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Summary
Introduction.  —  When  the  severe  acute  respiratory  syndrome  coronavirus  2  (SARS-CoV-2)  pan-
demic began,  there  were  no  effective  treatments  assessed  by  clinical  trials.  In  this  context,
in France,  the  French  Public  Health  Council  issued,  from  5  March,  2020,  several  proposed  rec-
ommendations  for  the  therapeutic  management  of  this  new  disease.  This  included  the  use  of
combination  lopinavir/ritonavir,  which  is  usually  indicated  as  HIV  treatment.  Thanks  to  the
Pharmacovigilance reporting  of  adverse  drug  reactions  (ADRs)  to  the  French  Regional  Pharmacovigilance  Centers,
several safety  signals  including  hepatobiliary  and  cardiovascular  were  quickly  identified.
Objective.  —  This  study  aimed  to  compare  the  ADRs  reported  with  lopinavir/ritonavir  used  in
its usual  indication  prior  to  the  pandemic  with  the  ADRs  reported  with  the  coronavirus  disease
2019 (COVID-19)  indication.

Abbreviations: ADRs, Adverse drug reactions; ANSM, Agence Nationale de Sécurité du Médicament et des produits de santé; COVID-19,
oronavirus Disease 2019; HIV, Human Immunodeficiency Virus; ICH, International Council for Harmonisation of Technical Requirements for
harmaceuticals for Human Use; LOPI/RITO, lopinavir/ritonavir; MedDRA, Medical Dictionary for Regulatory Activities; MERS-CoV, Middle
ast respiratory syndrome coronavirus; PT, Preferred Term; RPVC, French Regional Pharmacovigilance Centres; SARS-CoV2, Severe Acute
espiratory Syndrome Coronavirus 2; SD, Standard Deviations; SOC, System Organ Classes; SOCm, Modified System Organ Classes; WHO,
orld Health Organization.
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040-5957/© 2022 Société  française de pharmacologie et de thérapeutique. Published by Elsevier Masson SAS. All rights reserved.

Please  cite  this  article  as:  P.  Lory,  S.  Combret,  J.  Michot  et  al.,  Safety  profile  of  the  lopinavir/ritonavir  combination
before  and  during  the  SARS-CoV-2  pandemic,  Therapies,  https://doi.org/10.1016/j.therap.2022.10.066

https://doi.org/10.1016/j.therap.2022.10.066
http://www.sciencedirect.com/science/journal/00405957
mailto:aurelie.grandvuillemin@chu-dijon.fr
https://doi.org/10.1016/j.therap.2022.10.066
https://doi.org/10.1016/j.therap.2022.10.066


ARTICLE IN PRESS+Model
THERAP-732; No. of Pages 7

P.  Lory,  S.  Combret,  J.  Michot  et  al.

Methods.  —  Cases  of  ADRs  were  extracted  from  the  French  Pharmacovigilance  Database.  ADRs
were compared  between  the  two  periods:  pre-COVID  (1985  to  31  December  2019)  and  COVID  (1
January 2020  to  21  July  2020).
Results.  —  Patients  with  COVID-19  were  found  to  have  a  different  safety  profile,  with  signifi-
cantly more  damage  to  the  liver  (43%  of  ADRs),  heart  (10.6%)  and  kidneys  (7.1%).  The  ADRs
reported  before  the  pandemic  were  mainly  gastrointestinal  and  cutaneous.
Conclusions.  —  This  different  safety  profile  may  be  related  to  the  effect  of  the  virus  on
the organs,  the  patient  profile  (age,  medical  history.  .  .) and  the  drugs  associated  with
lopinavir/ritonavir.  Our  study  should  serve  as  a  reminder  that  the  safety  profile  of  a  drug  can
depend on  its  use.  Spontaneous  reporting  and  pharmacovigilance  have  a  critical  role  in  alerting
health professionals  to  ‘‘new’’  ADRs  reported  with  well-known  drugs.

© 2022  Société  française  de  pharmacologie  et  de  thérapeutique.  Published  by  Elsevier  Masson
SAS. All  rights  reserved.
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hen  the  severe  acute  respiratory  syndrome  coronavirus  2
SARS-CoV-2)  pandemic  began,  in  March  2020,  there  were  no
ffective  treatments  assessed  by  clinical  trials.  In  France,
everal  drugs  were  used  to  manage  this  emergent  disease  in
he  early  period,  following  recommendations  proposed  by
he  French  Public  Health  Council  [1],  including:

remdesivir,  an  antiviral  drug  developed  for  the  treatment
of  Ebola-related  diseases  and  for  which  data  were  avail-
able  for  other  coronaviruses  (SARS-CoV  and  Middle  East
respiratory  syndrome  coronavirus  [MERS-CoV]).  As  early  as
February  2020,  specific  pharmacodynamic  data  on  SARS-
CoV-2  were  available;
chloroquine,  and  secondarily  hydroxychloroquine,  in  view
of  in  vitro  antiviral  action  with  data  available  for  SARS-
CoV  and  MERS-CoV;
immunomodulators  such  as  anti-Il6  (tocilizumab  in  partic-
ular)  in  connection  with  their  potentially  beneficial  action
in  the  treatment  of  cytokine  release  syndromes;
combination  of  lopinavir-ritonavir  (LOPI/RITO),  used  since
the  early  2000s  in  the  treatment  of  HIV  and  for  which  data
have  been  available  for  other  coronaviruses  (SARS-CoV
and  MERS-CoV).  Based  on  the  available  data,  the  rec-
ommended  dose  of  LOPI/RITO  was  the  same  as  that  for
the  treatment  of  human  deficiency  virus  (HIV)  infection
in  adults:  LOPI/RITO  200/50  mg  2  tablets  twice  daily  for
10—14  days  [2].

In  June  2020,  the  most  commonly  used  drugs  in  France,
utside  of  marketing  authorization  and  clinical  trials,  were
ydroxychloroquine  and  LOPI/RITO  [3].  However,  on  15  July,
020,  the  French  Public  Health  Council  advised  against  their
se  on  the  basis  of  available  data  which  did  not  provide  suf-
cient  evidence  of  their  effectiveness  in  treating  COVID-19
4].
In  this  particular  context,  the  French  pharmacovigi-
ance  network  was  very  attentive  to  the  use  of  these
rugs.  On  26  March,  2020,  two  serious  cases  of  car-
iovascular  complications  following  the  administration  of
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ydroxychloroquine  were  notified  by  health  care  pro-
essionals  and  were  reported  by  the  French  Regional
harmacovigilance  Centers  (RPVC)  to  the  French  National
gency  for  the  Safety  of  Medicines  and  Health  Products
Agence  nationale  de  sécurité  du  médicament  et  des  pro-
uits  de  santé  [ANSM]).  A  national  pharmacovigilance  survey
as  set  up  on  27  March  [5]. The  objective  of  this  survey
as  to  ensure  the  continuous  monitoring  of  adverse  drug

eactions  (ADRs)  to  all  drugs  used  in  patients  with  COVID-19
part  from  clinical  trials.  The  scope  of  the  survey  was  not
nly  ADRs  for  drugs  used  outside  their  marketing  authoriza-
ion,  but  also,  more  broadly,  ADRs  for  all  drugs  administered
o  these  patients.  In  addition,  the  investigation  aimed  to
etect  drugs  that  could  be  suspected  of  promoting  the  infec-
ion  or  causing  a  more  serious  form  of  the  disease  than
xpected.  The  data  were  initially  analyzed  on  a  daily  basis
nd  discussed  on  a  weekly  basis  within  a  specific  commit-
ee  at  ANSM.  A  cardiovascular  risk  emerged  with  LOPI/RITO,
long  with  renal  and  hepatic  toxicities  that  appeared  to  be
f  concern  due  to  their  severity  [3].

The  aim  of  our  study  was  to  compare  retrospectively  all
he  ADRs  reported  with  this  drug  used  in  its  usual  indication
HIV-1  infection),  collected  before  the  pandemic  period,
ith  those  reported  for  COVID-19  in  order  to  better  describe

he  safety  profile  of  this  treatment.

ethods

ata source

e  conducted  a  retrospective  observational  study.  As
etailed  in  a  previous  similar  work  for  hydroxychloroquine
6],  data  were  extracted  from  the  French  Pharmacovigilance
atabase  from  1  January  1985  to  21  July  2020.  The  relation-
hip  between  an  ADR  and  a  drug  was  assessed  according  to

he  French  pharmacovigilance  causality  assessment  method,
hich  is  based  on  chronology  (from  doubtful  C1  to  likely
3),  semiology  (from  doubtful  S0  to  likely  S3),  and  bib-

iography  (from  effect  never  published  B0  to  well-known
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ffect  B3)  [7,8].  The  seriousness  of  each  case  was  recorded
ccording  to  the  regulatory  definition  (European  Medicines
gency  —  ICH  Topic  E  2  A:  Clinical  Safety  Data  Manage-
ent:  Definitions  and  Standards  for  Expedited  Reporting,

une  1995,  Guideline  no.  CPMP/ICH/377/95.).  All  ADRs  are
oded  according  to  MedDRA  (The  Medical  Dictionary  for  Reg-
latory  Activities).

tudy design and cases selection

ll  cases  where  LOPI/RITO  was  coded  as  ‘‘suspect’’  or
‘interaction’’  were  included.  Cases  were  split  into  2  periods
efined  as  ‘‘pre-COVID’’,  from  1  January  1985  to  31  Decem-
er  2019,  and  ‘‘COVID’’,  corresponding  to  cases  registered
rom  1  January  2020  to  21  July  2020  and  concerning  patients
reated  for  COVID-19.  These  cases  were  identified  by  the
oded  indication  and  by  reading  the  narrative  of  each  case.

When  possible,  some  ADRs  initially  classified  into
edDRA  system  organ  class  (SOC)  ‘‘general  disorders’’,

‘investigations’’,  ‘‘lesions/intoxications’’  or  ‘‘metabolic
isorders’’  were  reclassified  to  a  more  appropriate  SOC.  This
oncerns  preferred  term  (PT)  clearly  linked  to  on  organ  (e.g.
‘transaminases  increased’’  in  the  SOC  ‘‘investigations’’
eclassified  into  ‘‘hepatobiliary  disorders’’).  These  modified
OC  are  identified  in  this  study  as  ‘‘modified  system  organ
lasses’’  (SOCm).  The  analysis  was  performed  according  to
hese  SOCm.

ata analysis

uantitative  variables  were  presented  as  means  and  stan-
ard  deviations  (SD),  median,  minimum  and  maximum
alues  or  frequencies  with  percentages  (%).  Qualitative
ariables  were  assessed  by  Chi2 or  Fisher  tests,  and  quanti-
ative  variables  by  a  Z-test  of  reduced  deviation.  The  chosen
isk  of  error  was  5%.  A  P-value  of  <  0.05  was  considered  stati-
ally  significant.  All  analyses  were  conducted  using  Microsoft
ffice  Excel® 2010  (Microsoft,  USA)  and  biostaTGV  [9].

esults

aseline characteristics

n  the  pre-COVID  period,  a  total  of  1629  cases  were  included.
OPI/RITO  as  the  only  suspected  drug  in  433  (27%).  Indica-
ion  was  HIV  in  all  cases.  Main  characteristics  are  detailed  in
able  1.  Of  these  cases,  3.5%  involve  exposure  during  preg-
ancy  and  3.8%  were  resulting  from  a  drug-drug  interaction.
hese  1629  cases  were  reported  over  a  19-year  period,  aver-
ging  81  cases  per  year,  with  more  cases  reported  between
001  and  2008,  shortly  after  the  drug  was  marketed,  and  a
lear  decrease  after  2010.

During  the  COVID  period,  a  total  of  192  cases  were
ncluded  over  a  7-month  period.  LOPI/RITO  was  the  only  sus-
ected  drug  in  62  (32%)  cases.  LOPI/RITO  was  used  for  the
reatment  of  COVID  in  all  cases.  There  were  32.3%  of  the
ases  associated  with  an  overdose  (plasma  concentrations

ver  the  usual  therapeutic  range)  and  5.2%  resulting  from
rug-drug  interactions.

The  population  was  mainly  male  (about  2/3  of  patients)
or  both  periods.  However,  there  was  a  significantly  higher
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‘
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roportion  of  males  in  the  pre-COVID  population,  and  the
opulation  was  significantly  older  in  the  COVID  period
P  <  0.05).

Reports  overwhelmingly  originated  from  hospital  health-
are  professionals  in  both  cases  (96%  vs.  98%)  with  a  majority
f  specialist  physicians  reporting  in  the  pre-COVID  period
92%)  and  a  split  between  hospital  pharmacists  (54%)  and
pecialist  physicians  (44%)  in  the  COVID  period.

eriousness and outcome

ompared  to  the  pre-COVID  period,  the  proportion  of  seri-
us  cases  was  significantly  higher  during  the  COVID  period
P  <  0.01),  but  serious  cases  were  mainly  ‘‘hospitalization’’
n  pre-COVID  period  and  ‘‘other  serious’’  in  COVID  period.

The  outcome  of  ADRs  was  favorable  (recovery  or  recovery
n  progress)  in  54%  of  cases  during  the  pre-COVID  period  and
8%  of  cases  during  the  COVID  period.

During  the  pre-COVID  period,  31  deaths  (1.9%  of  cases)
ere  attributed  to  LOPI/RITO  in  association  with  other  sus-
ected  drugs,  except  in  2  cases.  The  fatal  outcomes  were
ound  to  be  of  varying  origins.

During  the  COVID  period,  4  deaths  (2.1%  of  cases)  were
ttributed  to  LOPI/RITO,  although  it  was  not  the  only  sus-
ected  drug  in  these  cases.  Again,  the  fatal  outcomes  were
ound  to  be  of  varying  origins.

ausality of  LOPI/RITO

he  chronological  criterion  was  higher  in  the  COVID  period,
ith  plausible  chronology  (C2)  in  57%  and  suggestive
hronology  (C3)  in  6.3%  of  cases  versus  respectively  37%  and
%  in  pre-COVID  cases.  Doubtful  chronology  (C1)  was  mainly
ound  in  the  pre-COVID  period  (59%  vs.  35%  in  COVID  period).

The  semiological  criterion  was  proportionally  compara-
le  for  the  2  periods  and  was  mostly  doubtful  semiology
S1):  75%  in  the  pre-COVID  period  and  50%  in  the  COVID
eriod.

For  both  periods,  the  most  reported  bibliographic  crite-
ion  was  B3  (expected),  i.e.  the  majority  of  ADRs  were  found
n  the  French  Summary  of  Product  Characteristics  (SPC)  of
OPI/RITO  (KALETRA®)  [3]: 70%  in  the  pre-COVID  period  and
8%  in  the  COVID  period.

omparison of ADR classified by SOCm

OCm  classes  whose  incidence  during  at  least  one  of  the
 periods  was  greater  than  2%  were  compared  statistically
Table  2).

Compared  to  the  pre-COVID  period,  hepatobiliary  disor-
ers  were  significantly  more  frequent  in  the  COVID  period,
ccounting  for  42%  of  the  events  (vs.  6.7%),  as  were  cardiac
nd  renal  disorders.

The  10  most  frequent  PT  in  pre-COVID  period
ere:  ‘‘diarrhea’’  (14.9%),  ‘‘lipodystrophy  acquired’’

5.0%),  ‘‘nausea’’  (2.4%),  ‘‘vomiting’’  (2.9%),
‘hypertriglyceridemia’’  (3.3%),  ‘‘dyslipidemia’’
1.9%),  ‘‘rash’’  (1.8%),  ‘‘abdominal  pain’’  and

‘hypercholesterolemia’’  (1.6%  each),  ‘‘pruritus’’  (1.4%)
nd  ‘‘acute  kidney  injury’’  (1.3%).

The  10  most  frequent  PT  in  COVID  period  were:
‘hepatocellular  injury’’  (17.8%),  ‘‘diarrhea’’  (9.6%),
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Table  1  Baseline  characteristics.

Pre-COVID
(2000—Dec  2019)

COVID
(Jan—July  2020)

Number  of  case  reports  1629  192
Number  of  ADRs  2553  322
Gendera,b

Ratio  men/women  0.71  0.64
Age  (years)a,c

Mean  (±  SD) 42.4  (±  11.3) 63.5  (±  24.2)
Median  42  65
Min—Max 0.022—82 20—92

‘Pregnancy’  reports
n  (%)  56  0

‘Drug  interaction’  reports
n  (%)  62  10

Serious  cases  (%) 571  (35%) 114  (59%)
Seriousness  criteria  (WHO  criteria)

Death  31  (5.4%) 4  (3.5%)
Life-threatening  51  (8.9%)  6  (5.3%)
Incapacity/disability  22  (3.9%)  0
Birth  defect  7  (1.2%)  0
Hospitalization  393  (68.8%)  39  (34.2%)
Other  67  (11.7%)  65  (57%)

ADRs: adverse drug reactions; COVID: coronavirus disease; WHO: World Health Organization.
a Infants of pregnant cases were not included in the gender and age analysis.
b Patient gender unknown for 10 patients of the pre-COVID period.
c Patient age unknown for 18 patients of the pre-COVID period.

Table  2  Comparison  of  frequency  of  events  between  the  2  periods  for  lopinavir/ritonavir  cases  (incidence  >  2%).

SOCm Number  of  ADRs  (%)
pre-COVID

Number  of  ADRs  (%)
COVID

Gastrointestinal  disorders* 661  (25.9%) 49  (15.2%)
Cutaneous  disorders* 357  (14.0%) 2 (0.6%)
Metabolic  disorders* 281  (11.0%) 15 (4.7%)
Hepatobiliary  disorders* 170  (6.7%) 138 (42.9%)
Neurological  disorders*  149  (5.8%)  4  (1.2%)
General  disorders*  144  (5.6%)  8  (2.5%)
Haematological  disorders*  123  (4.8%)  2  (0.6%)
Musculoskeletal  disorders  101  (4.3%)  6  (1.9%)
Renal  disorders*  97  (3.6%)  23  (7.1%)
Cardiac  disorders*  71  (2.8%)  34  (10.6%)
Psychiatric  disorders  53  (2.1%)  2  (0.6%)
Investigations  52  (2.0%)  25  (7.8%)
Lesions*  11  (0.4%)  9  (2.8%)
Others  283  (11%)  5  (1.6%)

ADRs: adverse drug reactions; COVID: coronavirus disease; SOC: system organ class. Data in bold are the 3 most frequent SOCm.
*

‘
a
(
‘
(
(

D

I

P <0.05.

‘drug  level  increased’’/‘‘Antiviral  drug  level  above  ther-
peutic’’  (7.4%),  ‘‘electrocardiogram  QT  prolonged’’
5.6%),  ‘‘acute  kidney  injury’’  (5.3%),  ‘‘cholestasis’’  and

‘hyperbilirubinemia’’  (4.3%  each),  ‘‘hypertriglyceridemia’’
3.7%),  ‘‘hypertransaminemia’’  (3.1%)  and  ‘‘nausea’’
2.5%).

i
T
c

4

rug interactions

n  the  pre-COVID  period,  62  cases  of  drug  interactions  were

dentified.  These  cases  involved  35  different  molecules.
he  most  involved  drug  classes  were  anti-vitamin  K  (11
ases),  inhaled  corticosteroids  (11  cases),  anti-cancer  drugs
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9  cases),  levothroxine  (8  cases),  ergot  derivatives  (5  cases),
nti-epileptics,  antituberculosis  and  antihypertensive  drugs
4  cases  each).  All  cases  were  consecutive  of  a  pharmacoki-
etic  interaction.

In  the  COVID-period,  10  cases  were  identified,  involv-
ng  10  different  molecules.  The  most  involved  drugs  were
mmunosuppressive  in  4  cases  (tacrolimus/everolimus),
torvastatine  in  2  cases,  azithromycine  in  2  cases.  Cases
ere  mainly  consecutive  of  a  pharmacokinetic  interaction
xcept  4  cases  resulting  from  a  pharmacodynamic  interac-
ions.  ADR  in  interacting  cases  were  cardiac  (n  =  7),  increase
n  drug  concentrations  (n  =  3),  renal  failure  (n  =  3),  rhab-
omyolysis  (n  =  2),  digestive  (n  =  2),  neurologic  (n  =  2).

iscussion

ur  study  found  that  the  most  frequently  reported  ADRs
ere  significantly  different  between  pre-COVID  period
nd  COVID-period.  The  most  significant  differences  were
bserved  for  hepatobiliary,  cardiac  and  renal  disorders.
ardiac  and  hepatobiliary  were  also  identified  in  the  COVID-
eriod  for  hydroxychloroquine  [6].

Hepatobiliary  disorders,  which  represented  7%  of  the
isorders  in  the  pre-COVID  period,  increased  to  43%  in
he  COVID  period.  In  COVID-19  cases,  the  pattern  of  liver
amage  was  predominantly  hepatocellular,  with  only  three
evere  cases  associating  hepatic  cytolysis,  hyperbilirubine-
ia  and  decrease  of  prothrombin  time.  The  outcome  of

hese  cases  was  rapidly  favorable  after  withdrawal  of
OPI/RITO.  COVID  itself  may  be  involved  in  liver  injury,
nd  several  case  reports  have  described  severe  liver
unction  abnormalities  or  severe  or  chronic  liver  failure
n  patients  diagnosed  with  COVID-19  [10]. Several  rea-
ons  have  been  proposed  to  explain  the  hepatic  lesions
een  in  patients  with  COVID-19  [11].  This  includes  direct
nfection  of  hepatocytes  and/or  cholangiocytes  with  the
irus,  micro-thrombotic  complications,  immune  dysregula-
ion,  drugs  toxicity,  hypoxia-related  hepatic  ischemia  and
ulti-organ  failure.  All  could  play  a  role  in  the  occurrence

f  liver  toxicity  under  LOPI/RITO.  The  LOPI/RITO  combina-
ion  itself  has  been  found  in  several  studies  to  be  particularly
ssociated  with  hepatic  injury  in  COVID-19,  including  a  dis-
roportionality  analysis  of  US  Food  and  Drug  Administration
harmacovigilance  database  [12,13].

Cardiac  disorders  under  LOPI/RITO  were  also  more  fre-
uent  in  the  COVID  period  (11%  versus  3%),  and  QT
rolongation  was  the  4th  most  reported  ADR.  Cardiac  dis-
rders  under  LOPI/RITO  have  already  been  the  subject
f  publications  by  Fresse  et  al.  (2020),  who  used  the
ame  database  as  us  [14].  Several  possible  reasons  for
he  increased  risk  of  cardiac  toxicity  have  been  suggested
y  Funck-Brentano  et  al.  [15].  First,  the  increased  inci-
ence  could  be  related  to  the  impact  of  SARS-CoV2  on  the
eart.  Indeed,  coronavirus-infected  patients  have  multiple
isk  factors  for  drug-induced  rhythm  disorders:  frequent
ypokalemia,  fever  (which  amplifies  drug-induced  cardiac
hannel  blockade),  and  the  increased  IL-6  concentrations

bserved  in  the  infection,  which  could  be  a  mechanism  of
T  prolongation  associated  with  inflammation.  According  to
uo  et  al.,  about  30%  of  patients  hospitalized  with  COVID-
9  in  a  Chinese  hospital  had  myocardial  injury  associated
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ith  cardiac  dysfunction  and  arrhythmias.  These  myocar-
ial  lesions  were  significantly  associated  with  fatal  outcomes
16].  Also,  many  patients  received  other  QT  prolongation-
nducing  drugs  in  combination  with  LOPI/RITO.  In  our  work,
here  were  several  cases  of  potential  drug  interactions  due
o  the  combined  effects  of  LOPI/RITO  and  azithromycin,
iprofloxacin,  amiodarone,  and  flecainide  in  particular.

Another  significant  difference  between  the  two  periods
as  the  occurrence  of  acute  renal  failure,  which  was  listed
s  the  most  frequent  PT  (5th  ADR)  in  the  COVID  period.
n  July  2020,  the  independent  committee  of  the  Discov-
ry  clinical  trial,  which  thoroughly  analyzed  adverse  events
n  treated  patients,  highlighted  the  significantly  higher  fre-
uency  of  serious  adverse  events  concerning  renal  function
n  both  groups  of  patients  receiving  LOPI/RITO,  particularly
n  patients  hospitalized  in  intensive  care  [17].  It  should  be
oted  that  previous  studies  have  shown  an  increased  risk  of
cute  kidney  injury  in  hospitalized  patients  infected  with
ARS-CoV-2  [18].  A  potential  explanation  for  this  observa-
ion  was  provided  by  Braun  et  al.,  whose  post-mortem  study
ound  that  the  virus  has  a  renal  tropism:  the  RNA  of  the
irus  was  found  in  the  kidneys  of  60%  of  patients  [19].  In  our
tudy,  in  most  of  cases,  other  drugs  were  suspected  espe-
ially  antibiotics.  A  drug  interaction  leading  to  renal  failure
as  found  in  3  cases  (tacrolimus  in  2  and  apixaban  in  1).

The  difference  in  safety  profile  may  also  be  related  to  the
ifference  between  the  populations.  The  patients  receiv-
ng  LOPI/RITO  in  the  pre-COVID  period  were  all  treated  for
IV.  The  population  was  71%  male  with  a  median  age  of
2  years  and  treated  for  HIV.  This  is  in  agreement  with
he  French  National  Authority  for  Health  (Haute  Autorité  de
anté  [HAS])  data  describing  the  characteristics  of  patients
reated  with  LOPI/RITO  in  2009,  where  72.4%  of  patients
ere  male  and  the  median  age  was  39.1  years  [20].  Regard-

ng  the  population  in  the  COVID  period,  the  included  cases
ad  a  median  age  of  65  years  (all  adults),  and  were  pre-
ominantly  male  (64%),  similar  to  the  study  conducted  with
ydroxychloroquine  [6]. COVID  patients  were  significantly
lder  than  in  the  pre-COVID  population  as  described  by
anté  Publique  France  in  May  2020  [21].  The  most  severely
ffected  patients  with  COVID-19  were  over  60  years  of  age,
4%  of  patients  in  intensive  care  were  over  65  years  of  age,
evere  forms  were  exceptional  in  children,  and  more  males
about  70%)  than  females  were  admitted  to  intensive  care.
n  its  weekly  report  of  May  17,  2020,  the  WHO  reported  that
evere  forms  of  the  disease  were  most  common  in  men  over
0  years  of  age  with  chronic  diseases  (hypertension,  heart
ailure,  diabetes)  and  that  60%  of  deaths  occurred  in  men
22].  The  comorbidities  and  risk  factors  for  some  ADRs  are
herefore  different  between  the  patients  of  these  2  periods.
s  shown  by  Lee,  the  incidence  of  ADR  used  in  COVID-
9  management  was  higher  in  patients  with  one  or  more
omorbidities  [23]. Moreover,  taking  into  account  these
omorbidities  and  the  disease  treated,  the  concomitant
rugs  are  also  different  (especially  antibiotics,  cardiovas-
ular  and  immunosuppressive  drugs  in  COVID-19  patients).
e  found  a drug  interaction  in  5.2%  of  cases  in  COVID-19
atients  (versus  3.8%  in  pre-COVID  period).  As  many  antivi-

al  drugs,  the  risk  of  drug  interaction  with  LOPI/RITO  should
e  considered  before  prescribing  [24].

Of  note,  32.3%  of  the  cases  included  in  our  study
ere  associated  with  lopinavir  overdose.  ADR  were  mainly
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epatic  (45%)  and  digestive  (20%)  in  these  cases.  Two  French
tudies  reported  extremely  higher  plasma  concentrations
f  LOPI/RITO  in  COVID-19  patients  than  in  HIV-infected
atients,  of  about  five  times  more  (18,000  ng/mL  ver-
us  5365  ng/mL  with  400  mg/12  h)  [25,26].  Lopinavir  is
etabolized  by  cytochrome  P450  3A4  isoenzyme  and  it

s  well-known  that  infection  and  inflammation  are  asso-
iated  with  down-regulation  of  cytochrome  P450.  Hence,
n  patients  with  COVID  associated  with  a  high  inflamma-
ory  pattern,  this  could  have  led  to  a  reduce  LOPI/RITO
etabolism  resulting  a  very  high  plasma  exposure  in  the
ajority  of  patients.  About  one  over  five  patients  pre-
aturely  withdrew  LOPI/RITO  because  of  moderate  ADRs

hepatic  or  gastrointestinal).  Clinicians  should  only  lower
osage  based  on  clinical  and  biological  safety  criteria  rather
han  only  on  plasma  concentrations.

Our  study  has  some  limitations.  Not  all  adverse  events
re  reported  to  RPVC.  Indeed,  pharmacovigilance  is  not
ntended  to  collect  all  adverse  drug  reactions,  unlike  clin-
cal  trials.  The  rate  of  under-reporting  is  estimated  at  90%
ccording  to  the  study  by  Hazell  et  al.  [27]. But  this  new
ndication  in  the  context  of  the  pandemic  has  probably  lim-
ted  this  bias.  There  is  also  a  notoriety  bias,  which  is  to
ay  that  once  the  risk  is  known  the  rate  of  reporting  may
e  increased.  This  could  be  observed  in  the  COVID  period
onsidering  the  communications  made.

The  strength  of  this  study  is  that  it  compares  data  from
he  same  collection  and  analysis  methodology  over  a  35-
ear  period  [28].  The  cases  are  all  analyzed  and  medically
ssessed  by  pharmacovigilance  experts  before  registration
nto  the  database.

onclusion

ur  study  clearly  highlights  different  adverse  event  pro-
les  for  LOPI/RITO  in  COVID-19  patients.  Hepatobiliary,
ardiac  and  renal  adverse  events  on  LOPI/RITO  were
ore  frequently  reported  during  the  COVID  period  than

n  the  pre-COVID  period,  where  the  most  frequent  events
ere  gastrointestinal,  dermatological  and  metabolic.  These

nconsistencies  may  be  attributed  to  several  aspects,  includ-
ng  the  SARS-CoV-2  infection  itself,  which  affects  not  only
he  respiratory  tract  but  also  other  organs,  the  effect  of
o-medication,  and  the  patients  itself  (age,  comorbidities).

This  study  highlights  the  role  of  the  French  Pharmacovig-
lance  Network  to  identify  a  particular  safety  profile  of  a
rug  used  off  label,  even  for  old  an  experienced  drug  such
s  LOPI/RITO  and  then  have  a  critical  role  to  play  in  warning
ealthcare  professionals  of  these  evolving  safety  profiles.
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