ARTICLE - Platelet Biology & its Disorders

Ethnicity affects relapse-free survival in immune-

mediated thrombotic thrombocytopenic purpura

Julia Weisinger, Florian Blanchard,?® Benoit Suzon,* Christophe Deligny,* Jehane Fadlallah,® Frangois Provot,®
Pascale Poullin,” Manon Marie,® David Ribes,® Gabriel Choukroun,® Yahsou Delmas," Elie Azoulay,? Ygal Benhamou,?®
Maximilien Grall,* Jean-Michel Halimi,®* Moglie Le Quintrec,® Aude Servais,” Thomas Papo,® Camille Lepart,”® Claire
Cartery,® Valérie Chatelet,” Jean-Francois Augusto,?? Simon Ville,® Pierre Perez,?* Loic Lievre,® Mathieu
Legendre,” Anne Rumpler,?” Alexandre Hertig,?® Virginie Rieu,?® Arnaud Jaccard,*® Patricia Zunic,® Laurent Gilardin,*
Nihal Martis,*® Sara Rovira Puig,** Rutuja Gupte,®* Maria del Mar Tolos Garcia,*® Margot Dierickx,*” Daniela Greco,®
Timon Albrecht,*® Andreea-Adela Icleanu,* Raida Bouzid,'*' Bérangere Joly,"'%2 Agnés Veyradier,"*"*2 Adrien Picod"*#

and Paul Coppo™* on behalf of the CNR-MAT

'Centre de Référence des Microangiopathies Thrombotiques, Service d’Hématologie, Hopital Saint Antoine, APHP
and Sorbonne Université (AP-HP.6), Paris, France; ?Sorbonne Université, GRC 29, Groupe de Recherche Clinique en
Anesthésie Réanimation Médecine Périopératoire, ARPE, Paris, France;*Hbépital La Pitié Salpétriere, APHP DMU
DREAM, Department of Anesthesiology and Critical Care, Paris, France; *Department of Internal Medicine,
Martinique University Hospital, Fort-de-France, Martinique, France;*Service d’Immunologie Clinique, Hopital Saint-
Louis, APHP, Paris, France; ®Service de Néphrologie, Hopital Albert Calmette, Lille, France; "Service d’Hémaphérese,
Hopital de La Conception, CHU de Marseille, Marseille, France; éService de Médecine Interne, Hopital Edouard
Herriot, Hospices Civils de Lyon, Lyon, France; °Department of Nephrology and Organ Transplantation, Referral
Center for Rare Kidney Diseases, University Hospital of Toulouse, INSERM U1297, Toulouse, France; °Service de
Néphrologie Médecine Interne Dialyse Transplantation, CHU Amiens Picardie et Laboratoire MP3CV, UPJV, Amiens,
France; "Service de Néphrologie, CHU Bordeaux, Bordeaux, France;?Médecine Intensive Réanimation, Hopital
Saint Louis, APHP, Paris, France; ®*Service de Médecine Interne, CHU Charles Nicolle, Rouen, France; “Department
of Internal Medicine, CHU Rouen, Rouen, France; *Service de Néphrologie-Hypertension, Dialyses, Transplantation
Rénale, CHRU Tours, Tours, France; ®Centre Hospitalier Universitaire de Lapeyronie, Département de Néphrologie
Dialyse et Transplantation Rénale, Montpellier, France; "Service de Néphrologie et Transplantation, Hopital Necker,
APHP, Paris, France; ®Service de Médecine Interne, Hopital Bichat, APHP, Paris, France; ®Service de Médecine
Interne et Immunologie Clinique, CHU de Rennes, Rennes, France; ?°Service de Néphrologie, CH de Valenciennes,
Valenciennes, France; *’Department of Adult Nephrology, CHU de Caen, Caen, France; ?*Service de Néphrologie-
Dialyse-Transplantation, CHU d’Angers, Angers, France; 2*Department of Adult Nephrology and Immunology, CHU
de Nantes, Nantes, France; **Service de Médecine Intensive Réanimation, Hopital Brabois, Nancy, France; *Service
de Néphrologie, Hopital Maison Blanche, Reims, France; **Service de Néphrologie, Centre Hospitalier Universitaire
Dijon Bourgogne, Dijon, France; ?’Service d’Hématologie, CHRU de Besancon, Besangonn, France; ?*Department of
Renal Transplantation, Hopital Pitié-Salpetriére, APHP and Sorbonne University, Paris, France; 2°Service de
Médecine Interne, CHU de Clermont-Ferrand, Clermont-Ferrand, France;*Service d’Hématologie et de Thérapie
Cellulaire, CHU Limoges, Limoges, France; *'Department of Hematology, Sud Reunion University Hospital, Saint
Pierre, La Réunion, France; **Service d’Onco-Hématologie, Hopital Saint-Louis, APHP, Paris, France; **Service de
Médecine Interne et d’Immunologie Clinique, Hopital de Nice, Nice, France; *Laboratory for Thrombosis Research,
IRF Life Sciences, KU Leuven Campus Kulak Kortrijk, Kortrijk, Belgium; *Institute of Radioimmunology, Institute of
Radiopharmaceutical Cancer Research, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany; *¢Laboratory
of Experimental Hematology, University of Antwerp, Antwerp, Belgium; ¥Department of Molecular Hematology,
Sanquin Research and Landsteiner Laboratory, Amsterdam, the Netherlands; ®Ahead Therapeutics SL, Barcelona,
Spain; *®Irish Center for Vascular Biology, School of Pharmacy and Biomolecular Sciences, Royal College of
Surgeons in Ireland, Dublin, Ireland; “°Department of Internal Medicine and Hematology and Research Group for
Immunology and Hematology, Semmelweis University - E6tvds Lorand Research Network (Office for Supported
Research Groups), Budapest, Hungary; ¥INSERM Unité Mixte de Recherche (UMRS) 1138, Centre de Recherche des
Cordeliers, Sorbonne Université, Université Paris Cité, Paris, France; **Service d’Hématologie Biologique, Hopital
Lariboisiere, Assistance Publique-Hopitaux de Paris Nord, Université Paris Cité, Paris, France and “*Medico-

surgical ICU, University Hospital Avicenne, Assistance Publique-Hb6pitaux de Paris, Bobigny, France

#AP and PC contributed equally as senior authors.

Correspondence: P. Coppo

paul.coppo@aphp.fr

Received: August 7, 2025.
Accepted: December 15, 2025.
Early view: January 8, 2026.

https://doi.org/10.3324/haematol.2025.288789

©2026 Ferrata Storti Foundation
Published under a CC BY-NC license



Supplementary Methods
Patients

Diagnosis of iTTP required findings of thrombotic microangiopathy with ADAMTS13
activity <10% and anti-ADAMT13 IgG titers >15U/mL. Besides the risk of excess of infectious
complications, 7 patients with an uncontrolled HIV infection were not included here as their

response to rituximab could have differed from this of HIV-negative patients.

Treatment and response

Treatment of iTTP in the acute phase was based on current national and international
guidelines (1-3). Since October 2000, acute phase treatment consisted of daily therapeutic
plasma exchange started at diagnosis and carried out until clinical remission. Patients received
glucocorticoids (1 mg/kg/day, for a maximum of 3 weeks) unless contraindicated.
Caplacizumab became available in France in September 2018 and it was used based on the
registrational trials and the international and national recommendations in acute phase iTTP. In
the acute phase, rituximab was routinely used from 2005; it was administered intravenously at
a dose of 375mg/m? on a day-1-4-8-15 schedule and referred to as “rituximab-containing
regimens”. In the preemptive setting, rituximab was used systematically by 2007, and started
after detection of ADAMTSI13 deficiency (<10%). The dose and administration regimen of
rituximab was usually of 375 mg/m?week for 4 weeks until 2012; thereafter, one single
administration of 375 mg/m? was performed. (4) ADAMTS13 monitoring was performed at
least weekly until ADAMTSI13 improvement (i.e., >20%) in the acute setting, and at least
monthly in the preemptive setting; after normalization, ADAMTS13 activity was measured

usually in every 3 months.



Clinical response and remission, and relapse definitions were based on previous studies.
Briefly, clinical response occurred in patients when platelet count recovered durably. Complete
or partial remission was defined by a partial (activity >20% but <50%) or complete (activity
>20%) ADAMTS13 recovery in a patient with clinical response. Relapse was defined as a new
episode in patients who had formerly reached remission, or following a 30-day period with no
further TPE and caplacizumab. ADAMTSI13 relapse was defined as ADAMTS13 activity below

20% with at least two consecutive measurements. (4,5)

Statistical analysis

Descriptive statistics were performed on the overall cohort and stratified by ethnic
groups. Continuous variables were summarized as medians with interquartile ranges (IQR, 25—
75%) and compared using the Wilcoxon—-Mann—Whitney test. Categorical variables were
described as counts and percentages and compared using chi-squared or Fisher’s exact tests, as

appropriate.

All statistical analyses were conducted using R version 4.4.2 for macOS®
(https://www.r-project.org, accessed October 2024), using the packages survival, survminer,
coxme, ggplot2, and gtsummary. All p-values were two-sided, with a significance threshold set

at p <0.05.

ADAMTSI3 activity recovery was analyzed using a time-to-event approach. Kaplan—
Meier estimates were used to assess the cumulative incidence of ADAMTS13 recovery over
time. Relapse-free survival was also analyzed using Kaplan—Meier curves, stratified by
ethnicity and episode sequence. Time-to-event was defined as the interval from rituximab
administration to the occurrence of the first or any subsequent relapse. Group comparisons were

performed using log-rank tests. The number at risk was displayed below each survival curve.



Multivariable models were developed to identify factors associated with relapse,
incorporating patient-level covariates including age, sex, indication for rituximab, episode type
(first or relapsing), and ethnicity. To account for recurrent events, a Prentice—Williams—Peterson
(PWP) model was used, stratified by episode number and clustered on patient identifiers. Mean
cumulative function (MCF) curves were generated to visualize the average number of relapses
over time, stratified by ethnicity. Given that missing data accounted for less than 10%, analysis

was performed on a complete-case basis.
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