary disorders. With endocrine disorders showing the strongest safety signal. This is
consistent with findings from the pharmacovigilance study of DRV and its boosted agent
conducted in the US [28]. At the PT level, our study confirmed several AEs previously
described by Tian et al. However, the current study identified additional safety signals,
including gout, abnormal weight, nephrolithiasis, cerebrovascular accident, neurological
symptoms, brain injury, thrombosis, cognitive disorder, amnesia, abnormal dreams, com-
pleted suicide, hallucination, dysphagia, and drug reaction with eosinophilia and systemic
symptoms (DRESS). With regard to pregnancy AEs, our analysis identified similar AEs and
two novel safety signals—foetal distress syndrome and gestational diabetes. Together, the
current study provides confirmatory external validation of previously identified AEs and
has identified novel potential AEs from the UK population.

Our analysis has revealed several positive signals that are already listed in the DRV
SmPC [14]. These include several hepatic system signals: drug-induced liver injury, hep-
atitis acute hepatitis, hepatotoxicity, increased alanine aminotransferase, increased blood
bilirubin, and increased hepatic enzymes. Investigation signals: increased blood glu-
cose, decreased weight, abnormal weight gain, hyperlipidaemia, and increased blood
triglycerides. In addition, six signals relating to skin and subcutaneous tissue disorders
were identified: nail discolouration, maculo-papular rash, skin striae, skin ulcer, acquired
lipodystrophy and lipohypertrophy. With regard to renal and urological disorders, our
analysis identified renal impairment, renal disorder, nephrolithiasis, decreased estimated
glomerular filtration rate (eGFR), and proteinuria.

This analysis identified known endocrine AEs, including secondary adrenocortical
insufficiency, Cushing’s syndrome, adrenal insufficiency, and Cushingoid, which are listed
in the DRV SmPC in the UK. However, it is important to note that DRV /r and darunavir
boosted with cobicistat (DRV /c) share the same SmPC and that endocrine disorders AEs are
only listed for DRV /r [14]. Ritonavir is implicated in several drug-drug interactions (DDIs).
It is a substrate of several key metabolically important enzymes, including cytochrome P450
(CYP450). Ritonavir is an inhibitor of CYP3A4, CYP2D6, and P-glycoprotein (Pgp). Further,
it is an inducer of CYP1A2, CYP2B6, CYP2C9, CYP2C19, and UDP-glucuronosyltransferase
(UGT), increasing the risk of AEs [40]. Co-administration of CYP3A-metabolised corticos-
teroids and DRV /r or DRV/c is not recommended unless the potential benefits outweigh
the risk for a specific patient. However, if such treatment is clinically justified, potential
systemic corticosteroid effects should be monitored [14].
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3.1. Nowvel Positive Safety Signals
3.1.1. Cerebrovascular Adverse Events (AEs)

The current study has revealed new potential safety signals associated with DRV: cere-
brovascular accident and thrombosis, neither of which is listed in the SmPC [14]. Previous
studies have established a link between ischemic stroke incidence and HIV infection [41].
Coagulopathies [42], opportunistic infections [42], cardioembolism [43], HIV-associated vas-
culopathy [44], metabolic abnormalities [45], atherosclerosis, and ART has been described
as potential contributing factors [43,46]. While ART has improved the QoL of PLWH, they
are faced with other comorbidities that may be directly or indirectly related to ART, such
as stroke [41]. AEs associated with ART, including metabolic changes and lipodystro-
phy, are recognised risk factors of cardiovascular and cerebrovascular diseases [23]. The
association between PIs and the risk of myocardial infarction (MI) and stroke has been
noted, owing to several factors including metabolic changes [47]. This study has identified
cerebrovascular events and thrombosis as novel safety signals, but it is worth noting that
stroke is multifactorial in nature. Therefore, observational studies adjusting for risk factors
should be conducted to assess these novel signals. In addition, we observed other nervous
system-related safety signals, including brain injury, central nervous system lesion, cogni-
tive disorder, neurological symptoms, and amnesia, the latter being the only one currently
listed in the SmPC [14]. HIV infection is known to cause HIV-associated neurocognitive
disorder (HAND), which encompasses a spectrum of neurocognitive deficits [48,49]. There-
fore, some of the reported events may not be related to DRV; thus, further investigation
is needed.

3.1.2. Congenital Anomalies and Pregnancy Adverse Events (AEs)

We identified abortion, spontaneous abortion, foetal death, foetal distress syndrome,
foetal growth restriction, gestational diabetes, low birth weight baby, premature baby,
premature delivery, and premature labour as positive safety signals in this study. In 2022, it
was estimated that 1.2 million HIV positive women were pregnant globally, among these,
85.0% had access to ART [50]. The importance of ART during pregnancy is well recognised,
particularly for two main reasons: (i) to prevent disease progression during pregnancy and
(ii) to prevent vertical transmission to the foetus [51]. Guidelines recommend the use of
cART, including PI, during pregnancy, taking into consideration safety and efficacy. In
the US, DRV /r is preferred for pregnant women who have previously used long-acting
injectable cabotegravir (CAB-LA) for pre-exposure prophylaxis [52]. Similarly, in the UK,
DRV /r (600/100 mg) twice daily is one of the preferred anchor agents for HIV-infected
pregnant women [53]. Low therapeutic levels due to pharmacokinetic (PK) changes during
pregnancy limit the use of DRV /c [54].

Mandelbrot et al. recently evaluated the effects of switching pregnant women from
standard triple therapy to DRV /r monotherapy. Amongst those switched, the study
reported the following incidence rates: pre-term deliveries (9.5%), pre-eclampsia (5.6%),
diabetes mellitus (16.9%), cholestasis (grade >3) (2.2%), low birthweight (9.5%), small for
gestational age (8.3%), and miscarriages (4.5%) [55]. In addition, the study reported birth
defect rates of 3.6% [55], which is comparable to 3.7% in the US antiretroviral pregnancy
registry for women who used DRV during pregnancy [56]. In addition, another study,
which examined data from the UK/Ireland National Study of HIV in Pregnancy and
Childhood, reported a preterm delivery rate of 10.4% for women on ARTs, and higher rates
in women using LPVr-based regimens compared to those taking other PI/r or NNRTI-based
regimens. Furthermore, the study identified other contributing factors, such as women
who conceived while on ART, those with a low CD4 cell count below 350 cells/uL [57]. Our
analysis identified exomphalos and spina bifida as positive signals for congenital anomalies.
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Mandelbrot et al. reported birth defect rates of 1.2% for each of the following: congenital
diaphragmatic hernia, pulmonary sequestration, hydronephrosis, and skin haemangioma
in women exposed to DRV as a monotherapy [55]. Preclinical studies demonstrated no
teratogenicity of DRV alone in rats and rabbits or in combination with ritonavir in mice [14].
It is challenging to take into consideration other factors such as CD4 cell count, concomitant
medications, and social, economic, education, and environmental factors that could affect
pregnancy outcomes. Therefore, there is a need for controlled studies to further evaluate
the use of DRV in pregnancy.

4. Limitations

Spontaneous reporting systems (SRS) are essential for monitoring the safety of medical
products once they are authorised for use by the public. SRS provides heterogeneous data
that allows a comprehensive assessment of medicines throughout their life cycle. The
current study used data submitted by HCPs, patients, caregivers, and pharmaceutical com-
panies reported to the MHRA through the Yellow Card Scheme [58]. It is well known that
SRSs have several shortfalls, including under-reporting, biased reporting, and incomplete
reports. In addition, other concerns with SRSs include a lack of denominator or population
exposure for estimating incidence, and multiple confounding factors are not accounted for.
Consequently, this affects the reliability of the conclusions made from studies that utilise
SRS data [59,60].

The current study employed PRR and ROR as frequentist disproportionality methods,
along with an IC Bayesian approach for signal detection. However, the numerical output of
disproportionality analysis indicates the reporting frequencies (observed versus expected
ratios) rather than actual estimates of the occurrence of an AE in a specific population [61].
Therefore, the statistical output does not confirm causality. DRV is boosted by either
cobicistat or ritonavir, which individually could cause AEs, however data for DRV as
the single active constituent suspected of the AE was used. The Yellow Card Scheme
iDAPs database utilised could not be stratified to assess AEs for each specific booster and
DRYV independently.

5. Materials and Methods
5.1. Data Sources and Processing

This retrospective pharmacovigilance study was conducted in accordance with
READUS-PV (REporting of A Disproportionality analysis for drUg Safety signal detection
using individual case safety reports in PharmacoVigilance) guidelines [62]. The study used
data extracted from the MHRA Yellow Card scheme database, which is publicly available
through interactive Drug Analysis Profiles (iDAPs). The MHRA Yellow Card scheme
database collects spontaneous AE reports for medicines, vaccines, and medical devices
from across the UK. These are reported by healthcare professionals, patients themselves,
carers, as well as the pharmaceutical industry [63].

In the MHRA database, AEs are coded by Medical Dictionary for Regulatory Activities
(MedDRA, version 27.0). The highest level of MedDRA is System Organ Class (SOC), and
for this study, AEs analysed were at the SOC and preferred term (PT) level. CSV files for all
drugs were downloaded from iDAPs. The drug, event, and case CSV files for each drug
were merged. Then the CSV files for all drugs were combined to generate a masterfile for
all drugs. The CSV masterfile had the following columns: sequential number identifying
a single AE report, sex, age (10-year bands), year received by MHRA, sender type (direct
or indirect), reporter (healthcare professional or carer/patient), seriousness (non-serious,
serious, or fatal), and route of administration. The dataset included all suspected adverse
events (AEs) associated with DRV, where it is reported as a single active constituent, from
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the time the first report was made (2006) until 19th May 2024 (date of download of raw
data used in this study).

In the UK, DRYV is available in formulations that are either boosted with cobicistat or
ritonavir. However, the MHRA database does not specify which pharmacokinetic enhancer
was used to boost DRV. Therefore, all AEs were analysed collectively, regardless of the
pharmacokinetic enhancer used.

5.2. Data Mining and Statistical Analysis

Disproportionality analysis was conducted to assess whether DRV was significantly
associated with reported AEs at the PT and SOC levels. The signals of disproportionate re-
porting (SDRs) were generated by employing the reporting odds ratio (ROR), proportional
reporting ratio (PRR), and Bayesian confidence propagation neural network (BCPNN),
these methods were based on a two-by-two contingency table (Table 6). A positive safety
signal was detected when the thresholds of all 3 methods were met (Table 7). The higher
ROR, PRR, and BCPNN values indicate stronger signals.

Table 6. Two-by-two contingency table.

All Other Reports

Reports with AE of Without the AE of Total
Interest (Y)
Interest
Reports for drug of interest (X) a b a+b
All other drugs C d c+d
Total a+c b+d a+b+c+d
Table 7. Algorithms used for signal detection.
Statistic Formula Criteria
ROR >2,a > 3 and 95% CI
ROR ROR = [(@/<)/(b/d)] (lower limit) > 1
PRR >2,a > 3 and 95% CI
PRR PRR =[a(a + b)/c(c + d)] (lower limit) > 1
BCPNN IC =log2[(a+0.5)/((a+b)(a+c))/(a+b+c+d))+0.5)] I1C025>0,a >3

Notes. ROR: reporting odd ratios, PRR: proportional reporting ratio, BCPNN: Bayesian confidence propagation
neural network, IC: information component, IC025: lower limit of 95% CI of the IC, CI: confidence interval. “a”;
number of adverse events of interest attributed to drug X. “b”; number of other adverse events of drug X, except

w“_

the adverse event of interest. “c”; number of adverse events of interest for all other drugs except for drug X. “d”;
number of all other adverse events attributed to all other drugs.

Descriptive analyses were conducted to summarise the clinical characteristics of
the suspected AEs. The MHRA classifies cases into fatal, serious, and non-serious. A
chi-squared test of independence was used to determine the relationship between the
seriousness of cases (serious vs. non-serious) and gender (male and female). Furthermore,
to examine the relationship between gender and the distribution of AEs across SOCs,
separate chi-squared tests of independence were conducted for each SOC. A significance
level of p-value < 0.05 was used to determine statistical significance. All analysis was
performed using RStudio, 2024.12.0 Build 467, © 2009-2024 Posit Software, PBC.

5.3. Summary of Product Characteristics (SmPC) Comparison to AE Signals Identified with DRV

Cross-referencing between identified positive signals at the preferred term (PT) level
and listed side effects in the DRV SmPC (for both pharmacokinetic enhancers) was per-
formed to determine novelty. Where the positive signals are absent in the DRV SmPC, an
additional review was checked in the ritonavir SmPC. Approved labels used were extracted
from the MHRA [14,64] websites.
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6. Conclusions

This study comprehensively analysed AEs associated with DRV, which were reported
to the MHRA through the Yellow Card Scheme. The study identified known/expected
AEs associated with DRV, which are listed in the SmPC. Furthermore, this study identified
new potential safety signals, including cerebrovascular accident, brain injury, thrombosis,
abnormal weight, increased weight, gout, and dysphagia, which are not listed in the SmPC
and may reflect emerging safety concerns. Additionally, there is a need for continuous
monitoring of metabolic parameters in patients taking DRV, as these metabolic changes
are risk factors for cardiovascular diseases and cerebrovascular accidents. In addition,
several safety signals relating to pregnancy, puerperium, and perinatal conditions have
been noted. Overall, this study provides additional real-world safety of DRV outside a
clinical trial setting in the UK population. However, it is important to interpret these
findings with caution, as they are statistical associations and do not prove causality [62].
Nevertheless, new potential safety signals require further investigation with high-quality
real-world studies to assess the safety of DRV systematically and to establish if there is a
causal relationship between DRV and identified AEs.
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