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Objectives:  To determine  the  prevalence  of potential  interactions  in  COVID19  patients  receiving
lopinavir/ritonavir  (LPV/r).  The  secondary  objective  was  to  develop  recommendations  and  identify  the
risk factors  associated  with presenting  potential  interactions  with  LPV/r.
Subjects  and  methods:  Cross-sectional  and  multicenter  study  with  the  participation  of  2 hospitals.  COVID
19  patients  over  18  years  of  age,  admitted  to hospital  and  under  treatment  with  LPV/r  were  included.
A  screening  of potential  interactions  related  to LPV/r  and  home  and hospital  medication  was  carried
out.  Lexicomp® (Uptodate),  HIV-drug  interactions  and  COVID-drug  interactions  were  used  as  the  query
database.
Results: 361  patients  with  a mean  age  of 62.77  ±  14.64  years  were  included,  where  59.6%  (n =  215)  were
men.  62.3%  (n  = 225)  had  1 or more  potential  interactions  and  26,  87%  (n  =  97) 2  or  more.  The  independent
variables  associated  with  presenting  ≥1  potential  interactions  were  age  (>65)  (OR  1.95;  95%  CI 1.06–3.59,
P  =  .033),  ICU  admission  (OR  9.22;  CI 95%  1.98–42.93;  P =  .005),  previous  respiratory  pathology  (OR  2.90;
95%  CI  1.15–7.36;  P  =  .024),  psychiatric  (OR  4.14;  95 CI% 1.36–12.61;  P = .013),  dyslipidemia  (OR 3.21;  95%
CI  1.63–6.35;  P = .001)  and  the  number  of  drugs  prescribed  (OR 4.33;  95%  CI 2.40–7.81;  P =  .000).
Conclusion:  The  prevalence  of potential  interactions  in  COVD  19  patient  undergoing  treatment  with LPV/r
is high,  with  age  (>65),  ICU  admission,  previous  respiratory  and  psychiatric  pathology,  dyslipidemia  and
the number  of  prescribed  drugs  acting  as risk  factors.

© 2020  Elsevier  España,  S.L.U.  All  rights  reserved.
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Objetivos:  Determinar  la  prevalencia  de  interacciones  potenciales  en  pacientes  COVID19  en tratamiento
con  lopinavir/ritonavir  (LPV/r).  El  objetivo  secundario  fue elaborar  recomendaciones  e identificar  los
factores de  riesgo  asociados  a  presentar  interacciones  potenciales  con  LPV/r.
Sujetos y  métodos:  Estudio  transversal  y multicéntrico  con  la participación  2  hospitales.  Se incluyeron
pacientes  COVID  19  mayores  de  18  años,  con  ingreso  hospitalario  y en  tratamiento  con  LPV/r.  Se  realizó  un
cribado  de  las  interacciones  potenciales  relacionadas  con  LPV/r y la  medicación  domiciliaria  y hospitalaria.
Se  utilizó  como  base  de  datos  de  consulta  Lexicomp® (Uptodate),  HIV-drug  interacctions  y COVID-drug
interacctions.
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Resultados:  Se  incluyeron  361  pacientes  con una  media  de  edad  de 62,77  ±  14,64  años,  donde  el  59,6%
(n = 215)  fueron  hombres.  El  62,3%  (n = 225)  tuvieron  1 o más  interacciones  potenciales  y el  26,  87%
(n = 97)  2 o  más.  Las variables  independientes  asociadas  a presentar  ≥  1  interacciones  potenciales  fueron
la  edad  (> 65)  (OR  1,95;  IC 95%  1,06–3,59;  P  =  ,033),  el ingreso  en UCI  (OR  9,22;  IC 95%  1,98–42,93;
P  = ,005),  la  patología  previa  respiratoria  (OR  2,90;  IC 95%  1,15–7,36;  P  =  ,024),  psiquiátrica  (OR  4,14;  IC
95% 1,36–12,61;  P  =  ,013), la  dislipemia  (OR  3,21;  IC  95% 1.63–6,35;  P =  ,001)  y  el  número  de  fármacos
prescrito  (OR 4,33;  IC 95%  2,40–7,81;  P = ,000).
Conclusión:  La  prevalencia  de interacciones  potenciales  en  paciente  COVD  19  en  tratamiento  con  LPV/r  es
elevada,  comportándose  como  factores  de riesgo  asociados  la  edad (>65),  el  ingreso  en  UCI,  la  patología
previa  respiratoria,  psiquiátrica  y  la  dislipemia  y el número  de  fármacos  prescritos.

© 2020  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.
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Table 1
Demographic characteristics of patients with COVID-19 treated with LPV/r.

n (%)

Mean age 62.77 ± 14.67 (21−98)
Sex (male) 215 (59.6)
Severe (admitted to ICU) 44 (12)
Previous illness

Cardiovasculara 165 (45.7)
Dyslipidemia 114 (31.6)
Cancer 51 (14.1)
Gastrointestinal 47 (13)
Respiratory 45 (12.5)
Genitourinary 42 (11.6)
Diabetes mellitus 41 (11.4)
Psychiatric 41 (11.4)
Neurological 29 (8)
Renal f. 21 (5.8)
Anaemia 16 (4.4)
Autoimmune 15 (4.2)
ntroduction

COVID-19 is the name given to the disease caused by the ¨Severe
cute Respiratory Syndrome Coronavirus 2(̈SARS-CoV-2), officially
eclared a global pandemic by the World Health Organization.1

Currently, there is no effective drug against COVID-19. One of
he treatment alternatives used is lopinavir/ritonavir (LPV/r), which
howed in vitro activity and positive clinical outcomes against
oronaviruses in previous epidemics (SARS and MERS).2 A recent
tudy in a severe COVID-19 patient showed no clinical benefit from
elayed initiation of LPV/r, so further adequately conducted studies
re needed to establish the usefulness of LPV/r.3

It is a combined antiretroviral therapy, which acts as a protease
nhibitor (PI), used in the treatment of human immunodefi-
iency virus (HIV) infection.4 Lopinavir has antiviral activity, while
itonavir acts as a lopinavir enhancer, increasing its plasma concen-
rations by inhibiting CYP3A4. A relevant drawback of LPV/r is its
igh profile of interactions, due to its ability to modify the hepatic
etabolism of other drugs, through the inhibition of CYP3A4 or the

nduction of CYP2C9 and 2C19 and glucuronidation reactions. On
he other hand, it inhibits the activity of membrane transporter
roteins such as BCR, OATP1B1 and glycoprotein-P, involved in

ntestinal and hepatic drug clearance.5

The population most susceptible to developing potential inter-
ctions with a clinical impact are elderly patients, with comorbidity
nd exposed to polypharmacy.6 On the other hand, the population
ith the highest risk of suffering from severe disease due to COVID-

9 are patients over 60 years of age and with a medical history, such
s cardiovascular disease.1

The main objective of the study was to determine the preva-
ence and report the potential interactions in COVID-19 patients
eceiving LPV/r therapy. The secondary objective was  to develop
ecommendations for each interaction according to the sources
onsulted and to identify risk factors associated with potential
nteractions with LPV/r.

aterial and methods

Cross-sectional and multicenter study with the participation of
 secondary-level and a primary-level hospital. The data collec-
ion period was 15 days, from 20th March to 4th April 2020. The
revalence of potential interactions in COVID-19 patients treated
ith LPV/r was recorded and analysed. All patients older than 18
ith hospital admission diagnosed with pneumonia due to COVID-

9 or with clinical suspicion, who received treatment with LPV/r,
ere included in the study. All cases with acute respiratory symp-

oms including, among other symptoms, fever, persistent cough,
dynophagia or respiratory distress and that met  hospital admis-

ion criteria, were considered as suspected COVID-19 patients.
he diagnosis of COVID-19 pneumonia was confirmed by posi-
ive PCR in a nasopharyngeal swab sample. An interaction related
o LPV/r and any prescribed or home medication was defined as
Renal f.: renal failure; LPV/r: lopinavir/ritonavir; ICU: intensive care unit.
a Arterial hypertension (HT) was  included in the cardiovascular history.

the existence of any qualitative or quantitative modification in the
effect of the prescribed or home medication or LPV/r, with the
concomitant administration of both. A review and screening of
the interactions between LPV/r, prescribed and home medication,
was carried out using the following identification and consulta-
tion databases: Lexicomp® (Uptodate),7 HIV-drug interactions8 and
COVID-drug interactions.9 Potential drug interactions were those
classified according to risk level: X (avoid combination), D (con-
sider therapy modification) and C (monitor therapy). The latter
were partially recorded, that is, only risk C interactions, with a rec-
ommendation to modify the therapy, in addition to monitoring it.
Subsequently, the frequency was analysed and each interaction was
reported according to the mechanism, the level of risk, if it had an
impact on LPV/r, on the other drug involved in the interaction or
both, if it could compromise the efficacy or cause toxicity and the
recommendation, in each case.

Patient demographics, age, sex, and medical history were
recorded. The number of medications prescribed during their hos-
pitalization, as well as the number of home medications, were also
recorded. ≥5 home drugs were considered as polypharmacy. The
clinical history software and the electronic assisted prescription
software of each centre were used to extract the data. Verbal con-
sent was  requested from all patients for the administration of LPV/r
and for participation in the study.

For the statistical analysis, the IBM SPSS Statistics software,
version 26.0 was used. Categorical variables were expressed with
absolute frequencies and percentages, while continuous variables
were expressed as mean, standard deviation, and range. To assess
whether there were differences in the number of interactions

between patients of different sex, the Mann-Whitney test was
used. To determine the risk factors associated with having inter-
actions, a univariate logistic regression analysis was  performed
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Table  2
List of registered potential interactions associated with LPV/r by drug, therapeutic group, severity, frequency, interaction mechanism, effect, and recommendation.

Drug (ATC) Risk level N (%) Mechanism Effect Recommendationa

Antiemetics
Domperidone X 3 (0.82) CYP3A4 inhibition. QT

prolongation
↑ Dc. Cardiovascular toxicity
risk, ventricular arrhythmia
(TdP)

Contraindicated. Consider change to
metoclopramide

Antidiabetic
Glibenclamide C 2 (0.54) CYP3A4 and 2D6

inhibitionb
↑ Dc. Risk of hypoglycaemia Reduce dosage. Monitor glucose.

Gliclazide C 1 (0.27) Induction of CYP2C9 and
2C19b

↓ Dc. Risk of hyperglycaemia Increase dosage. Monitor glucose.

Repaglinide C 1 (0.27) Inhibition of CYP3A4 and
OATP1B1 transporter
inhibition.

↑ Dc. Risk of hypoglycaemia Reduce dosage. Monitor glucose.

Canagliflozin D 1 (0.27) Induction of UGT1A9 and
2B4

↓ Dc. Risk of hyperglycaemia If GFR > 60 mL/min, increase dose to 200 mg or
300 mg. Monitor glucose.
If  GFR < 60 mL/min, consider another antidiabetic.

Anticoagulants
Apixaban D 5 (1.36) CYP3A4 inhibition.

P-glycoprotein inhibition
↑ Dc. Risk of bleeding Change to LMWH at therapeutic doses.

Rivaroxaban X 3 (0.82) Contraindicated. Change to LMWH  at therapeutic
doses.

Edoxaban D 3 (0.82) P-glycoprotein inhibition Reduce dose to 30 mg or switch to LMWH  at
therapeutic doses.

Acenocoumarol C 11 (2.99) CYP2C9 induction ↓ Dc. Thrombotic risk Change to LMWH at therapeutic doses.
Antiplatelet

Clopidogrel C 15 (4.08) Inhibition of CYP3A4, (2B6,
2C9 and 1A2)b

↓ Dc (active metabolite).
Thrombotic risk

Switch to ASA (monotherapy), switch to prasugrel
(dual therapy)

Ticagrelor X 2 (0.54) CYP3A4 inhibition Dc. Risk of bleeding Contraindicated. Switch to ASA monotherapy,
switch to prasugrel (dual therapy)

Antihypertensive
Doxazosin D 4 (1.09) CYP3A4 inhibition ↑ Dc. Risk of hypotension Reduce dosage. Monitor BP
Amlodipine C 24 (6.52) CYP3A4 inhibition.

Prolonged PR
↑ Dc. Risk of hypotension and
AV block

Reduce dose 50%. Monitor BP and ECG.

Nifedipine D 5 (1.36) Reduce dosage. Monitor BP and ECG.
Manidipine D 3 (0.82) Reduce dosage. Monitor BP and ECG.
Lercanidipine X 2 (0.54) Contraindicated. Change to amlodipine with a 50%

dose reduction.
Other  cardiovascular drugs

Digoxin D 2 (0.54) P-glycoprotein inhibition.
Prolonged PR

↑ Dc. Risk of digitalis poisoning Reduce dose between 30%−50% or reduce
frequency. Monitor for digoxin levels.

Ivabradine X 1 (0.27) CYP3A4 inhibition ↑ Dc. Bradycardia risk Contraindicated.
Ranolazine
(C01EB18)

X  2 (0.54) CYP3A4 inhibition. QT
prolongation

↑ Dc. Risk of bradycardia,
hypotension, ventricular
arrhythmia (TdP)

Contraindicated.

Antiarrhythmics
Amiodarone X 5 (1.36) CYP3A4 inhibition. QT

prolongation
↑ Dc. Risk of ventricular
arrhythmia

Contraindicated. Close monitoring, ECG

Flecainide X 1 (0.27)
Propafenone X 3 (0.82) CYP3A4 and 2D6

inhibitionb
Close monitoring, ECG

Diltiazem D 2 (0.54) CYP3A4 inhibition.
Prolonged PR

↑ Dc. Risk of AV block,
bradycardia and increased
negative inotropic effect

Reduce dosage. ECG.

Verapamil D 6 (1.63)
Lipid-lowering drugs (statins)

Atorvastatin D 26 (7.07) CYP3A4 inhibition ↑ Dc. Risk of liver toxicity and
rhabdomyolysis

Maximum dose 20 mg

Lovastatin X 1 (0.27) Contraindicated. Switch to pravastatin or
pitavastatin

Simvastatin X 35 (9.51) Contraindicated. Switch to pravastatin or
pitavastatin

Rosuvastatin D 3 (0.82) BCRP and OATP1B1
transporter inhibition

Maximum dose 10 mg

Urological
Tamsulosin X 18 (4.89) CYP3A4 and 2D6

inhibitionb
↑ Dc. Risk of hypotension Maximum dose of 0.4 mg/day. Monitor BP

Solifenacin D 1 (0.27) CYP3A4 inhibition. ↑ Dc. Risk of anticholinergic
toxicity

Maximum dose 5 mg/day. Monitor anticholinergic
effects

Corticosteroids
Methylpred-
nisolone

D  23 (6.25) CYP3A4 inhibition ↑ Dc. Risk of Cushing’s
syndrome

Reduce dose

Prednisone C 5 (1.36)
Dexamethasone D 1 (0.27) CYP3A4 inhibition (LPV/r)

CYP3A4 induction
(dexamethasone)

↓ LPV/r. Decreased efficacy

Antimicrobial
Clarithromycin D 6 (1.63) CYP3A4 inhibition. QT

prolongation
↑ Dc. Risk of ventricular
arrhythmia (TdP)

If GFR 30−60 ml/min, reduce dose to 500 mg/24 h
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Table  2 (Continued)

Drug (ATC) Risk level N (%) Mechanism Effect Recommendationa

If GFR < 30 mL/min, reduce the dose to 250 mg/24 h
Metronidazole X 1 (0.27) LPV/r oral solution

contains alcohol.
Disulfiram reaction risk Contraindicated with the oral solution. No tablets

Antioestrogens
Tamoxifen D 3 (0.82) CYP3A4 and 2D6

inhibitionb
↓ AMC. Decreased oestrogen
modulating effect

Muscle relaxants
Fentanyl iv D 4 (1.09) CYP3A4 inhibition ↑ Dc. Risk of respiratory

depression
Reduce dose to 25−50 mcg/h. Monitor pain (ANI,
NOL)

Midazolam iv D 24 (6.52) ↑ Dc. Risk of respiratory
depression and excess
sedation.

Do not exceed > 25 mg/kg/h). Monitor depth of
sedation (BIS).

Opioid  pain relievers
Fentanyl
oral/patch

D 2 (0.54) CYP3A4 inhibition ↑ Dc. Risk of sedation and
respiratory depression.

Reduce dose

Oxycodone D 1 (0.27) CYP3A4 and 2D6
inhibitionb

↑ Dc. Risk of sedation and
respiratory depression.

Anticonvulsants
Carbamazepine D 1 (0.27) CYP3A4 inhibition (LPV/r) ↑ Dc. CNS toxicity risk. Administer LPV/r, at least 2 times a day and

consider increasing the dose. Monitor
carbamazepine levels and adjust dose.

CYP3A4 (carbamazepine)
induction

↓ LPV/r. Decreased antiviral
effect

Phenytoin D 1 (0.27) CYP2C9 and 2C19
induction (LPV/r)

↓ Dc. Decreased anticonvulsant
effect

Administer LPV/r, at least 2 times a day and
consider increasing the dose. Monitor phenytoin
levels and adjust dose

CYP3A (phenytoin)
induction

↓ LPV/r. Decreased antiviral
effect

Clonazepam D 5 (1.36) CYP3A4 inhibition ↑ Dc. Risk of sedation and
drowsiness.

Reduce dose

Hypnotic/sedatives
Alprazolam D 10 (2.72) Inhibition of CYP3A4 and

P-glycoprotein
↑ Dc. Risk of sedation and
respiratory depression.

Start low dose and increase as needed.

Clorazepate C 3 (0.82) Reduce dosage.
Diazepam D 15 (4.08) CYP3A4 and C219

inhibitionb
Avoid. Reduce dosage.

Neuroleptics
Haloperidol D 8 (2.17) CYP3A4, 2D6b inhibition

and glucuronidation
(UGT2B7 > 1A4 and 1A9).
QT prolongation.

↑ Dc. CNS toxicity risk. Risk of
ventricular arrhythmia (TdP)

Avoid in the elderly. Reduce dosage. Monitor CNS
effects. ECG.

Quetiapine D 11 (2.99) CYP3A4 and 2D6
inhibitionb. QT
prolongation

Avoid in the elderly. In schizophrenia, in young
patients with high doses, consider reducing 1/6 of
the dose. Monitor CNS effects. ECG

Antidepressants
Trazodone D 6 (1.63) CYP3A4 inhibition. QT

prolongation
↑ Dc. Risk of CNS, gastric and
cardiovascular toxicity.

Reduce 50%−75% dose

[0.1−6]Inhaled  therapy
Budesonide D 42 (11.41) CYP3A4 inhibition ↑ Dc. Risk of Cushing’s

syndrome.
Maximum dose 2 inhalations/12 h. Consider
beclomethasone

Fluticasone D 1 (0.27) Reduce dosage. Consider beclomethasone
Salmeterol X 1 (0.27) CYP3A4 inhibition. QT

prolongation
↑ Dc. Cardiovascular toxicity
risk: tachycardia and
ventricular arrhythmia (TdP)

Contraindicated. Consider salbutamol

Antihistamines
Ebastine D 1 (0.27) CYP3A4 inhibition ↑ Dc. Risk of drowsiness,

xerostomia, and headache
Reduce dosage. Consider dexchlorpheniramine

ASA: acetylsalicylic acid; ANI: analgesia nociception index; AV: atrioventricular; Dc: drug concentration; AMC: active metabolite concentration; CYP: cytochrome P450; ECG:
electrocardiogram; GFR: glomerular filtration rate; LMWH:  low molecular weight heparin; LPV/r: lopinavir/ritonavir; NOL: nociception index level; PR: PR interval; QT: QT
interval; CNS: central nervous system; BP: blood pressure; TdP: torsade de pointes; UGT: UDP-glucuronyl transferases.

a Recommendations for concomitant treatment with LPV/r.
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with hospital admission secondary to COVID-19 pneumonia under
b At therapeutic concentrations LPV/r does not inhibit: CYP2D6, 2C9, 2C19, 2CE1,

ith all demographic and clinical variables. The dependent vari-
ble was having ≥1 potential interactions, while the independent
ariables were age, admission to the ICU, polypharmacy, number
f drugs prescribed and previous illness. A multivariate analysis
as performed for the variables previously associated in a statis-
ically significant way. A P-value of 5% (P < .05) was  considered of
ignificance.
and 1A2.

Results

Of an initial population of 383 patients, 22 were excluded due
to lack of data in the electronic clinical history. Finally, 361 patients
treatment with LPV/r were included in the analysis. 59.6% (n = 215)
were men  with a mean global age of 62.77 ± 14.64 years. The
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Table 3
Univariate binary logistic regression analysis. Variables associated with having ≥ 1 potential interactions with LPV/r in a patient with COVID-19.

n (%) Potential interactions n (%) OR  (95% CI) P value

Age ≥ 65 (vs. <65 years) 159 (44) 129 (57.3) 4.74 (2.93−7.70) .000
Admission to ICU (vs. no) 44 (12) 42 (18.7) 15.38 (3.66−64.64) .000
Number of drugs prescribed (vs. ≤10 drugs)

11−15 135 125 (55.6) 15.90 (7.93−31.90) .000
>15  27 a a a

Polypharmacy (vs. no) 66 (18.2) 61 (27.1) 9.75 (3.8−24.95) .000
Previous disease (vs. no)

Cardiovascular 165 (45.7) 133 (59.1) 4.71 (2.92−7.57) .000
Dyslipidemia 114 (31.6) 96 (42.7) 4.87 (2.78−8.55) .000
Respiratory 45 (12.5) 37 (16.4) 3.15 (1.42−6.98) .005
Genitourinary 42 (11.6) 33 (14.7) 2.42 (1.12−5.24) .024
Diabetes  mellitus 41 (11.4) 36 (16) 4.99 (1.9−13.05) .001
Psychiatric 41 (11.4) 36 (16) 4.99 (1.9−13.05) .001

ICU: intensive care unit.
a All patients with >15 drugs had ≥1 potential interactions.
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emographic characteristics of the population are summarized
n Table 1. 18.3% (n = 66) were patients taking 5 or more home
rugs (polypharmacy) and 179 (49.6%) of the patients had ≥11
rugs prescribed during admission. There were no clinically signif-

cant differences in the number of potential interactions between
atients of different sex.

A total of 3931 prescription lines were analysed during admis-
ion, with a mean of 10.89 ± 2.68 (6–19) prescribed drugs/patient
nd 895 home drugs, with a mean of 2.47 ± 2.85 (0–17) medica-
ions/patient.

A total of 369 potential interactions were recorded with 52
ifferent drugs. 20.92% (n = 78) were X-risk interactions, 63.32%
n = 233), D-risk and the remaining 15.76% (n = 58), C-risk. The
rug with the highest rate of interaction was inhaled budesonide
11.41%, n = 42), followed by simvastatin (9.51%, n = 35) and ator-
astatin (7.07%, n = 26). The rates of interactions by drug, together
ith the description of each interaction according to: mechanism,

isk level, impact, and recommendation of each interaction, are
ummarized in Table 2. 37.7% (n = 136) of the patients had no inter-
ction, 62.3% (n = 225) had one or more potential interactions, and
6.87% (n = 97) had 2 or more interactions.

The risk factors associated with having ≥1 potential interactions
btained through a univariate logistic regression model are shown
n Table 3. The independent variables that increase the probability
f developing ≥1 potential interactions, using a multivariate regres-
ion model were age >65 years (OR 1.95; 95% CI 1.06–3.59; P = .033),
dmission to ICU (OR 9.22; 95% CI 1.98–42.93; P = .005), previous
espiratory disease (OR 2.90; 95% CI 1.15–7.36; P = .024), psychiatric
isease (OR 4.14; 95% CI 1.36–12.61; P = .013), dyslipidaemia (OR
.21; 95% CI 1.63–6.35; P = .001) and the number of drugs prescribed
uring hospital admission (OR 4.33; 95% CI 2.40–7.81; P = .000).

iscussion

Our study represents a novel assessment in relation to COVID-19
nfection. To our knowledge, no study has been published eval-
ating the prevalence of potential drug interactions with LPV/r
herapy. We  are facing a new scenario with a different disease
rofile, therefore, it is complex to make comparisons between
OVID-19 and other infections such as HIV, where there is more
xperience with LPV/r. Our study shows a high rate of potential
nteractions, occurring in more than 60% of patients. One of the
isk factors related to a higher rate of potential interactions in the
IV population was treatment with a boosted PI, with global preva-

ence between 27 and 40%.10–12 This difference can be explained by
he fact that we analyse home medication and hospital medication
ogether.

Age over 65 was one of the variables that increased the probabil-
ty of having potential interactions in the multivariate analysis. In
n aging Spanish cohort (>65 years) of HIV patients, it was  observed
hat the number of potential interactions increases with the num-
er of drugs prescribed and with the use of a PI in the antiretroviral
egimen.13 Furthermore, we observed that admission to the ICU
ehaves as an independent variable associated with developing
otential interactions with a probability of 9 times greater than in a
on-serious patient. In a study of potential interactions carried out

n the critical care unit, the presence of potential interactions was
ttributed to age (>60 years) and the number of drugs prescribed.14

recisely, the number of drugs prescribed was another predictor
ariable for the occurrence of potential interactions, coinciding
ith what was previously reported in the literature.15,16
Inhaled budesonide was the drug with the highest rate of inter-
ction with LPV/r in our cohort. Therefore, respiratory disease
as a risk factor associated with developing interactions. Another

omorbidity with a high probability of interaction was  psychi-
(Barc). 2020;155(7):281–287

atric disorder. A group of drugs commonly involved in potential
interactions due to their hepatic metabolism (CYP 3A4) in the
HIV population were those drugs used in psychiatric disorders.17

Almost half of the patients in our study had a cardiovascular history.
This high prevalence is explained by the fact that we include arterial
hypertension within this group. COVID-19 infection is associated
with haemostasis abnormalities, which may  imply an increased
risk of thromboembolic cardiovascular disease.18 Therefore, it is
recommended to maintain anticoagulation and antiplatelet ther-
apy as long as they are not associated with bleeding episodes. The
appropriate LPV/r-compatible, anticoagulant, or antiplatelet agent,
should be selected and in case of contraindication, consider not
starting or discontinuing LPV/r (Table 2).19

LPV/r has a moderate ability to slow cardiac repolarization
and prolong the QT interval.5 In addition, hydroxychloroquine and
azithromycin, drugs currently used in combination with LVP/r for
the treatment of COVID 19, also prolong QT, increasing the risk
of ventricular arrhythmia (torsade de pointes). Therefore, the QT
interval should be monitored in those patients with risk factors,
avoiding drugs that prolong QT as much as possible.20

Dyslipidemia was another independent variable associated with
developing potential interactions with LPV/r in our study. Simvas-
tatin and atorvastatin were 2 of the drugs with the highest rate
of interaction, responsible for the previous association. Hyperc-
holesterolemia and PI-statin interaction are also recurrent in HIV
patients.21 On the other hand, there is currently not enough evi-
dence to show that statins are beneficial or harmful in COVID-19.
Therefore, because prior cardiovascular disease is associated with
a worse prognosis of COVID-19,22 the immunomodulatory capac-
ity of statins in the immune response23 and their prior benefit in
viral pneumonia,24 it may  be possible to consider keeping statins
as indicated, by adjusting the dose or selecting those that are free
of interaction with LPV/r (Table 3).

Our study has some limitations. In the screening of the interac-
tions, we  found slight discrepancies in some interactions between
the different databases, which can make establishing recommen-
dations difficult. On the other hand, databases report interactions
between two drugs, while screening is carried out with multiple
combinations that can have an unaccounted-for sum effect, such
as pharmacodynamic interaction, prolongation of QT.

In conclusion, COVID-19 patients undergoing treatment with
LPV/r are exposed to having a high prevalence of potential inter-
actions, with age (>65), admission to the ICU, previous respiratory
disease and psychiatric disorders, dyslipidaemia and the number
of drugs prescribed behaving as associated risk factors. Knowledge
of the potential interactions profile in a COVID-19 patient receiving
LPV/r and his/her adequate treatment can improve the safety and
effectiveness of treatments. Collaboration between hospital and
clinical pharmacists is essential for the comprehensive approach
and treatment of the COVID 19 pandemic.
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D. Brandariz-Nuñez et al. / Me

4. Cvetkovic RS, Goa KL. Lopinavir/ritonavir: a review of its use
in the management of HIV infection. Drugs. 2003;63:769–802,
http://dx.doi.org/10.2165/11204950-000000000-00000.

5.  Ficha técnica de Kaletra® . [Accessed 20 Apil 2020]. Available from:
https://cima.aemps.es/cima/pdfs/es/ft/01172006/FT01172006.pdf.

6.  Pedrós Cholvi C, Maria Arnau de Bolós J. Interacciones farma-
cológicas en geriatría. Rev Esp Geriatr Gerontol. 2008;43:261–3,
http://dx.doi.org/10.1016/s0211-139x(08)71191-0.

7.  Herramienta online de interacciones medicamentosas de Lexicomp®

Drug Interactions (Uptodate®) [Accessed 10 April 2020]. Available from:
https://www.uptodate.com/drug-interactions.

8.  Herramienta online de interacciones medicamentosas de la Universidad de
Liverpool. HIV drugs interactions. [Accessed 10 April 2020]. Available from:
www.HIV-druginteractions.org (Versión 20. Marzo. 2020).

9.  Herramienta online de interacciones medicamentosas de la Universidad de Liv-
erpool. Interactions with experimental COVID-19 Therapies. [Accessed 10 April
2020]. Available from: www.covid19-druginteractions.org. (Versión 20 Marzo.
2020).

0. Evans-Jones JG, Cottle LE, Back DJ, Gibbons S, Beeching NJ, Carey PB, et al. Recog-
nition of risk for clinically significant drug interactions among HIV-infected
patients receiving antiretroviral therapy. Clin Infect Dis. 2010;50:1419–21,
http://dx.doi.org/10.1086/652149.

1. Marzolini C, Elzi L, Gibbons S, Weber R, Fux C, Furrer H, et al.
Prevalence of comedications and effect of potential drug-drug interac-
tions in the Swiss HIV Cohort Study. Antivir Ther. 2010;15:413–23,
http://dx.doi.org/10.3851/IMP1540.

2. Tseng A, Foisy M.  Important drug-drug interactions in HIV-infected
persons on antiretroviral therapy: an update on new interactions
between HIV and non-HIV drugs. Curr Infect Dis Rep. 2012;14:67–82,
http://dx.doi.org/10.1007/s11908-011-0229-1.

3.  Polypharmacy and potential drug-drug interactions in an HIV-infected elderly

population. Farm Hosp. 2017;41:618–24, http://dx.doi.org/10.7399/fh.10778.

4.  Hernández M,  Tribiño G, Bustamante C. Characterization of poten-
tial drug drug interactions in patients hospitalized in the intensive
care unit of a tertiary hospital in Bogotá. Biomedica. 2018;38:407–16,
http://dx.doi.org/10.7705/biomedica.v38i4.3884.
(Barc). 2020;155(7):281–287 287

5. Elanjian S, Gora ML,  Symes LR. Methods used by pharmacy departments to
identify drugs interactions. Am J Hosp Pharm. 1993;50:2546–9.

6. Buca C, Farca A, Cazacu I, Leucuta D, Achimas-Cadariu A, Mogosan C,
et  al. How many potential drug–drug interactions cause adverse drug
reactions in Hospitalized patients? Eur J Intern Med. 2013;24:27–33,
http://dx.doi.org/10.1016/j.ejim.2012.09.011.

7. Goodlet KJ, Zmarlicka MT, Peckham AM.  Drug-drug interactions and clinical con-
siderations with co-administration of antiretrovirals and psychotropic drugs.
CNS  Spectr. 2019;24:287–312, http://dx.doi.org/10.1017/S109285291800113X.

8. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated
with poor prognosis in patients with novel coronavirus pneumonia. J Thromb
Haemost. 2020;18:844–7, http://dx.doi.org/10.1111/jth.14768.

9. Bikdeli B, Madhavan MV,  Jimenez D, Chuich T, Dreyfus I, Driggin E, et al.
COVID-19 and thrombotic or thromboembolic disease: implications for pre-
vention, antithrombotic therapy, and follow-up. J Am Coll Cardiol. 2020,
http://dx.doi.org/10.1016/j.jacc.2020.04.031.

0.  Tisdale JE. Drug-induced QT interval prolongation and torsades de pointes: Role
of  the pharmacist in risk assessment, prevention and management. Can Pharm
J  (Ott). 2016;149:139–52, http://dx.doi.org/10.1177/1715163516641136.

1. Chauvin B, Drouot S, Barrail-Tran A, Taburet A-M. Drug–drug
interactions between HMG-CoA reductase inhibitors (statins) and
antiviral protease inhibitors. Clin Pharmacokinet. 2013;52:815–31,
http://dx.doi.org/10.1007/s40262-013-0075-4.

2.  Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. The Lancet. 2020;395(10229):1054–62,
http://dx.doi.org/10.1016/S0140-6736(20)30566-3.

3.  Yuan S. Statins may  decrease the fatality rate of middle
east  respiratory syndrome infection. mBio. 2015;6:e01120–15,
Association between use of statins and mortality among patients hospitalized
with laboratory-confirmed influenza virus infections: a multistate study. J Infect
Dis. 2012;205:13–9, http://dx.doi.org/10.1093/infdis/jir695.

dx.doi.org/10.2165/11204950-000000000-00000
https://cima.aemps.es/cima/pdfs/es/ft/01172006/FT01172006.pdf
dx.doi.org/10.1016/s0211-139x(08)71191-0
https://www.uptodate.com/drug-interactions
http://www.HIV-druginteractions.org
http://www.covid19-druginteractions.org
dx.doi.org/10.1086/652149
dx.doi.org/10.3851/IMP1540
dx.doi.org/10.1007/s11908-011-0229-1
dx.doi.org/10.7399/fh.10778
dx.doi.org/10.7705/biomedica.v38i4.3884
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
http://refhub.elsevier.com/S2173-5743(19)30124-8/sbref0050
dx.doi.org/10.1016/j.ejim.2012.09.011
dx.doi.org/10.1017/S109285291800113X
dx.doi.org/10.1111/jth.14768
dx.doi.org/10.1016/j.jacc.2020.04.031
dx.doi.org/10.1177/1715163516641136
dx.doi.org/10.1007/s40262-013-0075-4
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1128/mBio.01120-15
dx.doi.org/10.1093/infdis/jir695

