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Abstract: The emergency of the coronavirus disease 2019 (COVID-19) pandemic led to the off-label
use of drugs without data on their toxicity profiles in patients with COVID-19, or on their concomitant
use. Patients included in the COVID-19 Patient Registry of a tertiary hospital during the first wave
were analyzed to evaluate the adverse drug reactions (ADRs) with the selected treatments. Twenty-
one percent of patients (197 out of 933) had at least one ADR, with a total of 240 ADRs. Patients
with ADRs were more commonly treated with multiple drugs for COVID-19 infection than patients
without ADRs (p < 0.001). They were younger (median 62 years vs. 70.1 years; p < 0.001) and took
less medication regularly (69.5% vs. 75.7%; p = 0.031). The most frequent ADRs were gastrointestinal
(67.1%), hepatobiliary (10.8%), and cardiac disorders (3.3%). Drugs more frequently involved included
lopinavir/ritonavir (82.2%), hydroxychloroquine (72.1%), and azithromycin (66.5%). Although most
ADRs recovered without sequelae, fatal cases were described, even though the role of the disease
could not be completely ruled out. In similar situations, efforts should be made to use the drugs in
the context of clinical trials, and to limit off-label use to those drugs with a better benefit/risk profile
in specific situations and for patients at high risk of poor disease prognosis.

Keywords: adverse drug reactions; off-label use; registries; COVID-19; lopinavir/ritonavir;
hydroxychloroquine

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was identified in early
2020, spreading rapidly worldwide and acquiring pandemic status in March 2020. No
specific treatments were available, although a large number of clinical trials quickly started,
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assessing different treatment options and prevention modalities. The emergency of the
situation and the lack of evidence-based information led, in clinical practice, to the off-label
use of many treatments that have been on the market for a long time, such as chloroquine,
hydroxychloroquine, lopinavir/ritonavir, azithromycin, ceftriaxone, and interferons [1–3].
In Spain, these medicines were used in accordance with Royal Decree 1015/2009 of 19 June,
which regulates the availability of medicines in special situations [4].

Although the toxicity profile of these drugs is relatively well known in approved
indications from clinical trials and post-marketing experience, caution should be exercised
when using them for a new disease and in combination, due to the high potential for drug
interactions [5]. One of the main concerns is that several of these drugs (i.e., chloroquine,
hydroxychloroquine, lopinavir/ritonavir, azithromycin) may prolong the QTc interval and
increase the risk of ventricular arrhythmias and drug-induced sudden death. Although in
absolute terms the incidence of cardiac events related to each of them is low—especially in
short-term treatments—the risk is expected to increase when they are used in combination
(pharmacodynamic interaction) or in the presence of other risk factors [6–11]. Further-
more, their use in patients with a still-unknown pathology (e.g., coronavirus disease 2019
(COVID-19)) could be associated with a different adverse drug reaction (ADR) profile [12].

A prevalence of ADRs of 37.8% was described in 217 patients admitted to the First
Hospital of Changsha, in China, over a period of one month. Gastrointestinal and hepatic
disorders predominated; the drugs most commonly involved were lopinavir/ritonavir
and umifenovir, and the length of hospital stay (OR 2.02, p = 0.04), number of drugs used
(OR 3.17, p = 0.001), and presence of underlying basic diseases (OR 2.07, p = 0.04) were
independent risk factors for ADRs [13].

The aim of this study was to assess the frequency, type, and main characteristics of
ADRs with the drugs used to treat COVID-19 in a third-level university hospital, and to
analyze possible risk factors associated with ADRs.

2. Materials and Methods

A retrospective, observational, hospital-based, single-center study was carried out
using data from a specific registry of inpatients affected by COVID-19 at the Vall d’Hebron
Hospital Universitari, in Barcelona, Spain—a 1100-bed public, university, tertiary hos-
pital in Barcelona. At the peak of the pandemic, about 650 beds were occupied by
COVID-19 patients.

The registry included adult patients who were admitted to any in-hospital department.
Data on demographic characteristics, toxic habits, comorbidities, usual medications, clinical
signs and symptoms, severity of COVID-19, treatment, complications, and outcomes were
recorded. Information about possible ADRs during treatment and their outcomes was
also included in this registry. All of the registered information was collected manually by
trained clinicians from the electronic medical records of hospitalized patients diagnosed
with COVID-19. For this study, patients registered between 1 March and 15 May 2020
were selected, and those for whom an ADR related to drugs used to treat COVID-19 was
suspected were analyzed and compared to the rest of the patients. To guarantee the data
quality of the records and avoid errors, limits were placed on the values of some variables,
and a queries system was used.

ADRs were classified according to the Medical Dictionary for Regulatory Activities
MedDRA® [14], and drugs were classified according to the 2020 Anatomical Therapeutic
Chemical (ATC) classification system [15]. The plausibility of the association between ADRs
and drugs was analyzed and discussed according to the Spanish Pharmacovigilance System
algorithm, which takes into account the temporal sequence, prior knowledge of the ADR,
drug withdrawal effects, drug re-exposure effects (if applicable), and possible alternative
causes of symptoms [16]. When information to properly assess the causality of the drug(s)
was lacking, the patient’s electronic medical records were reviewed. According to previous
knowledge, ADRs were classified as well-known ADRs (if they were described in the prod-
uct labelling), known from anecdotal reports, and unknown. The seriousness of the ADRs
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was classified in accordance with the European Union’s criteria. ADRs were considered
serious when they were life-threatening or resulted in death, required hospitalization or
prolonged an existing hospitalization, resulted in persisting disability, or were classified
as an important medical event. The remaining cases were classified as non-serious [17].
Identified suspected ADRs were reported to the Spanish Pharmacovigilance System.

Categorical variables are expressed as frequencies and percentages, and numerical
variables are expressed as medians and interquartile ranges (IQRs). Chi-squared or Fisher
tests were applied for comparison of categorical characteristics, and the Mann–Whitney test
was used for continuous ones. Trend tests were used to analyze the relationship between the
number of drugs administered (ordinal variable) and the reporting of ADRs. Significance
was set at a level of 0.05, and was two-tailed. The statistical analysis was performed using
the SAS® 9.4 statistical package (SAS Institute Inc., Cary, NC, USA).

The study was conducted according to international ethical recommendations, and was
approved by the local Research Ethics Committee, following the national directives related to
post-authorization studies (protocol code VDH-2020-01, date of approval 5 June 2020).

3. Results

A total of 933 patients was included. Their median age was 67.7 years (IQR 52.1–78.8),
and 54.3% were men. Obesity (body mass index ≥ 30 kg/m2) was present in 19.0% of
patients, and 4.2% declared themselves to be active smokers. Intensive care unit admission
was required in 12.6% of patients, and median oxygen saturation was 96 (IQR 93–98). The
principal comorbidities were hypertension (47.8%), chronic respiratory disease (20.5%), and
diabetes (19.8%). Seven hundred and six patients (75.7%) were receiving chronic medication,
the most common being proton-pump inhibitors (34.6%), statins (26.5%), analgesics such as
acetaminophen (15.2%), and ACE inhibitors (14.3%). Regarding COVID-19 treatment, 75.0%
of patients received between 3 and 5 drugs, the most frequent being hydroxychloroquine
(90.0% of patients), azithromycin (87.2%), ceftriaxone (71.1%), lopinavir/ritonavir (67.3%),
and tocilizumab (18.6%).

One hundred and ninety-seven patients (21.1%) experienced at least one ADR, with a
total of 240 ADRs. The patients’ baseline characteristics are detailed in Table 1. Compared
to patients without ADRs, those with ADRs were younger (median 62 years vs. 70.1;
p < 0.001), were taking less chronic medication (69.5% vs. 75.7%; p = 0.031), and some
specific comorbidities (i.e., hypertension, CNS diseases, or moderate/severe cognitive
impairment) were significantly less common. As shown in Table 2, patients with ADRs
were more commonly treated with multiple drugs for COVID-19 infection than patients
without ADRs (p < 0.001).

Table 3 shows that the most common ADRs were gastrointestinal (67.1%) and hep-
atobiliary disorders (10.8%), followed by cardiac disorders (3.3%) and abnormal inves-
tigations consisting of electrocardiogram QT prolongation (2.9%). The drugs most fre-
quently involved (i.e., considered suspicious of causing or contributing to ADRs) were
lopinavir/ritonavir (82.2% of patients with ADRs), hydroxychloroquine (72.1%), and
azithromycin (66.5%), although in some cases a role of the disease could not be excluded.
Treatment with levofloxacin, lopinavir/ritonavir, or interferon beta-1b was related to
one or more ADRs in >20% of treated patients (Table 4). Patients treated with hydroxy-
chloroquine, lopinavir/ritonavir, or tocilizumab were significantly younger than those not
treated with these drugs (lower median age), while patients treated with ceftriaxone or
darunavir/cobicistat were older, on average. Patients with arterial hypertension were less
commonly treated with lopinavir/ritonavir or tocilizumab, and more commonly treated
with darunavir/cobicistat or ceftriaxone (Table 5 and Supplementary Figures S1 and S2).
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Table 1. Baseline characteristics of patients.

All Patients (n = 933) Patients with ADRs
(n = 197)

Patients without ADRs
(n = 736) p

Personal and clinical data; n (% of patients), unless otherwise specified
Age (years); median (IQR) 67.7 (52.1–78.8) 62.0 (50.7–73.2) 70.1 (53.2–80.1) <0.001
Male 507 (54.3) 95 (48.2) 412 (56.0)
Female 426 (45.7) 102 (51.8) 324 (44.0) 0.052
Pregnancy 14 (3.3) 4 (3.9) 10 (3.1) 0.750
Obesity (2 missing) 177 (19.0) 41 (20.9) 136 (18.5) 0.444
BMI (kg/m2); median (IQR) 33.5 (31.2–37) 33.8 (31.4–36.4) 33.4 (31.2–37.9) 0.567
History of drug allergy 143 (15.3) 34 (17.3) 109 (14.8) 0.397
ECOG prior to admission (grade 0) 725 (77.7) 162 (82.2) 563 (77.7) 0.086
Moderate/severe cognitive impairment 51 (5.5) 3 (1.5) 48 (6.5) 0.006
Active smoker 39 (4.2) 6 (3.0) 33 (4.5) 0.370
Active alcoholism 38 (4.1) 5 (2.5) 33 (4.5) 0.220
Comorbidities; n (% of patients)
Hypertension 446 (47.8) 74 (37.4) 372 (50.5) 0.001
Diabetes 185 (19.8) 32 (16.2) 153 (20.8) 0.155
Chronic renal failure 115 (12.3) 20 (10.2) 95 (12.9) 0.296
Chronic respiratory disease 191 (20.5) 34 (17.3) 157 (21.3) 0.208
Heart failure 63 (6.8) 7 (3.6) 56 (7.6) 0.044
Ischemic heart disease 92 (9.9) 13 (6.6) 79 (10.7) 0.084
Atrial fibrillation 86 (9.2) 16 (8.1) 70 (9.5) 0.549
Immunosuppression 86 (9.2) 24 (12.2) 62 (8.4) 0.105
History of solid malignancy 112 (12.0) 25 (12.7) 87 (11.8) 0.739
History of leukemia/lymphoma 21 (2.3) 5 (2.5) 16 (2.2) 0.787
HCV/VHB infection 19 (2.0) 0 19 (2.6) 0.019
Non-viral liver disease 33 (3.5) 4 (2.0) 29 (3.9) 0.197
Cirrhosis 8 (0.9) 0 8 (1.1) 0.215
CNS disease 93 (10.0) 10 (5.1) 83 (11.3) 0.010
Psychiatric disorder 93 (10.0) 23 (11.7) 70 (9.5) 0.368
Usual medication; n (% of patients)
Yes 706 (75.7) 137 (69.5) 569 (77.3) 0.031
Proton-pump inhibitors (A02BC) 323 (34.6) 57 (28.9) 266 (36.1) 0.059
HMG CoA reductase inhibitors (C10AA) 26.5 (247) 44 (22.3) 203 (27.6) 0.138
Anilides, analgesics (N02BE) 142 (15.2) 22 (11.2) 120 (16.3) 0.075
ACE inhibitors (C09AA) 133 (14.3) 27 (13.7) 106 (14.4) 0.804
Platelet aggregation inhibitors, excluding heparin
(B01AC) 131 (14.0) 24 (12.2) 107 (14.5) 0.398

Beta-blocking agents, selective (C07AB) 122 (13.1) 22 (11.2) 100 (13.6) 0.371
Dihydropyridine derivatives (C08CA) 121 (13.0) 19 (9.6) 102 (13.9) 0.118
Sulfonamides, diuretics (C03CA) 113 (12.1) 23 (11.7) 90 (12.2) 0.833
Benzodiazepine derivatives (N05BA) 108 (11.6) 16 (8.1) 92 (12.5) 0.088
Angiotensin II receptor blockers (C09CA) 95 (10.2) 22 (11.2) 73 (9.9) 0.607
COVID-19 data; n (% of patients)
Intensive care unit admission 118 (12.6) 32 (16.2) 86 (11.7) 0.087
Oxygen saturation (pulse oximeter); median (IQR) 96 (93–98) 96 (94–98) 96 (93–98) 0.479
Outcome: patient recovered from COVID-19 692 (74.2) 166 (84.3) 526 (71.5) <0.001

ADRs: adverse drug reactions; IQR: interquartile range; BMI: body mass index; ECOG: Eastern Collaborative
Group performance status; HCV: hepatitis C virus; HBV: hepatitis B virus; CNS: central nervous system.

Table 2. Numbers of drugs used for COVID-19 treatment or related complications.

Number of Drugs
Per Patient

All Patients (n = 933)
n (%)

Patients with ADRs
(n = 197) n (%)

Patients without
ADRs (n = 736) n (%)

1 35 (3.8) 2 (1.0) 33 (4.5)
2 95 (10.2) 15 (7.6) 80 (10.9)
3 163 (17.5) 23 (11.7) 140 (19.0)
4 377 (40.4) 81 (41.1) 296 (40.2)
5 156 (16.7) 44 (22.3) 112 (15.2)
≥6 107 (11.5) 32 (16.2) 75 (10.2)
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Table 3. ADRs according to the affected system organ class.

System Organ Class Disorders n (%)

Gastrointestinal disorders 161 (67.1)
Hepatobiliary disorders 26 (10.8)
Cardiac disorders 8 (3.3)
Investigations 7 (2.9)
Skin and subcutaneous tissue disorders 7 (2.9)
General disorders and administration site conditions 4 (1.7)
Renal and urinary disorders 4 (1.7)
Endocrine disorders 3 (1.3)
Metabolism and nutrition disorders 3 (1.3)
Nervous system disorders 3 (1.3)
Psychiatric disorders 3 (1.3)
Vascular disorders 3 (1.3)
Blood and lymphatic system disorders 2 (0.8)
Respiratory, thoracic, and mediastinal disorders 2 (0.8)
Ear and labyrinth disorders 1 (0.4)
Infections and infestations 1 (0.4)
Injury, poisoning, and procedural complications 1 (0.4)
Musculoskeletal and connective tissue disorders 1 (0.4)

Total 240 (100)

Table 4. Drugs deemed to be suspicious in ADRs.

Drugs Administered
Drugs a,b

Patients with ADRs
(n = 197)

n % of That
Drug Use

% of Total Patients
with ADRs

Lopinavir/ritonavir 628 162 25.8 82.2
Hydroxychloroquine 840 142 16.9 72.1
Azithromycin 814 131 16.1 66.5
Ceftriaxone 663 89 13.4 45.2
Darunavir/cobicistat 166 19 11.4 9.6
Tocilizumab 174 17 9.8 8.6
Levofloxacin 35 11 31.4 5.6
Interferon beta-1b 47 11 23.4 5.6
Amoxicillin + clavulanic acid 41 7 17.1 3.5
Piperacillin/tazobactam 65 7 10.8 3.5
Prednisone 37 2 5.4 1.0
Methylprednisolone 92 2 2.2 1.0
Meropenem 38 1 2.6 0.5
Hydrocortisone 14 0 0 0
Dexamethasone 8 0 0 0

a Number of patients with each drug (patients were exposed to at least one drug). b Others: acenocoumarol,
enoxaparin, metoclopramide, micafungin, propofol, and tacrolimus, involved in 2 ADRs each; aztreonam,
cefotaxime, ceftazidime, cotrimoxazole, digoxin, metamizole, nitroglycerin, quetiapine, risperidone, salbutamol,
and valsartan, involved in 1 ADR each.

Diarrhea was the most frequent ADR, representing nearly half of all ADRs. Other
ADRs that accounted for at least five cases were nausea, vomiting, different types of liver
damage (e.g., hyperbilirubinemia, mixed liver injury, cytolysis), and QT prolongation.
ADRs and suspicious drugs considered to be possibly involved in those ADRs are detailed
in Table 6 and Supplementary Table S1.
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Table 5. Age of the patients and percentage of patients with arterial hypertension according to the
drugs administered.

Drug

Median Age of Patients (Years) % of Patients with Arterial
Hypertension

Administered Drug Administered Drug

Yes No p Yes No p

Hydroxychloroquine 66.79 75.36 0.001 47.38 51.61 0.438
Azithromycin 67.61 67.95 0.668 47.91 47.06 0.862
Ceftriaxone 69.46 63.20 0.026 50.53 41.11 0.009
Lopinavir/ritonavir 62.05 76.23 <0.001 41.08 61.64 <0.001
Tocilizumab 61.95 69.46 <0.001 40.80 49.41 0.041
Darunavir/cobicistat 73.83 66.03 <0.001 59.04 45.37 0.001
Methylprednisolone 70.96 67.21 0.172 50.00 47.56 0.657
Piperacillin/tazobactam 65.81 68.23 0.335 53.85 47.35 0.312
Others 60.49 68.46 0.027 33.33 48.69 0.028
Interferon beta-1b 62.46 68.38 0.035 42.55 48.08 0.460
Amoxicillin + clavulanic acid 71.22 67.42 0.768 39.02 48.21 0.250
Meropenem 58.59 68.47 0.006 44.74 47.93 0.699
Prednisone 68.68 67.61 0.588 78.38 46.54 <0.001
Levofloxacin 74.26 67.41 0.058 57.14 47.44 0.260
Hydrocortisone 64.83 67.89 0.378 42.86 47.88 0.709
Dexamethasone 62.45 67.89 0.393 12.50 48.11 0.071

Table 6. Principal ADRs and suspicious drugs a.

ADR, n (%) Suspicious Drugs in ≥2 ADRs

Diarrhea, 113 (47.1%)
Lopinavir/ritonavir (104), hydroxychloroquine (79), azithromycin (75), ceftriaxone (57),
darunavir/cobicistat (8), tocilizumab (6), amoxicillin/clavulanic acid (4),
piperacillin/tazobactam (3), levofloxacin (2)

Nausea, 22 (9.2%) Lopinavir/ritonavir (18), hydroxychloroquine (17), azithromycin (13), ceftriaxone (11),
darunavir/cobicistat (3), levofloxacin (2)

Vomiting, 17 (7.1%) Azithromycin (15), lopinavir/ritonavir (15), hydroxychloroquine (13), ceftriaxone (10)

Hyperbilirubinemia, 10 (4.2%) Lopinavir/ritonavir (10), azithromycin (8), hydroxychloroquine (8), interferon beta-1b (4),
ceftriaxone (3), levofloxacin (3), tocilizumab (2)

Electrocardiogram QT prolonged, 7 (2.9%) Azithromycin (6), hydroxychloroquine (5), lopinavir/ritonavir (3), ceftriaxone (2)

Mixed liver injury, 6 (2.5%) Azithromycin (4), hydroxychloroquine (4), lopinavir/ritonavir (4), ceftriaxone (2), interferon
beta-1b (2), piperacillin/tazobactam (2), tocilizumab (2)

Hepatic cytolysis, 5 (2.1%) Azithromycin (5), hydroxychloroquine (5), lopinavir/ritonavir (5), ceftriaxone (3), tocilizumab (3)

Acute kidney injury, 4 (1.7%) Hydroxychloroquine (4), azithromycin (3), lopinavir/ritonavir (3)

Sudden death, 4 (1.7%) Hydroxychloroquine (4), azithromycin (3), lopinavir/ritonavir (3), levofloxacin (2)

Other, 52 (21.7%)
a More than one drug could be involved in one ARD. Complete information can be found in the Supplementary
Material.

In all suspected ADRs, there was a temporal relationship between the onset of signs
or symptoms and the initiation of treatment with suspected drugs. ADRs were previously
known for at least one of the drugs considered as suspicious except in four ADRs: two
cases of bradycardia with a normal QTc interval in patients treated with azithromycin,
hydroxychloroquine, and lopinavir/ritonavir (plus tocilizumab in one case); one case of
atrial fibrillation with azithromycin, ceftriaxone, darunavir/cobicistat, and hydroxychloro-
quine; and a fall experienced in a patient treated with azithromycin, ceftriaxone, interferon
beta-1b, and lopinavir/ritonavir. It should be mentioned that this fall was the consequence
of other known ADRs (agitation and confusion) in the same patient. Re-exposure was not
available for any case. Drug withdrawal resulted in recovery without sequelae in 87.9%
of ADRs (211), and death in 4.2% (10 ADRs in 6 patients); 9 ADRs (3.7%) had not been
resolved when the study was completed, and in 10 ADRs (4.2%) the outcome was unknown.
Alternative causes were difficult to assess given the novelty of the disease. The possibility
that COVID-19 itself could explain some of the signs or symptoms registered as ADRs was
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considered in many cases, including cases of well-known ADRs (e.g., diarrhea in patients
receiving lopinavir/ritonavir), when the temporary relationship and course after drug
withdrawal was not completely suggestive, as well as in some cases of hepatitis.

Seventeen ADRs (7.1%) were serious, and affected 14 patients. These ADRs corre-
sponded to four cases of sudden death in patients with multiple treatments, single cases
of different cardiac disorders (i.e., atrial fibrillation, bradycardia, hypotension with tachy-
cardia and cardiac arrest, atrial flutter with cardiogenic shock, and electrocardiogram QTc
prolongation), hepatobiliary disorders (i.e., one case of cholestatic hepatitis and one of
mixed liver injury), and others (i.e., one case of large intestine perforation, one septic shock
and one chest wall hematoma). More specifically, there were six cases with fatal outcomes:
four patients suffered sudden death (three during treatment with lopinavir/ritonavir, hy-
droxychloroquine, and other drugs (i.e., azithromycin, levofloxacin, quetiapine, and/or
risperidone); and another after registering a long QT interval while on treatment with
azithromycin, hydroxychloroquine, metoclopramide, propofol, and salbutamol), and two
fatal cases were due to cardiac complications after tachyarrhythmia when on treatment
with hydroxychloroquine and azithromycin in one case, and with hydroxychloroquine,
digoxin, nitroglycerin, and metamizole in the other case.

4. Discussion

This is the first published study using a specific clinical registry of patients affected
by COVID-19 in a hospital with complete and easily retrievable information, including
data on suspected ADRs. One out of five patients admitted to our hospital during the first
wave of the pandemic had at least one ADR possibly related to administered treatments,
with gastrointestinal (67.1%), hepatobiliary (10.8%), and cardiac disorders (3.3%) being
the most frequent, followed by electrocardiogram QT prolongation (2.9%). Compared to
patients without ADRs, patients with ADRs were younger, took less medication regularly,
were less commonly affected by some comorbidities (i.e., hypertension, CNS diseases, or
moderate/severe cognitive impairment), and were more frequently exposed to multiple
treatments for COVID-19 or related complications. The drugs most frequently considered
to be involved in ADRs were lopinavir/ritonavir, hydroxychloroquine, and azithromycin.

The frequency of ADRs in patients treated during the first wave varies between studies,
probably due to the diversity in both study methodology and the drugs used to treat the
condition in different centers. Sun et al. described a 37.8% prevalence of ADRs, while
Ramirez et al. reported an incidence of 760.63 (CI 95% 707.89–816.01) per 10,000 patients, in
studies based on triggers to identify suspected serious ADRs [13,18]. In a random sample
of patients admitted to US hospitals, 12% had ADRs, with a higher rate in those enrolled in
clinical trials [3].

Diarrhea was the most frequent ADR in our study, representing nearly half of all ADRs,
largely due to the high impact of lopinavir/ritonavir-induced diarrhea. As an adverse
event, diarrhea has been described in approximately 50% of patients with human immunod-
eficiency virus infection during clinical trials with lopinavir/ritonavir [19]. Nonetheless, if
we consider the total number of patients exposed to lopinavir/ritonavir in our registry, the
frequency of diarrhea with this drug was lower (16.6%). Given the high frequency of this
ADR and its low severity, it is possible that in some cases no special mention was made in
medical records. Other explanations could include a lower incidence of diarrhea probably
related to lopinavir/ritonavir in patients with COVID-19 infection (as the frequency of this
adverse event in clinical trials in this population was lower, at 4.2%), or the possibility that
it was considered to be a symptom related to the disease [20].

Most ADRs were previously known for the majority of drugs considered to have been
possibly involved, although in some cases other drugs with a temporary relationship with
the ADR were also considered suspicious. Only four ADRs were previously unknown.
Alternative causes were difficult to assess given the novelty of the disease, along with the
possibility that COVID-19 itself could explain some of the signs or symptoms registered
as ADRs, including cases of well-known ADRs such as diarrhea in patients receiving
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lopinavir/ritonavir, as well as some cases of hepatitis. The inflammation–drug interaction
in these patients has been highlighted as a plausible mechanism of injury to the liver (or
other organs) [12,21].

The majority of ADRs resulted in recovery of the patient, although 7.1% of ADRs (in
14 patients) were serious, and 6 patients died. Except for one case of intestinal perfora-
tion with tocilizumab and two cases of hepatitis, serious cases corresponded to cardiac
disorders with arrhythmias or sudden death otherwise unexplained, in which no previous
electrocardiogram was available, and where the possibility of an arrhythmia secondary to
COVID-19 could not be completely ruled out. It is well known that hydroxychloroquine,
lopinavir/ritonavir, azithromycin, and other drugs may prolong the QTc interval and
increase the risk of ventricular arrhythmias and drug-induced sudden death. Long QTc
interval and arrhythmia are the primary manifestations of drug-induced cardiovascular
injury caused by anti-COVID-19 drugs used during the first wave [6–11,22,23]. Bernardini
et al. documented a prolonged QTc interval in 61% of COVID-19 patients treated with
hydroxychloroquine alone or in combination with azithromycin, but only four (4%) patients
showed a QTc > 500 ms, and no arrhythmic fatalities were described [24]. In another study
with propensity-matching of groups, there were no differences in in-hospital mortality,
life-threatening arrhythmias, or incidence of pulseless electrical activity arrest between
a group of patients treated with hydroxychloroquine and azithromycin and untreated
control groups, although QTc intervals were longer in patients receiving both treatments,
and one patient developed drug-related ventricular tachycardia [9]. Once again, it is also
challenging to distinguish mortality and cardiac arrhythmias due to COVID-19 from those
related to its treatment [10,12].

As expected, patients with ADRs were more commonly treated with more drugs for
COVID-19 infection than patients without ADRs. Regarding baseline characteristics, an
increased risk of ADRs was seen in patients who were younger, taking less medication
regularly, and with less presence of certain comorbidities in our study. This was probably
related to the differences in the drugs used according to age, as well as the presence of
some comorbidities, such as arterial hypertension. Lopinavir/ritonavir was the drug most
commonly implicated as a suspect in ADRs, and it was used more in young patients
and less in those with arterial hypertension. Sun et al., in their retrospective analysis in
a hospital in China, identified the length of stay, number of drugs used in the hospital,
and the presence of underlying basic diseases as independent risk factors for ADRs, with
no differences regarding gender or age [13]. Zekarias et al. analyzed ADRs reported in
VigiBase for drugs used in the treatment of COVID-19 in comparison with their use in
other indications, specifically focusing on sex differences [25]. Their results revealed a male
predominance of ADR reports for drugs used for COVID-19. Some gender differences in
the reporting patterns need further elucidation—for example, the fact that hepatic and
kidney-related events were mostly reported in males. We did not find differences in the risk
of ADRs according to gender, but a specific analysis of the type of ADRs was not performed.
On the other hand, the role of the disease itself, affecting males more severely, could be an
important confounding factor.

The role of the disease is the principal limitation when assessing drug causality in
suspected ADRs—especially during the first wave of COVID-19, when the disease was
scarcely known. However, we were already aware of the disease as a possible cause of
diarrhea, hepatitis, and systemic damage (other than the lung involvement) and, as with
other studies [18], a great effort was made to carefully assess the temporary causality of
drugs and the evolution of ADRs in order to better analyze the possible contribution of the
drugs to the ADRs.

A strength of our study is that the register allowed us to identify a wide variety of
ADRs suspected by clinicians attending patients. The design of the two largest studies
previously reported was completely different, as the detection of possible ADRs was
based on an active follow-up model with identification of triggers (biochemical or other)
suggestive of ADRs [13,18]. On the other hand, we were able to carry out a causality
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assessment of drugs (patients’ medical records were reviewed if more information was
needed), and to identify not only the most frequent ADRs, but also all of the drugs that
were possibly involved.

The main limitation is that this is a retrospective observational study, in which infor-
mation on ADRs was collected from a registry. Therefore, the incidence of ADRs could have
been underestimated. However, serious effects are recorded in patients’ medical records.
On the other hand, the study was carried out in only one center, so the external validity
of the results may be limited. However, this is one of the public hospitals with the largest
numbers of beds in Catalonia, with an extensive registry of patients, and it is to be expected
that data can be extrapolated and are representative of patients treated in other hospitals
with similar characteristics.

In conclusion, ADRs with treatments used during the first months of the COVID-19 pan-
demic were frequent, and consisted mainly of gastrointestinal, hepatobiliary, and cardiac
disorders. Patients with ADRs were younger, taking less medication regularly, with a lower
frequency of some comorbidities, and were more frequently exposed to multiple treatments.
The drugs most frequently considered to be involved in ADRs were lopinavir/ritonavir,
hydroxychloroquine, and azithromycin. Although most ADRs recovered without seque-
lae, fatal cases were described, although the role of the disease could not be completely
ruled out. We now have results from clinical trials indicating that these treatments are not
effective in patients with COVID-19. With the available information and looking back, in
similar emergency situations, efforts should be made to use drugs in the context of clinical
trials, and to limit off-label drug use to those drugs with a better benefit/risk profile in a
specific situation, and for patients at risk of a worse disease prognosis.

Supplementary Materials: The following supporting information can be downloaded at: https:
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