N

N

Drug-induced immune thrombocytopenia: an updated
list of suspected drugs using the World Health
Organization pharmacovigilance database

Ségolene Fuentes

» To cite this version:

Ségolene Fuentes. Drug-induced immune thrombocytopenia: an updated list of suspected drugs using
the World Health Organization pharmacovigilance database. Human health and pathology. 2021.
dumas-03579012

HAL Id: dumas-03579012
https://dumas.ccsd.cnrs.fr/dumas-03579012v1
Submitted on 17 Feb 2022

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://dumas.ccsd.cnrs.fr/dumas-03579012v1
https://hal.archives-ouvertes.fr

UNIVERSITE de CAEN NORMANDIE

UFR SANTE

FACULTE de MEDECINE

Année 2020/2021

THESE POUR L’OBTENTION

DU GRADE DE DOCTEUR EN MEDECINE

Présentée et soutenue publiqguement le 14 octobre 2021
Par

Mme Ségoléne Fuentes

Née le 18 septembre 1992 a Quimper (Finistére)

TITRE DE LA THESE

Purpura thrombopénique immunologique induit par les médicaments : actualisation de la liste
des médicaments suspects a I'aide d’'une base de pharmacovigilance internationale.

Drug-induced immune thrombocytopenia: an updated list of suspected drugs using the World Health Organization
pharmacovigilance database.

Président: Monsieur le Professeur Achille Aouba

Membres : Madame le Docteur Gwenola Maigné
Monsieur le Docteur Stéphane Cheze
Monsieur le Docteur Charles Dolladille
Monsieur le Docteur Samuel Deshayes

Directeur de thése : Dr Samuel Deshayes




NN

UNIVERSITE DE CAEN - NORMANDIE

UFR SANTE - FACULTE DE MEDECINE

Année Universitaire 2020/2021

Doyen

Professeur Emmanuel TOUZE

Assesseurs

Professeur Paul MILLIEZ (pédagogie)
Professeur Guy LAUNQY (recherche) ‘
Professeur Sonia DOLLFUS & Professeur Evelyne EMERY (3°™ cycle)

Directrice administrative
Madame Sarah CHEMTOB

PROFESSEURS DES UNIVERSITES - PRATICIENS HOSPITALIERS

AGOSTINI Denis
AIDE Nicolas
ALEXANDRE Joachim
ALLOUCHE Stéphane
ALVES Arnaud
AOUBA Achille
BABIN Emmanuel
BENATEAU Hervé
BENOIST Guillaume
BERGER Ludovic
BERGOT Emmanuel
BIBEAU Frédéric

Mme BRAZO Perrine

BROUARD Jacques
BUI Thanh-huy Eric
BUSTANY Pierre

Mme CHAPON Frangoise
Mme CLIN-GODARD Bénédicte

DAMAJ Ghandi Laurent
DAO Manh Théng
DEFER Gilles
DELAMILLIEURE Pascal
DENISE Pierre

Mme DOLLFUS Sonia
Mme DOMPMARTIN-BLANCHERE Anne

Biophysique et médecine nucléaire
Biophysique et médecine nucléaire
Pharmacologie clinique

Biochimie et biologie moléculaire
Chirurgie digestive

Médecine interne
Oto-Rhino-Laryngologie

Chirurgie maxillo-faciale et stomatologie
Gynécologie - Obstétrique
Chirurgie vasculaire

Pneumologie

Anatomie et cytologie pathologique
Psychiatrie d’adultes

Pédiatrie

Psychiatrie d’adultes
Pharmacologie

Histologie, Embryologie

Médecine et santé au travail
Hématologie
Hépatologie-Gastro-Entérologie
Neurologie

Psychiatrie d’adultes

Physiologie

Psychiatrie d'adultes

Dermatologie



M. DREYFUS Michel

M. DU CHEYRON Damien
Mme EMERY Evelyne

M. ESMAIL-BEYGUI Farzin
Mme FAUVET Raffaéle

M. FISCHER Marc-Olivier
M. GERARD Jean-Louis
M. GUENOLE Fabian

Mme GUITTET-BAUD Lydia
M. HAMON Martial

Mme HAMON Michéle
HANOUZ Jean-Luc
HITIER Martin

HULET Christophe
ICARD Philippe
JOIN-LAMBERT Olivier
Mme JOLY-LOBBEDEZ Florence
M. JOUBERT Michael

M. LAUNOY Guy

M. LE HELLO Simon

Mme LE MAUFF Brigitte

. LOBBEDEZ Thierry

. LUBRANO Jean

MAHE Marc-André
MANRIQUE Alain
MARCELLI Christian
MARTINAUD Olivier
MAUREL Jean

MILLIEZ Paul

MOREAU Sylvain
MOUTEL Grégoire
NORMAND Hervé
PARIENTI Jean-Jacques
PELAGE Jean-Pierre
Mme PIQUET Marie-Astrid
M. QUINTYN Jean-Claude
Mme RAT Anne-Christine

Gynécologie - Obstétrique

Réanimation médicale

Neurochirurgie

Cardiologie

Gynécologie — Obstétrique
Anesthésiologie et réanimation
Anesthésiologie et réanimation
Pédopsychiatrie

Epidémiologie, économie de la santé et prévention
Cardiologie

Radiologie et imagerie medicale
Anesthésie et réa. médecine péri-opératoire
Anatomie —ORL Chirurgie Cervico-faciale
Chirurgie orthopédique et traumatologique
Chirurgie thoracique et cardio-vasculaire
Bactériologie - Virologie

Cancérologie

Endocrinologie

Epidémiologie, économie de la santé et prévention
Bactériologie-Virologie

Immunologie

Néphrologie

Chirurgie viscérale et digestive
Cancérologie

Biophysique et médecine nucléaire
Rhumatologie

Neurologie

Chirurgie générale

Cardiologie
Anatomie/Oto-Rhino-Laryngologie
Médecine Iégale et droit de la santé
Physiologie

Biostatistiques, info. médicale et tech. de communication
Radiologie et imagerie medicale

Nutrition

Ophtalmologie

Rhumatologie



REPESSE Yohann
REZNIK Yves

ROD Julien

ROUPIE Eric

me THARIAT Juliette
. TILLOU Xavier

. TOUZE Emmanuel
me VABRET Astrid

. VERDON Renaud
me VERNEUIL Laurence
. VIVIEN Denis

Hématologie
Endocrinologie
Chirurgie infantile
Médecine d'urgence
Radiothérapie

Urologie

Neurologie
Bactériologie - Virologie
Maladies infectieuses
Dermatologie

Biologie cellulaire

PROFESSEURS ASSOCIES DES UNIVERSITES A MI-TEMPS

Mme BELLOT Anne

DE LA SAYETTE Vincent
GUILLAUME Cyril

LE BAS Francgois
SABATIER Rémi

PRCE

me LELEU Solveig

PROFESSEURS EMERITES

. DERLON Jean-Michel
. GUILLOIS Bernard

. HABRAND Jean-Louis

. HURAULT de LIGNY Bruno
me KOTTLER Marie-Laure
LE COUTOUR Xavier
LEPORRIER Michel
RAVASSE Philippe
TROUSSARD Xavier
VIADER Fausto

Pédiatrie
Neurologie
Médecine palliative
Médecine Générale

Cardiologie

Anglais

Neurochirurgie

Pédiatrie

Cancérologie option Radiothérapie

Néphrologie

Biochimie et biologie moléculaire

Epidémiologie, économie de la santé et prévention
Hématologie

Chirurgie infantile

Hématologie

Neurologie



UNIVERSITE DE CAEN - NORMANDIE

NN

UFR SANTE - FACULTE DE MEDECINE

Année Universitaire 2020/2021

Doyen )
Professeur Emmanuel TOUZE

Assesseurs
Professeur Paul MILLIEZ (pédagogie)
Professeur Guy LAUNQY (recherche)
Professeur Sonia DOLLFUS & Professeur Evelyne EMERY (3°™ cycle)

Directrice administrative
Madame Sarah CHEMTOB

MAITRES DE CONFERENCES DES UNIVERSITES - PRATICIENS HOSPITALIERS

Mme BENHAIM Annie Biologie cellulaire

M. BESNARD Stéphane Physiologie

Mme BONHOMME Julie Parasitologie et mycologie

M. BOUVIER Nicolas Néphrologie

M. BROSSIER David Pédiatrie

M. COULBAULT Laurent Biochimie et Biologie moléculaire
M. CREVEUIL Christian Biostatistiques, info. médicale et tech. de communication
M. DE BOYSSON Hubert Médecine interne

Mme DINA Julia Bactériologie - Virologie
Mme DUPONT Claire Pédiatrie

M. ETARD Olivier Physiologie

M. GABEREL Thomas Neurochirurgie

M. GRUCHY Nicolas Génétique

M. [ISNARD Christophe Bactériologie Virologie

M. JUSTET Aurélien Pneumologie

Mme KRIEGER Sophie Pharmacie

M. LEGALLOIS Damien Cardiologie

Mme LELONG-BOULOUARD Véronique Pharmacologie fondamentale
Mme LEVALLET Guénaélle Cytologie et Histologie

M. MACREZ Richard Médecine d'urgence

M. MITTRE Hervé Biologie cellulaire

M. MOLIN Arnaud Génétique

M. SAINT-LORANT Guillaume Pharmacie



M. SESBOUE Bruno
M. TOUTIRAIS Olivier
M. VEYSSIERE Alexis

Physiologie
Immunologie

Chirurgie maxillo-faciale et stomatologie

MAITRE DE CONFERENCES DES UNIVERSITES DE MEDECINE GENERALE

M. HUMBERT Xavier

MAITRES DE CONFERENCES ASSOCIES DES UNIVERSITES A MI-TEMPS

MmeABBATE-LERAY Pascale

M. BANSARD Mathieu

M. COUETTE Pierre-André

Mme NOEL DE JAEGHER Sophie
M. PITHON Anni

M. SAINMONT Nicolas
MmeSCHONBRODT Laure

MAITRES DE CONFERENCES EMERITES

MmeDEBRUYNE Daniéle
Mme DERLON-BOREL Annie
Mme LEPORRIER Nathalie

Médecine générale
Médecine générale
Médecine générale
Médecine générale
Médecine générale
Médecine générale
Médecine générale

Pharmacologie fondamentale
Hématologie
Génétique



Remerciements

Au Dr Samuel DESHAYES, mon directeur de thése, un grand merci d’avoir accepté de diriger
ce projet de thése malgré tous tes travaux universitaires en cours qui t'occupent déja bien
assez, je n‘aurais pas pu esperer meilleur encadrement dans le court délai qui nous était
imparti apres I'abandon nécessaire de mon premier projet de thése.

Au Pr Achille AOUBA, merci d’avoir accepté d’étre le président de ce jury de thése, et de
m’avoir encadrée pour un premier projet de thése qui malheureusement n’a pas pu aboutir
comme nous le souhaitions. Merci également a votre ancienne équipe parisienne que j'ai pu
rencontrer lors de mon recueil a I'’hépital Necker, jai été accueillie comme si j'étais de la
famille.

Aux Drs Gwenola MAIGNE et Stéphane CHEZE, merci d’avoir accepté de faire partie de mon
jury et de m’avoir fait découvrir votre discipline de coeur, 'immuno-hématologie, que
j affectionne particulierement en Médecine Interne. C’était un réel plaisir d’avoir travaillé a vos
cotés au cours de mon internat.

Au Dr Charles DOLADILLE, merci d’avoir accepté de juger mon travail, et de votre réactivité
pour I'organisation de ce grand jour ; et a son collégue le Dr Basile CHRETIEN, un grand
merci pour votre aide précieuse quant a la gestion de cette grande « Vigibase » et I'analyse
de ses données.

A mon Papa, merci d’avoir cru en moi plus que je n’ai jamais cru en moi-méme, et de m’avoir
toujours poussée a viser plus loin.

A ma Maman, merci de ton soutien sans faille au cours de ces longues études, et de t'étre si
bien occupée de moi pendant les années de concours.

A mes 3 sceurs, Marie-Caroline, Typhaine et Margaux, et mon beau-frére Louis, merci d’avoir
supporté votre casse-pied de grande soeur durant toutes ces années de labeur !

A Mamick, ma grand-mére qui m’a quittée cette année, merci d’avoir toujours été si fiere de
votre petite fille médecin, jusqu’au dernier jour.

A Bon-Papa et Bonne-Maman, qui m’ont tant chouchoutée depuis ma naissance, merci pour
votre amour sans limite.

A mes milliers de cousins, et particulierement Astrid et Caroline, avec qui jai passé les
meilleurs moments de mon enfance, merci pour tous ces étés mémorables qui m’ont aidée a
endurer ces longues études.

A Charline et Vincent, mes meilleurs amis, ma famille caennaise. Je n’aurais pas survécu a
l'internat sans vous, merci pour votre amitié infinie et votre soutien notamment pendant ces
deux derniéres années de solitude et de surmenage durant la pandémie. Je suis si heureuse
et honorée d’avoir été témoin du mariage des deux plus belles personnes que je connaisse.



A Lina, Elisa, Camille, Charlotte, Isabelle, Juliette, Emeline, Maeva, Antoine, Nagui, Pierre,
Marie, Mélanie, Sarah, et Alistair, bien plus que des copains de fac, j’ai passé les plus belles
années de ma vie a vos cotés. Merci d’avoir ensoleillé ma vie d’étudiante.

A Charles, mon co-interne de cceur, merci de m’avoir supportée pendant nos quatre stages
en commun, le quotidien était bien plus chouette a tes cétés. J'attends avec impatience le
prochain blind test au Chef raide.

A ma petite Eve, ma grande copine caennaise, merci de mettre autant de pétillant dans ma
vie, chacun de nos petits verres en terrasse est une bouffée d’'oxygéne !

A mes premiers amis caennais, Anne-Justine, Benoit K, Julia, Romain, Benoit L et Laure, si
j'aime tant ma vie a Caen c’est parce que je m'y suis trés vite sentie chez moi, et c’est grace
a vous.

A mes co-internes de DES, Antoine, Paul, Sophie, Cédric, Louis, Amandine, Claire et Martin,
j'ai pris tant de plaisir a travailler avec vous et espere sincérement que certains d’entre vous
deviendront de futurs collégues. Je suis ravie, quoi qu’il en soit, de vous compter parmi mes
amis.

A mon groupe de musique, Jonathan, Luca, Arthur et Maxime, merci de m’aider a m’évader
de temps en temps du monde hospitalier et pour tous ces bons moments partagés.

A mes amies de premiére année de Médecine, Agathe, Mathilde et Floriane, merci de m’avoir
soutenue pendant une période difficile de ma vie familiale, et de votre amitié fidele aprés toutes
ces anneées.

Aux autres chefs de Médecine Interne qui m’ont accompagnée durant les premiéres années
d’internat, merci a Monsieur GEFFRAY, qui m’a initiée a la Médecine interne et aux
Printemps ; a Nicolas, qui m’a appris a survivre au CHU ; a Jonathan, aussi passionnant en
Meédecine que dans tant d’autres domaines ; et a Hubert qui a réussi a me faire danser le rock
a Tatihou !

Aux médecins qui ont marqué mon internat au cours des différents stages, Lucie, Victor,
Patrick, Mathieu, Sylvain, Sylvie, Arnaud, Jocelyn, et Aurélie, merci de m’avoir enseigné une
autre Médecine que celle de ma spécialité.

A mon équipe actuelle de Réanimation a Saint Lo, merci pour ce stage formidable autant pour
sa qualité d’enseignement que pour 'ambiance familiale qu’il y régne. Une petite dédicace
particuliere a Maxime, qui a I'art de rendre une garde si chouette, a Cyril, si attentionné méme
pendant mes vacances, et a Dan, sans qui je ne comprendrais pas la moitié des blagues du
service !



Abréviations
ADR Adverse Drug Reaction

CAMMS223 CAMpath-1H in Multiple Sclerosis international trial

CARE-MS | and Il (Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis)
DITP Drug-induced Immune Thrombocytopenia

DTP Diphtheria Tetanus Poliomyelitis (vaccine)

EMA European Medicines Agency

FDA Food and Drug Administration

ICl Immune Checkpoint Inhibitor

ICSR Individual Case Safety Report

ITP Immune Thrombocytopenia

LLT Low Level Term

MedDRA Medical dictionary for Drug Regulatory Activities
MMR Measles Mumps and Rubella (vaccine)

ROR Reporting Odds Ratio

WHO World Health Organisation



Tableaux et figures

Figure 1: Flowchart of the selection of the ICSRs of interest..................ooi. p.5
Figure 2: Age distribution of the individual case safety reports................cooiii, p.7
Table 1: Contingency table for a case/non case analysis............cccooiiiiiiiiiiii i, p. 4
Table 2: Characteristics of the ICSRS........c.oiii i p.6

Table 3: List of 61 drugs associated with ITP with significant disproportional reporting,
classified by decreasing ROR. ... p.8

Supplementary table: List of excluded drugs for potential indication / protopathic biases...p. 10




Sommaire :

(oo 18 o 1 o 1 p.1
Materials and Methods. . ... p.3
RO SUI S .o e p.5
I3 <o U 7] o) o p.7
L7 0] o o7 U1 T o p. 11

BIDIOgrapNY ... p.12



Introduction

Drug-induced thrombocytopenia is a common adverse effect that can be caused by
various mechanisms, including myelotoxicity (chemotherapeutic agents, linezolid),
interference with specific megakaryocyte function (bortezomib), thrombotic microangiopathy
(tacrolimus, quinine or cyclosporine) and immune mechanisms. These immune mechanisms
result from accelerating platelet destruction via drug-dependent platelet antibodies that can
act by increasing platelet clearance (quinine) or inducing platelet activation (heparin) (1-3).

Immune thrombocytopenia (ITP) is mainly peripheral and mediated by autoantibodies.
ITP can be a primary condition or be associated with several other causes and conditions
whose management may have an impact on its treatment. Drug-induced immune
thrombocytopenia (DITP) is caused by drug-dependent platelet antibodies resulting in
increased platelet clearance within the reticuloendothelial system.

In DITP, the platelet count generally decreases from the 5th to the 7th day after the first
exposure to the offending treatment, frequently reaching very low levels (<20,000 platelets /
mm?3) and thus exposing the patient to potential severe bleeding and to possible fatal
outcomes. In most cases, the withdrawal of the incriminated drug leads to a favourable
outcome with rapid improvement as soon as 1 or 2 days, and a definite resolution of the
thrombocytopenia in less than a week (4,5). However, the diagnosis of DITP remains
challenging and difficult because of several reasons: the limited knowledge and evidence in
this rare disease because of the lack of systematic and powerful studies on the field; the
frequent comorbidities of involved patients who are thereby often exposed to several drugs
and several underlying other diseases as possible causes of secondary ITP, leading to
frequent misdiagnoses (4,6,7) or simply a lack of evocation of DITP. Moreover, the withdrawal

of some drugs on a simple rare hypothesis can be highly challenging and deleterious.

The clinical entity of DITP was first described after the exposure to quinine more than a
century ago (5). Since then, multiple DITP observations have been published incriminating
several drugs or drug classes such as platelet inhibitors (abciximab, tirofiban), antibiotics
(vancomycin among others), anticonvulsant agents (carbamazepine), diuretics
(chlorothiazide), or analgesic agents (acetaminophen, diclofenac) (5). Some literature reviews
have suggested a non-official list of suspected drugs, based on dozens of published case
reports (4,8), and various national (9) and international (10) recommendations provide a short
list of drugs incriminated in DITP, based on these not always recent data.



More recently, abnormal pharmacovigilance signals have been reported in studies based
on national or local databases. A French team conducted a survey on DITP, based on 59 case
reports extracted from the French pharmacovigilance database from 2007 to 2010 (11). The
Berlin Case Control Surveillance Study (FAKOS) collected serious toxicities of drugs in 50
hospitals in Berlin for 10 years up to 2009, including DITP (12). However, the pharmacopoeia
has noticeably evolved since then, as well as probably the spectrum of DITP. Indeed, the new
paradigm of biological therapies provide an exponential increase in new drug classes that
directly interfere with molecular, cytokine and immunological pathways, with a potential

increase in autoimmune adverse effects.

We therefore propose to update the list of suspected drugs associated with ITP by
analysing the World Health Organisation (WHO) Vigibase®, an international

pharmacovigilance database.



Materials and Methods

Study design

Our disproportionality analysis was based on the study of abnormal pharmacovigilance
signals among the more than 20,000,000 Individual Case Safety Reports (ICSRs) notified by
more than 130 countries in the WHO pharmacovigilance database, managed by the Uppsala
Monitoring Centre in Sweden since 1967.

The registration of a record can be performed by different health actors: physicians,
pharmacists, other health professionals, and patients. Each report included medical
information (drugs taken with dosage, start and end dates and indication; adverse drug
reactions (ADRs) types, seriousness and outcomes), patient characteristics (sex, age), and
administrative data (country of origin, reporter qualification, date of reporting...). For all drugs,
suspect/interacting or concomitant nature was specified (13).

A serious ADR was defined as an adverse effect that caused death, was life-threatening,
required or prolonged hospitalisation, led to persistent or significant disability, congenital
anomaly, birth defect or any other medically important condition.

For this observational retrospective study, we could not use a Preferred Term from the
Medical Dictionary for Drug Regulatory Activities (MedDRA) terms (version 23.1) to collect all
ADRs of interest, because none was specific enough. Therefore, we collected all ADRs
registered in Vigibase® from 2006, date of the introduction of the following terms, to February
2021, with one of the following Low Level Term (LLT) according to the MedDRA: Immune
thrombocytopenic purpura, Immune-mediated thrombocytopenic purpura, Persistent immune
thrombocytopenic purpura, Primary immune thrombocytopenic purpura, Refractory immune

thrombocytopenic purpura, Secondary immune thrombocytopenic purpura.

The selected drugs were those qualified as “suspect” or “interacting”. Among the drugs
associated with a significant signal, we excluded the following at risk of indication or
protopathic biases, considering their recognized use as first or second-line therapies in the
management of |ITP (10): Eltrombopag, Romiplostim, Rituximab, Prednisone,
Dexamethasone, Vincristine, Cyclophosphamide.

According to the European Medicines Agency (EMA) recommendations about the
screening for adverse reactions (14), a signal of disproportionate reporting was considered

3



only when there were at least 5 ICSRs with the same drug. Therefore, we excluded all drugs
associated with 4 or less notifications.

The study was approved by the local ethics committee of Caen University Hospital
(Comité Local d’Ethique de la Recherche en Santé, n°2224).

Statistical analysis

We performed a frequentist approach for the measure of disproportionality with the
calculation of the Reporting Odds Ratio (ROR), which is based on a case/non case analysis
for each drug of interest (15).

For the calculation, we used a contingency table describing the number of ADRs of
interest or the number of all other ADRs reported since 2006, according to the studied drug,
and according to all other drugs in the database (Table 1).

ADRs ADR of interest Other ADRs

Exposure “‘Cases” “‘Non-cases”
Drug of interest a b
Other drugs c d

Table 1: Contingency table for a case/non case analysis. ADR: Adverse drug reaction.

A signal was defined by the demonstration of a difference of statistical distribution
between cases and non-cases, called a disproportionality. To evaluate disproportionality, we
used a ROR, confronting the reporting odd of the group exposed to the drug of interest, and
the reporting odd of the group exposed to other drugs, which is calculated by the following
formula:

ROR = (a/b) / (c/d)

A ROR was considered as statistically significant if the lower limit of its 95% confidence
interval (C195%) was strictly superior to 1, calculated by the following formula:
ROR CI95% = ROR * e+1,96 N(1/a+1/b+1/c+1/d)

Descriptive data were presented as median [25"-75" percentiles] or number

(percentage).



For the calculation of the median delay between the introduction of the suspected drug
and the occurrence of ITP, we considered only the ICSRs containing complete dates (year,

month, and day of the month). By doing so, the data loss was estimated inferior to 5%.



Results

A total of 1932 ICSRs of potential DITP were retrieved between 2006 and February 2021
using Vigibase®. Among them, 1245 ICSRs incriminating at least one drug with significant
signal (ROR CI95% > 1, > 4 ICSRs), accounting for a total of 61 drugs, were included after

exclusion of drugs with potential indication or protopathic biases (Figure 1).

20,822,476 ICSRs in the full
WHO pharmacovigilance database Vigibase®
from 2006 to February 2021

20,820,544 ICSRs did not involve DITP

A4

A

1932 DITP ICSRs
469 « suspect » or « interacting » drugs

687 ICSRs excluded:

- 401 drugs with C195%(-)ROR <1 or

> accounting for < 4 ICSRs.

- 7 drugs at risk of potential indication or
protopathic biases

A

1245 DITP ICSRs
61 drugs with C195%(-)ROR > 1 and > 4 ICSRs

Figure 1: Flowchart of the selection of the ICSRs of interest
ICSR: Individual Case Safety Report; WHO: World Health Organisation; DITP: Drug-induced Immune Thrombocytopenia;
CI195%(-)ROR: inferior limit of the 95% confidence interval

These 1245 ICSRs, of which for all data were available, have been notified in 29 different
countries, mostly United States of America (n=912, 73%), and in Europe (n=222, 18%). The
report was ensured by physicians or other health professionals in most cases (n=402, 50%
and n=208, 26% respectively) (Table 2).

DITP occurred in 572 (51%) women (data available for 1130 ICSRs, 91%); the median
age at onset was 32 [1.6 — 58] years, including 43% of children (data available for 893 ICSRs,

72%) (Table 2). The age distribution was marked by 2 peaks of incidence, notably at the first
6



years of age and between 10 and 14 years whatever the gender. The distribution of the number
of cases was relatively homogeneous between 40 and 70 years, followed by a slight decrease

in the oldest (Figure 2).

| n | %
Gender (n = 1130)
Women 572 51
Men 558 49
Age (n = 893)
Median age 32 years [1.58 - 58]
Adults 512 57
Children 381 43
Country of primary source (n = 1245)
USA 912 73.3
Europe, including: 222 17.8
France 57 4.6
UKGBNI 32 2.6
Spain 32 2.6
Germany 27 2.2
Italy 21 1.7
Netherlands 8 0.6
Belgium 7 0.6
Switzerland 5 0.4
Portugal 5 0.4
Greece 5 0.4
Norway 4 0.3
Ireland 4 0.3
Hungary 3 0.2
Denmark 3 0.2
Austria 3 0.2
Slovenia 2 0.2
Czech Republic 2 0.2
Sweden 1 0.1
Finland 1 0.1
Japan 61 4.9
Australia 29 23
Canada 10 0.8
Turkey 4 0.3
Indonesia 2 0.2
India 2 0.2
Philippines 1 0.1
Mexico 1 0.1
Malaysia 1 0.1
Reporter qualification (n=805)
Physician 364 45
Other health professional 205 26
Consumer/Non health professional 163 20
Pharmacist 31 4
Others 42 5
Serious adverse drug reactions (n=1231)
Yes 1123 91
No 108 9
Fatal outcomes 40 100

Table 2: Characteristics of the ICSRs (n=1245)
UKGBNI: United Kingdom of Great Britain and Northern Ireland
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Figure 2: Age distribution of the individual case safety reports

The 61 suspected drugs included 1787 notifications, accounting for the 1245 ICSRs of
interest (several suspected drugs could be reported in the same ICSR). Alemtuzumab was the
most frequently reported drug, and with the strongest signal (n=239, 19% of ICSRs, and 12%
of all notifications; ROR=161.5 [CI95%: 140.9-185.1]). The second and third highest
disproportionate reporting were the human rabies immunoglobulin, with 8 cases, and
guanfacine, with 10 cases (ROR=83.4 [CI95%: 41.5-167.5] and ROR=39.4 [CI95%: 21.1-
73.3], respectively) (Table 3).



Seven of the 10 strongest signals (ROR > 10) involved vaccines, including Haemophilus
influenzae B vaccine (n=68, 4%), rabies vaccine, (n=14, 1%), hepatitis B and A vaccines
(n=76, 4% and n=43, 2%, respectively) and combined measles, mumps and rubella (MMR)
vaccine (n=114, 6%). The median age for all vaccine-related ITP was 12 [3-14] years.

The most represented pharmaceutical classes were, in decreasing order: vaccines
(n=954/1985, 48%); multiple sclerosis immunomodulatory agents including alemtuzumab,
fingolimod, teriflunomide (n=276/1985, 14%); and anticancer drugs (n=243/1985, 12%),
including checkpoint inhibitors (n=88/1985, 4%) (Table 3).

ITP was considered as a serious ADR in 1123 ICSRs (91%, data available for 1231
ICSRs, 99%), and at the time of reporting, fatal outcomes were registered in 40 ICSRs (Table
2).

The median time to onset between the introduction of the suspected drug and the
occurrence of ITP was 12 days [10.5-33.5] (data available for 488 ICSRs, 39%; or 823
notifications, 46%) (Table 3).

MD between the introduction of the
"SUSPECT"/ "INTERACTING" n ITP/drug ROR | c195%- | clos%+ drug and the occurrence of ITP
drug Data available for n
MD (days) .
patients
Alemtuzumab 239 161.5 | 140.9 185.1 352 33 (14%)
Immunoglobulin human anti-rabies 8 83.4 41.5 167.5 / /
Guanfacine 10 39.4 211 73.3 / /
Measles and rubella vaccine 10 22.7 12.2 42.3 16 9 (90%)
HIB vaccine 68 16.8 13.2 214 8 55 (81%)
Measles, mumps, rubella and 39 16.1 11.7 22.2 21 32 (82%)
varicella zoster vaccine
Rabies vaccine 14 16.1 9.5 27.2 0 1(7%)
Hepatitis b vaccine 76 15.0 11.9 18.8 12 57 (75%)
Hepatitis a vaccine 43 11.3 8.4 15.3 16.5 36 (84%)
Measles, mumps and rubella 114 10.9 9.0 13.2 19 93 (82%)
vaccine
Nivolumab 47 10.5 7.8 14.0 89.5 6 (13%)
Fludarabine 11 10.1 5.6 18.3 9 1(9%)
Busulfan 5 10.1 4.2 24.3 / /
Temozolomide 13 9.7 5.6 16.8 / /
Rotavirus vaccine 54 9.5 7.3 12.5 10 44 (81%)
Pembrolizumab 24 9.4 6.3 141 213 5(21%)
Meningococcal vaccine 73 8.6 6.8 10.8 9.5 54 (74%)
Ipilimumab 17 8.5 5.3 13.7 23 1(6%)
Typhoid vaccine 9 8.3 4.3 15.9 12 5 (56%)
Folinic acid 15 8.1 4.9 13.5 / /
Pneumococcal vaccine 136 7.4 6.2 8.8 9.5 108 (79%)
Ibrutinib 27 7.1 4.9 10.4 / /
Irinotecan 23 6.9 4.6 10.4 / /
Losartan 13 6.7 3.9 11.6 37 1(8%)
Venetoclax 8 6.2 3.1 12.3 130 1(13%)
Doxycycline 15 6.0 3.6 10.0 20.5 2 (13%)
Melphalan 5 5.9 25 14.2 357 1(20%)




Diphtheria, pertussis, polio, and 26 5.9 4.0 8.7 13 19 (73%)
tetanus vaccine
Polio vaccine 38 5.9 4.3 8.1 7 33 (87%)
HPV vaccine 58 5.8 4.4 7.5 14 47 (81%)
Filgrastim 6 4.8 2.2 10.7 / /
Eculizumab 18 4.7 2.9 7.5 / /
Tacrolimus 24 4.4 29 6.5 42 3 (13%)
Oxaliplatin 35 4.3 3.0 5.9 2 1(3%)
Diphtheria, hepatitis b, HIB, 18 4.2 2.6 6.7 11 16 (89%)
pertussis, polio andtetanus vaccine
Vancomycin 22 4.2 2.8 6.4 / /
Cefalexin 7 4.2 2.0 8.7 / /
Ifosfamide 5 4.0 1.7 9.7 / /
Ondansetron 6 3.9 1.7 8.6 / /
Fingolimod 30 3.7 2.6 54 983 2 (7%)
Aciclovir 6 3.7 1.7 8.3 / /
Sofosbuvir 7 3.7 1.8 7.8 / /
Yellow fever vaccine 8 3.6 1.8 7.2 14 3 (38%)
Diphtheria, pertussis and tetanus 47 3.5 26 4.7 10 41 (87%)
vaccine
Influenza vaccine 70 3.4 26 4.3 11 52 (74%)
Bisoprolol 6 3.3 1.5 7.3 33 1(17%)
Sulfamethoxazole; Trimethoprim 22 3.1 21 4.8 11.5 6 (27%)
Peginterferon alfa-2b 5 3.0 1.3 7.3 / /
Varicella zoster vaccine 45 3.0 2.2 4.0 14 39 (87%)
Clopidogrel 17 3.0 1.8 4.8 21 1(6%)
Ticagrelor 6 29 1.3 6.4 19.5 2 (33%)
Diphtheria, HIB, pertussis, polio 8 2.8 1.4 5.7 5.5 6 (75%)
and tetanus vaccine
Sunitinib 9 2.8 1.4 53 55 2 (22%)
Ethinylestradiol;Etonogestrel 6 2.7 1.2 6.0 / /
Peginterferon alfa-2a 12 2.7 1.5 4.7 / /
Rivaroxaban 33 2.5 1.8 3.5 34 1(3%)
Vedolizumab 5 24 1.0 5.8 / /
Ribavirin 19 24 1.5 3.7 / /
Teriflunomide 7 2.2 1.1 4.7 / /
Doxorubicin 14 2.0 1.2 3.4 / /
Acetylsalicylic acid 26 1.8 1.2 2.7 20 3 (12%)
Total 1787 notifications 12 823 notifications (46%)
1245 ICSRs [10.5-33.5] 488 ICSRs (39%)

Table 3: List of 61 drugs associated with ITP with significant disproportional reporting,

classified by decreasing ROR

ITP: immune thrombocytopenia; ROR: reporting odds ratio; CI95%-: inferior limit of the 95% confidence interval;, CI95%+:
superior limit of the 95% confidence interval; HPV: human papillomavirus; HIB: Haemophilus influenzae B type; ICSR:
Individual Case Safety Report; MD: Median delay

For exploratory purposes, we calculated in a separate table (supplementary Table) the
RORs of the excluded drugs because of potential indication or protopathic biases. Rituximab,
dexamethasone, vincristine, and cyclophosphamide had a significant signal, all indications
combined, that remained significant even after excluding cases for which the indication for the
drug of interest was ITP or was unknown (ROR=3.7 [CI95% 2.6-5.3], ROR=1.9 [CI95% 1.1-
3.3], ROR =2.6 [CI95% 1.3-4.9], ROR=1.9 [CI95% 1.2-3.1], respectively).
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"SUSPECT"/ "INTERACTING" drug n ITP/drug ROR Cl195%- CI95%+

Eltrombopag

X any indication combined 62 50.4 39.1 64.9

x after exclusion of ITP and unknown indications 2 1.6 04 6.3
Romiplostim

X any indication combined 23 24.6 16.3 37.2

x after exclusion of ITP and unknown indications 1 1.1 0.2 7.5
Rituximab

X any indication combined 50 6.2 4.7 8.2

x after exclusion of ITP and unknown indications 30 3.7 2.6 5.3
Prednisone

X any indication combined 16 2.8 1.7 4.6

x after exclusion of ITP and unknown indications 3 0.5 0.2 1.6
Dexamethasone

X any indication combined 19 2.8 1.8 4.4

x after exclusion of ITP and unknown indications 13 1.9 1.1 3.3
Vincristine

X any indication combined 9 26 1.3 4.9

x after exclusion of ITP and unknown indications 9 2.6 1.3 4.9
Cyclophosphamide

X any indication combined 19 21 1.3 3.2

x after exclusion of ITP and unknown indications 18 1.9 1.2 3.1

Supplementary table: List of excluded drugs for potential indication or protopathic

biases
ITP: immune thrombocytopenia; ROR: reporting odds ratio; CI95%-: inferior limit of the 95% confidence interval;, CI95%+:
superior limit of the 95% confidence interval

11



Discussion

With this pharmacoepidemiological study, we aimed to establish, as far as we know, the
first list of potential drugs associated with ITP using a worldwide pharmacovigilance database.
We found herein some new suspect therapeutics such as guanfacine, eculizumab, or
doxycycline, and we confirmed and first quantified the signal strength of previous incriminated
drugs in DITP, including vaccines, some antibiotics, irinotecan and mostly alemtuzumab that
exhibited the greatest risk. Moreover, using this large database, our study first reported
different demographic characteristics in DITP than in ITP for gender and age distribution.

The epidemiology of DITP was different from that of primary ITP. Indeed, Kholi et al. (16)
described, based on several large epidemiological studies, a slightly higher rate of primary ITP
in women, with a sex-ratio of 0.8 instead of 1 in our study. In addition, the authors described
a bimodal distribution among males, with incidence rates highest among boys under 18 years
old and men from 75 to 85 years; on the other hand, incidence rates were relatively stable in
women from childhood to 60 years and increased thereafter. On the contrary, in our study, the
distribution exhibited 2 peaks of incidence during the childhood in both sexes. This younger
distribution in DITP should be related to vaccine-related ADRs.

Comparing our results to the DITP literature, we found profound changes in the list of
incriminated drugs (1,2,8,17,18).

First, alemtuzumab, showed the strongest signal for DITP in our study, in contrary to the
old literature reviews (1,8,17,18) that did not mention this drug. This biological therapy, an anti-
CD52 monoclonal antibody that targets T, B and other immunological cells, received the
marketing authorisation by the Food and Drug Administration (FDA) in 2001 (20), and by the
EMA in 2013 (21) for the treatment of multiple sclerosis. More recently in 2020, the work by

Cuker et al., which gathered the data from several randomized studies with alemtuzumab,
including CAMMS223 (Campath®—1H in multiple sclerosis international trial) and CARE-MS |

and Il (Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis) trials, reported
alemtuzumab as a serious candidate for DITP. After a median follow-up of 6.1 years, 33 of
1485 alemtuzumab-treated patients (2.2%) developed ITP (22).

Second, unlike previous studies (8,18) that mainly focused on adults, and therefore did
not find vaccines as a risk for DITP, our pharmacovigilance study that also includes paediatric
patients clearly incriminated this pharmacological class. Indeed, the most reported drug class
were vaccines that were responsible for 7 of the 10 strongest signals (ROR > 10), including
Haemophilus influenzae B vaccine, hepatitis B and A vaccines and MMR vaccine. Moreover,
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in a French pharmacoepidemiological study published in 2012 (11), 45% of the drugs involved
in potential DITP were also vaccines; the median age at diagnosis was 16 years, which is
closed to ours of 12 [3-14] years. Another literature review that focused on vaccine-related ITP
case reports found similar findings to ours regarding main incriminated vaccines (19).

Third, to our knowledge, it was the first time that guanfacine was mentioned as being
potentially responsible of DITP, although only 10 cases were retrieved in our study.
Guanfacine is an adrenergic alpha-agonist that recently received a marketing authorization
(FDA 2009 (23), EMA 2015 (24)) for the treatment of attention deficit or hyperactivity disorders.
This new indication probably explains the rebound of ADR notifications for this old drug
previously used in the treatment of arterial hypertension.

Antibiotics were surprisingly poorly represented in our analysis, although highly
mentioned in previous studies on DITP (2,11,12). Like most of them, we found a significant
overreporting for vancomycin and sulfamethoxazole-trimethoprim. Doxycycline had the
strongest signal among antibiotics. However, these results should be interpreted with caution,
considering the frequent associations of antibiotics with other suspected drugs such as rabies
prophylaxis, or the potential protopathic bias related to their indications.

In the same way, several drugs highly mentioned in the literature (1,2,8,17,18) were not
significantly associated with DITP in our analysis, such as quinine, platelet inhibitors
(abciximab, tirofiban), anticonvulsant agents (carbamazepine, phenytoin, valproic acid),
diuretics (chlorothiazide) or some antibiotics (rifampicin). Some of them, like quinine,
abciximab, tirofiban, phenytoin, and chlorothiazide, are less and less used nowadays because
they are substituted by novel therapeutics since about fifteen years, whereas our analysis only
included ICSRs since 2006. On the other hand, some of these substitute drugs were
significantly associated with DITP in our study, such as losartan, bisoprolol, clopidogrel,
ticagrelor, which justifies this update.

In order to prevent the indication or protopathic biases, we excluded from the main
analysis drugs used to treat ITP as first- or second-line agents according to the international
consensus report of management of ITP (10). However, as several cases of ITP induced by
these drugs have previously been reported (25-35), we calculated for exploratory purposes
the pharmacovigilance signals associated with these drugs. The ROR remained significant
after exclusion of ITP and unknown indications for rituximab, strengthening the previously
described associations (25-33). The same trends for significant ROR were also observed for
dexamethasone, vincristine, and cyclophosphamide, but these associations were more poorly
supported by the literature (34,35). On the contrary, methylprednisolone has been reported
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several times as being responsible for DITP (36,37), but this association was not significant in

our analysis.

Some hypotheses have been formulated to explain the pathophysiology of DITP.
Molecular mimicry seems to be the classic mechanism responsible for vaccine-induced ITP,
through infective components of the vaccine or other constituents such as adjuvants (19). For
example, the culprit protein of molecular mimicry in influenza vaccine is probably the
hemagglutinin, which is a major surface glycoprotein of the influenza virus used for binding to
cells of interest. This molecule is highly targeted by neutralizing antibodies, including those
induced by influenza vaccines; and it has been demonstrated that hemagglutinin also binds to
platelets, triggering potential complement activation and platelet destruction through anti-
hemagglutinin antibodies (19).

The mechanisms inducing ITP following vancomycin or trimethoprim/sulfamethoxazole
treatment have been evocated a long time ago (38). The model of “drug-dependent” antibodies
refers to antibodies that have low affinity for platelet glycoproteins; however, the binding of
these antibodies to platelets strengthens in presence of the drug, inducing platelet destruction
in the reticuloendothelial system only in presence of the drug (39). The main glycoprotein
targeted by vancomycin and trimethoprim/sulfamethoxazole is glycoprotein Ilb/llla (39).

There are a lot of recent publications regarding the new drugs of immune checkpoint
inhibitors (ICl) class. Several related adverse effects have been reported, including
haematological adverse effects that represent 3.6% of adverse effects with these drugs,
including DITP that appears as the most frequent (40). The pathophysiology of this adverse
reaction is directly related to the mode of operation of this drug class. As a reminder, ICls are
mainly used to fight tumour cells by disrupting the immunoinhibitory signals mediated by
programmed cell death protein-1 or ligand-1, and/or cytotoxic T-lymphocyte-associated
protein 4; the inhibition of the blocking signals offered by these proteins consequently releases
the power of the immune system (41). Therefore, immune ADRs are expected, and the need
for discontinuation of the ICl depends on the benefit-risk balance between the severity of the
ADR and the expected benefit for the targeted disease. In addition to the involvement of the
cellular immunity, some cases of DITP related to ICIs have been associated with anti-platelet
autoantibodies (40), which implies the participation of humoral mechanisms.

Of note, the clinical presentation and probably the pathophysiology of alemtuzumab-
induced ITP differ from that of other DITPs. Indeed, while with other drugs DITP classically
appears within a few days following the exposure to the drug of interest, with alemtuzumab
the related DITP rather emerge several months following the initiation of the drug. This DITP
appears to be highly responsive to conventional therapies, and rarely evolves through a
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chronic form (42,43). The timeline for the onset evokes a mechanism not directly related to the
drug, but maybe to the consequence of its action, namely a dysregulation of the lymphocyte
repopulation after drastic alteration of circulating lymphocyte pool. It could be, as suggested
in Cuker et al. (42), a consequence of defects in central tolerance checkpoints during
lymphocyte reconstitution.

Our study had several limitations, including the biases associated with a case - non case
study related to spontaneous notifications (under-notification, selective declaration, Weber
effect, risk of duplication), missing data (information bias), and accountability (confounding
factors, protopathic bias) (13,15). We tried to prevent the indication and protopathic biases by
excluding all drugs used as first or second-line therapies in primary ITP from the analysis. It is
also important to remember that pharmacoepidemiological studies based on large databases
such as Vigibase are meant, not to assess causality, but to detect significant signals to guide
studies of higher level of evidence with rechallenge or laboratory data (e.g. detection of drug-
dependent platelet antibodies) as in the Reese et al. study (8). Moreover, for several suspect
drugs mentioned for the first time in our study, the strength of the related signal is hard to
assess because of all other possible associated mechanisms that can be involved in drug-
induced thrombocytopenia, including myelotoxicity; because of other drugs that are frequently
associated with the drug of interest; or because of underlying diseases, including autoimmune
disorders, that may be responsible for secondary ITP and may be treated by the suspected
drugs.
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Conclusion

To conclude, this large pharmacovigilance database updated the list of drugs potentially
responsible for DITP, focusing on therapeutics used these last 15 years. In addition to
corroborate old signals for DITP mentioned in previous literature, this study also retrieved new
suspect associations with more recently engineered or repositioned drugs, like alemtuzumab
and guanfacine, respectively. If the time between the introduction of the incriminated drug and
DITP occurrence is approximately 2 weeks, some DITP may be observed after more than a
year, especially for alemtuzumab and checkpoint inhibitors, suggesting a different
pathophysiology for these latter classes. Prospective large observational and experimental
studies are required to strengthen the associations for the highest pharmaco-epidemiological

signals.
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TITRE DE LA THESE : Purpura thrombopénique immunologique induit par les médicaments : actualisation de la
liste des médicaments suspects a I'aide d’'une base de pharmacovigilance internationale.

RESUME DE LA THESE EN FRANGCAIS :

Contexte : Une thrombopénie est un effet indésirable (El) médicamenteux fréquent pouvant notamment étre
secondaire au développement d’un purpura thrombopénique immunologique induit par les médicaments (PTIM)
dont le pronostic est généralement favorable & I'arrét du médicament incriminé. Etant donné I'évolution de la
pharmacopée, nous proposons d’actualiser la liste des médicaments associés aux PTIM en analysant la base
de données de pharmacovigilance de I'organisation mondiale de la santé : Vigibase®.

Méthodes : Nous avons collecté tous les rapports de sécurité individuels (RSI) suspectant un PTIM dans
Vigibase®. Une analyse cas-non cas a été réalisée pour chaque médicament « suspect » ou « interacting ». Un
signalement disproportionné était mis en évidence par le calcul du « reporting odds ratio » (ROR). Un signal était
considéré significatif s’il concernait au moins 5 RSI et si la limite inférieure de I'intervalle de confiance a 95% du
ROR était strictement supérieure a 1.

Résultats : Au total, 61 médicaments suspects avaient un signal significatif représentant 1245 RSI (572 femmes
(51%), age médian au diagnostic : 32 ans [1,6-58]). Le délai médian entre I'introduction du médicament et le
diagnostic de PTIM était de 12 jours [10,5-33,5]. Le médicament le plus rapporté et avec le signal le plus fort
était 'alemtuzumab (ROR=161,5), et la classe pharmaceutique la plus représentée était les vaccins, comprenant
7 des 10 signaux les plus forts. Le PTIM était considéré comme un El grave dans 1123 RSI (91%).
Conclusion : Cette étude renforce de précédents signaux décrits et a identifi€ de nouveaux médicaments
suspects, en lien avec I'évolution constante de la pharmacopée.

MOTS CLES : Purpura thrombopénique immunologique ; pharmacovigilance ; Vigibase® ; iatrogénie ; étude cas-
non cas ; ROR.

TITRE DE LA THESE EN ANGLAIS : Drug-induced immune thrombocytopenia: an updated list of
suspected drugs using the World Health Organization pharmacovigilance database.

RESUME DE LA THESE EN ANGLAIS :

Context. Thrombocytopenia is a common drug adverse effect that can be caused by various mechanisms,
including drug-induced immune thrombocytopenia (DITP), whose prognosis is generally favourable when the
suspected drug is withdrawn. As the pharmacopoeia has noticeably evolved, we propose to update the list of
suspected drugs associated with DITP by analysing the World Health Organisation pharmacovigilance database:
Vigibase®.

Methods: We collected all individual case safety reports (ICSRs) of suspected DITP registered in the Vigibase®.
A case-non case analysis was performed for each “suspect” or “interacting” drug, and disproportionate reporting
was assessed by calculating the reporting odds ratio (ROR). A signal was considered significant if it concerned
at least 5 ICSRs, and if the inferior limit of the 95% confidence interval of the ROR was strictly superior to 1.
Results: A total of 1245 ICSRs of DITP were selected, accounting for 61 suspect drugs with a significant signal.
DITP occurred in 572 (51%) women and the median age at onset was 32 years [1.6 — 58] with 43% of children.
The median time to onset between the introduction of the suspected drug and the occurrence of ITP was 12 days
[10.5-33.5]. The most frequently reported drug and with the strongest signal was alemtuzumab (ROR=161.5),
and the most represented pharmaceutical class was vaccines, accounting for 7 of the 10 strongest signals. DITP
was considered as a serious adverse drug reaction in 1123 ICSRs (91%).

Conclusion: This study strengthens some previous signals and found some new suspect drugs that are
consistent with the evolution of the pharmacopeia.

KEY WORDS: immune thrombocytopenia; drug-induced immune thrombocytopenia; pharmacovigilance;
Vigibase®; case-non case analysis; ROR.



