haematologica

Journal of the Ferrata Storti Foundation ®

Ethnicity affects relapse-free survival in immune-mediated
thrombotic

by Jiilia Weisinger, Florian Blanchard, Benoit Suzon, Christophe Deligny, Jehane Fadlallah, Frangois Provit,
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 Liévre,
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, Bérangeére Joly,
Agneés Veyradier, Adrien Picod and Paul Coppo

Received: August 7, 2025.
Accepted: December 15, 2025.

Citation: Jiilia Weisinger, Florian Blanchard, Benoit Suzon, Christophe Deligny, Jehane Fadlallah,

Frangois Provét, 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 Liévre, 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, Bérangeére Joly,
Agneés Veyradier, Adrien Picod and Paul Coppo. Ethnicity affects relapse-free survival in immune-mediated
thrombotic.

Haematologica. 2026 Jan 8. doi: 10.3324/haematol.2025.288789 [Epub ahead of print]

Publisher's Disclaimer.

E-publishing ahead of print is increasingly important for the rapid dissemination of science.
Haematologica is, therefore, E-publishing PDF files of an early version of manuscripts that have
completed a regular peer review and have been accepted for publication.

E-publishing of this PDF file has been approved by the authors.

After having E-published Ahead of Print, manuscripts will then undergo technical and English editing,
typesetting, proof correction and be presented for the authors' final approval; the final version of the
manuscript will then appear in a regular issue of the journal.

All legal disclaimers that apply to the journal also pertain to this production process.



Ethnicity affectsrelapse-free survival in immune-mediated thrombotic

thrombocytopenic purpura

JaliaWeisinger *, Florian Blanchard #*, Benoit Suzon “, Christophe Deligny #, Jehane
Fadlallah °, Francois Provét °, Pascale Poullin /, Manon Marie 8, David Ribes ®, Gabriel
Choukroun *°, Yahsou Delmas ™', ElieAzoulay 2, Y gal Benhamou 3, Maximilien Grall **,
Jean-Michel Halimi *, Moglie Le Quintrec *°, Aude Servais >, Thomas Papo *®, Camille
Lepart *°, Claire Cartery %, Valérie Chatelet *, Jean-Francois Augusto %, Simon Ville 2,
Pierre Perez %, Loic Liévre ®, 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 **, Bérangére
Joly **%2 Agnés Veyradier “***?, Adrien Picod* ***, Paul Coppo* **

*Contributed equally

! Centre de Référence des Microangiopathies Thrombotiques, Service dthématologie, Hopital
Saint Antoine, APHP and Sorbonne Université (AP-HP.6), Paris, France

2 Sorbonne Université, GRC 29, Groupe de Recherche Clinique en Anesthésie Réanimation
médecine périopératoire, ARPE, F-75013 Paris, France

% Hopital La Pitié Salpétriére, APHP DMU DREAM, Department of Anesthesiology and
Critical Care, F-75013 Paris, France

“ Department of Internal Medicine, Martinique University Hospital, Fort-de-France,
Martinique, France

® Service dlmmunologie Clinique, Hopital Saint-Louis, APHP, Paris, France
® Service de Néphrologie, Hopital Albert Calmette, Lille, France
" Service d'Hémaphérése, Hopital de La Conception, CHU de Marseille, Marseille, France

8 Service de Médecine Interne, Hopital Edouard Herriot, Hospices Civils de Lyon, Lyon,
France

® Department of Nephrology and Organ Transplantation, Referral Centre for Rare Kidney
Diseases, University Hospital of Toulouse, INSERM U1297, Toulouse, France

19 Service de Néphrologie Médecine Interne Dialyse Transplantation, CHU Amiens Picardie
et laboratoire MP3CV, UPJV, Amiens, France

1 Service de Néphrologie, CHU Bordeaux, Bordeaux, France
12 M édecine Intensive Réanimation, Hopital Saint Louis, APHP, Paris, France

13 Service de Médecine Interne, CHU Charles Nicolle, Rouen, France



14 Department of Internal Medicine, CHU Rouen, Rouen, France

1> Service de Néphrol ogie-Hypertension, Dialyses, Transplantation Rénale, CHRU Tours,
Tours, France

16 Centre Hospitalier Universitaire de Lapeyronie, Département de Néphrologie Dialyse et
Transplantation Rénale, Montpellier, France

17 Service de Néphrologie et Transplantation, Hopital Necker, APHP, Paris, France

18 Service de M édecine Interne, Hopital Bichat, APHP, Paris, France

19 Service de M édecine Interne et Immunol ogie Clinique, CHU de Rennes, Rennes, France
2 Service de Néphrologie, CH de Valenciennes, Valenciennes, France

%! Department of Adult Nephrology, CHU de Caen, Caen, France

%2 Service de Néphrologie-Dialyse-Transplantation, CHU d’ Angers, Angers, France

% 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, Besancon, France

%8 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

3 Department of Heamatology, Sud Reunion University Hospital, Saint Pierre, La Réunion,
France

%2 Service d’ Onco-Hématol ogie, Hopital Saint-Louis, APHP, Paris, France
% Service de Médecine Interne et o’ Immunologie Clinique, Hopital de Nice, Nice, France

% Laboratory for Thrombosis Research, IRF Life Sciences, KU Leuven Campus Kulak
Kortrijk, Kortrijk, Belgium

% | nstitute of Radioimmunology, Institute of Radiopharmaceutical Cancer Research,
Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

% |_ahoratory of Experimental Hematology, University of Antwerp, Antwerp, Belgium



3" Department of Molecular Hematology, Sanquin Research and Landsteiner Laboratory,
Amsterdam, The Netherlands

% Ahead Therapeutics SL, Barcelona, Spain
% |rish Centre for Vascular Biology, School of Pharmacy and Biomolecular Sciences, Royal
College of Surgeonsin Ireland, Dublin, Ireland

“0 Department of Internal Medicine and Hematology and Research Group for Immunology
and Hematology, Semmelweis University - E6tvos Lorand Research Network (Office for

Supported Research Groups), Budapest, Hungary

“L INSERM Unité Mixte de Recherche (UMRS) 1138, Centre de Recherche des Cordeliers,
Sorbonne Université, Université Paris Cité, Paris, France

“2 Service d'Hématol ogie biologique, Hopital Lariboisiére, Assistance Publique-Hopitaux de
Paris Nord, Université Paris Cité, Paris, France

“3 Medico-surgical ICU, University Hospital Avicenne, Assistance Publique-Hopitaux de
Paris, Bobigny, France

Correspondence:

Paul Coppo, Service d’hématologie, Centre National de Référence des Microangiopathies
thrombotiques (CNR-MAT, www.cnr-mat.fr), Hopital Saint-Antoine; 184 Rue du Faubourg
Saint-Antoine, 75012 Paris, France.

Phone number: 00.33.1.49.28.34.39
Fax: 00.33.1.49.28.33.75

E-mail: paul.coppo@aphp.fr

Running title: Ethnicity affects relapse-free survival in immune-mediated TTP

Key words: thrombotic thrombocytopenic purpura; ethnicity; ADAMTSL13; rituximab;
relapse; prognosis.



Acknowledgements:

We thank A. Delton, C. Doinel, C. Fernandes, C. Hue, B. Butt (Laboratoire d’ Hématologie,
Hépital Lariboisiere, AP-HP, Paris), and L. Jourdain, F. Boukenna, A. Fofana and K. Amour
(Centre de Référence des Microangiopathies Thrombotiques, Hépital Saint-Antoine, AP-HP,
Paris) for technical assistance. This work was partly funded by a grant from the French
Ministry of Health (Projet Hospitalier de Recherche Clinique; P120118; AOM12259). This
work was also supported by the National Plan for Rare Diseases of the French Ministry of
Health (Direction Générale de I’ Offre de Soin (DGOS)). This work was supported by funds of
the EU MSCA project TOLERATE by the European Union under Grant Agreement No.
101072729.

Data sharing statement
Original data are available upon reasonabl e request to the corresponding author.
Funding

Thiswork was partly funded by a grant from the French Ministry of Health (Projet Hospitalier
de Recherche Clinique; P120118; AOM 12259). This work was also supported by the National
Plan for Rare Diseases of the French Ministry of Health (Direction Générale de I' Offre de
Soin (DGOS)). This work was supported by funds of the EU MSCA project TOLERATE by
the European Union under Grant Agreement No. 101072729. Views and opinions expressed
are however those of the author(s) only and do not necessarily reflect those of the European
Union or European Research Executive Agency. Neither the European Union nor the granting
authority can be held responsible for them.

Conflict of interest disclosure

J. Weisinger, R. Bouzid do not have any conflict of interest to declare. P. Coppo is member of
the Clinical Advisory Board for Alexion, Sanofi and Takeda. A. Veyradier is a member of the
French clinical advisory board for Sanofi and Takeda. B. Joly has participated to Advisory
boards for Sanofi, Takeda and Alexion. F. Blanchard reports lecture fees from ASPEN. Y.
Delmas participated in advisory boards for Sanofi, Takeda, Samsung, Novartis and Alexion.
The other authors have no conflict of interest to declare.

Author contributions

J. Weisinger collected the data, prepared the datafile for statistical analyses and wrote the first
version of the manuscript. B. Suzon, C. Deligny, J. Fadlallah, F. Provét, P. Poullin, M. Marie,
D. Ribes, G. Choukroun, Y. Delmas, E. Azoulay, Y. Benhamou, M. Grall, JM. Halimi, M. Le
Quintrec, A. Servais, T. Papo, C. Lepart, C. Cartery, V. Chatelet, JF. Augusto, S. Ville, P
Perez, L. Liévre, M. Legendre, A. Rumpler, A. Hertig, V. Rieu, A. Jaccard, P. Zunic, L.
Gilardin, N. Martis treated the patients. S.R. Puig, R. Gupte, M.T. Garcia, M. Dierickx, D.
Greco, T. Albrecht and A.A. Icleanu participated in data collection. A. Picod and F. Blanchard
performed the statistical analysis. R. Bouzid organized the data collection from all centers. B.
Joly and A. Veyradier performed all ADAMTS13 explorations and critically reviewed the



manuscript. A. Picod and P. Coppo initiated the study, contributed to the data analysis, edited
the manuscript and supervised the work.

Clinical Trial registration

This study was part of the Thrombotic Microangiopathy program study approved by the
Ethics Committee of Hospital Pitié-Salpétriére (Paris, France) (www.clinicaltrials.gov,
NCT00426686), the Health Authority and the French Ministry of Health (P051064/PHRC
AOMO05012), and the French Data Protection Authority. Ethnicity data collection and analysis
was approved by the Ethical Committee of Hospital Avicenne, Bobigny, France (CLEA-2025-
469). All study procedures were performed in accordance with the Declaration of Helsinki.




Abstract

Immune-mediated thrombotic thrombocytopenic purpura (iTTP) is caused by a severe,
antibody-mediated deficiency of ADAMTS13 (A Disintegrin And Metalloproteinase with
ThromboSpondin-1 motifs, 13" member) activity. The B-cell depleting agent rituximab is
effective in restoring ADAMTS13 activity and therefore preventing relapses. However, the
risk of relapse appears heterogeneous among patients, although the underlying causes are
elusive. Preliminary reports suggested that African ancestry could be associated with
decreased relapse-free survival (RFS). Data from the registry of the French National
Thrombotic Microangiopathy Reference Center were used to further address the role of
ethnicity on response and RFS after rituximab administration in the acute as well as in the
preemptive setting. A total of 790 patients (134 patients of African ancestry and 656 patients
of European ancestry) were included in the study. Time from rituximab administration to
ADAMTSI13 recovery was comparable between the two cohorts. Patients of African ancestry
had inferior 3-year combined RFS after the first rituximab-treated episode compared to
patients of European ancestry (p<0.05). In multivariate analyses, African ancestry was
identified as an independent risk factor for relapse (HR 1.36, p<0.05), as well as male sex
(HR 1.21, p<0.05) and type of index episode treated by rituximab (relapsed disease vs. initial
episode, HR 1.62, p<0.05). Moreover, time to relapse shortened progressively after
consecutive courses of rituximab, regardless of ethnicity (p<0.05). These results indicate that
ethnicity affects RFS with patients of African ancestry relapsing earlier, suggesting that a

closer ADAMTS13 monitoring might be necessary in high-risk patients.



I ntroduction

Immune-mediated thrombotic thrombocytopenic purpura (iITTP) is a rare disease
characterized by a severe, antibody-mediated deficiency in the von Willebrand factor-cleaving
protease ADAMTSI13 (A Disintegrin And Metalloproteinase with ThromboSpondin-1 motifs,
13th member) activity. ADAMTSL3 activity deficiency leads to microangiopathic hemolytic
anemia, severe thrombocytopenia and ischemic end-organ damage. [1,2] The evolving
knowledge on the pathogenesis of iTTP provided a rationale for using B-cell depleting
therapies such as rituximab in the acute phase, as well as in the preemptive setting in patients
who experience a severe decrease in ADAMTS13 activity during follow-up while otherwise
in remission, an event now termed ADAMTSI13 relapse. [3-6] Rituximab therapy rapidly
induces B-cell depletion, thereby effectively preventing relapse in most patients. [3,4]
However, about 40% of patients will need further treatment due to a clinical or ADAMTS13
relapse, whereas others maintain a normal ADAMTS13 activity. [3,4,7] The cause of this
heterogeneity in patients’ response to rituximab is unclear, while its understanding could lead
to a more personalized follow-up with personalized immunomodulation. Recent studies in
other autoimmune diseases identified ethnical disparities after rituximab treatment that might
play a role in the heterogeneity of rituximab response. [8] More specifically for iTTP, the
USTMA group assessed the possible role of ethnicity in the different response of iTTP to
rituximab, and showed that rituximab may be less effective in preventing relapse for patients
of African ancestry. [9] Furthermore, the same group reported that clinica and/or
ADAMTSA3 relapses occur significantly sooner for patients of African ancestry from the
second course of rituximab treatment. [10] However, these studies typically did not involve
regular ADAMTSI13 monitoring, and only a small prospective cohort was evaluated for
ADAMTS13 relapses, while since the routine use of preemptive therapies clinical relapses are

rare. In this context, ADAMTSI13 relapses might better reflect long-term outcomes. [10]



Furthermore, these data originate exclusively from the United States, where medico-social
factors may differ from those in other geographica regions and might influence access to
regular diagnostic procedures, follow-up measurements (e.g. ADAMTS13 monitoring) and
novel treatment options. In contrast, the French hedthcare system provides universal
coverage; therefore, social and economic factors might have a limited role compared to
previous studies. Here, we report the results of a large cohort of French patients in which we

explored the role of ethnicity iniTTP relapse.

M ethods
Patients and treatment

Data on adult patients with a diagnosis of iTTP included from October 2000 to July

2023 in the registry of the French TMA Reference Center (CNR-MAT; www.cnr-mat.fr) have

been collected according to a predefined computerized dataset. [3,4] For the present study, all
episodes of ITTP treated with rituximab were included. iTTP diagnosis was considered in
patients with features of TMA and a confirmed severe, immune-mediated ADAMTS13
deficiency (<10%). ADAMTSI3 activity and anti-ADAMTS13 antibodies assessments were
assessed as previously described. [11] Non-inclusion criteria, clinical response, remission, and
relapse definitions were based on previous studies and are detailed in the Supplementary

methods.

Patients were classified based on saf-reported ancestry. Two groups were defined:
patients of African ancestry (including Sub-Saharan and West-Indies origins) and patients of
European ancestry. This classification was chosen to reflect genetic and epidemiological
relevance in the context of iTTP. Both groups were compared for the outcome following the

administration of rituximab in the acute phase, in the preemptive setting or both. The primary



endpoint was relapse-free survival (RFS) from the first course of rituximab according to
ethnicity. Secondary endpoints included RFS from > 2™ course of rituximab according to
ethnicity and the assessment of risk factors of relapse. Assessment of response was performed
as previously described. [5,12] ADAMTSI13 response was defined by an ADAMTS13
activity of >20%. ADAMTS13 RFS (i.e., time to next ADAMTS13 relapse), clinical RFS
(i.e, time to next clinical relapse) and combined RFS (i.e, time to next clinical and/or
ADAMTSIS relapse) were calculated. We used the combined relapse endpoint for risk

analysis.

Treatments administered in the acute phase and in the preemptive setting are detailed
in the Supplementary methods. In the acute phase, rituximab was administered
intravenously at a dose of 375mg/m? on a day-1-4-8-15 schedule. In the preemptive setting,
rituximab was started after detection of ADAMTS13 deficiency (<10%). The dose and
administration regimen in the preemptive setting was usually of 375 mg/m*week for 4 weeks
until 2012; thereafter, after evaluation of the risk-benefit balance (i.e., the potentia infectious
risk of repeated rituximab administrations in up to 50% of iTTP patients while a single
administration improves efficiently ADAMTS13 activity in >85% of cases), one single

administration of 375 mg/m* was performed. [4]

Statistics

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-sgquared or Fisher’s exact tests,

as appropriate. Further details of statistical analyses are added in Supplementary methods.



All statistical analyses were conducted using R verson 4.4.2 for macOS®
(https.//www.r-project.org, accessed October 2024). All p-values were two-sided, with a

significance threshold set at p < 0.05.

Ethics and Patient Consent Statement

This study was part of the Thrombotic Microangiopathy program study approved by

the Ethics Committee of Hospital Pitie-Salpétriere (Paris, France) (www.clinicaltrials.gov,

NCT00426686), the Health Authority and the French Ministry of Health (P0O51064/PHRC
AOMO05012), and the French Data Protection Authority. Ethnicity data collection and analysis
was approved by the Ethical Committee of Hospital Avicenne, Bobigny, France (CLEA-2025-

469). All study procedures were performed in accordance with the Declaration of Helsinki.

Results
Baseline characteristics

At the time of the study, 3565 patients with TMA were involved in the French
National TMA registry, including 1141 iTTP patients;, among them, 942 received rituximab
during the acute phase of the disease and/or as a preemptive treatment. We excluded 152
patients (9 had an ancestry other than African or European, 7 had an uncontrolled HIV
infection, and 15 patients had no sufficient data; 121 additional patients were not considered
in this study due to a follow-up of less than 6 months). A total of 1347 episodes from 790
patients managed from 2000 to 2023 were finally analyzed (detailed flowchart in Figure 1).
One hundred and thirty-four (17%) patients were of African ancestry (including 33 patients
from West-Indies) and 656 were of European ancestry. Baseline characteristics of patients,

including rituximab regimens (4-infusion versus single course), were comparable (Table 1).
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ADAMTS13 response to rituximab according to ethnicity

ADAMTSI13 response (i.e., ADAMTSI13 activity > 20%) was achieved in up to 96%
of patients following rituximab administration, regardless of ethnicity (Table 2). There was no
difference in time to ADAMTS13 response between patients of African ancestry and those of
European ancestry (median 36 vs. 37 days, respectively, p=0.99) (Table 2; Figure 2). After a
comparable median follow-up between both groups (47 months [IQR, 25-95] and 41 months
[IQR, 20-85], respectively, p=0.25), the rate of relapses did not significantly differ between
groups (p=0.083) (Table 2), although the total number of relapses tended to be higher in
patients of African ancestry (p=0.053) (Table 2). Following the first course of rituximab, we
found that 3-year combined RFS was significantly lower for patients of African ancestry than

for patients of European ancestry (p=0.015) (Figure 3A).

Risk factors for relapse

To further assess if ethnicity had a cumulative impact in relapse risk, we performed a
multivariate Prentice-Williams—Peterson analysis stratified by episode number, to identify
risk factors for combined relapse. This analysis identified African ancestry as an independent
risk factor for cumulative combined relapse (HR 1.50 CI 1.20-1.88, p < 0.001). Other
independent risk factors for combined relapse were male sex (HR 1.24, Cl 1.01-1.54,
p=0.043) and the type of index episode treated by rituximab (relapse vs. first episode, for all

cumulative episodes, HR 1.61, ClI 1.20-2.17, p=0.002) (Table 3, Figure 3B).

In a second approach, we investigated the contribution of episode number to
subsequent relapse risk. Using a Cox regression model, we confirmed that a relapsing

episode, male sex and African ancestry were associated with a higher risk of relapse; in
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addition, we found that the risk of relapse progressively increased with episode number,
regardless of ethnicity (Table 4, Figure 4). Accordingly, and regardless ethnicity, patients
with a first iTTP episode experienced a relapse in 37% of cases, whereas patients who had a

first or asecond relapse experienced a further relapse in 46% and 59% of cases, respectively.

Discussion

In this large, nationwide cohort of closely monitored French iTTP patients, we found
that African ancestry is associated with a significantly shorter RFS following rituximab
treatment compared to patients of European ancestry. This association persisted after adjusting
for confounders and was observed across both initial and subsequent courses of rituximab.
Importantly, the time to ADAMTSL13 recovery following rituximab did not differ between
ethnic groups, highlighting that early therapeutic response is preserved, but durability of
remission may be compromised in patients of African ancestry. Additionally, the time to
relapse progressively shortened with the number of rituximab courses regardless of ethnicity,

underscoring the cumulative burden of disease recurrencein relapsing patients.

Our findings provide robust confirmation of prior observations from US cohorts
suggesting ethnic disparities in RFS following rituximab in iTTP. [9,10] By replicating and
expanding these findings in a distinct healthcare and socia context with systematic
ADAMTS13 monitoring, we validate the association between African ancestry and increased
relapse risk. Nevertheless, in contrast to a previous report, we show that the progressive
shortening of the time to relapse is independent of ethnicity. [10] This discrepancy is most
likely explained by the greater statistical power of our study, which included a larger number
of patients. In that regard, the association between the number of consecutive therapeutic lines
and shorter ADAMTS13 RFS highlights the importance of a personalized approach and a

tailored ADAMTS13 monitoring during follow-up to prevent clinical relapses.
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The mechanisms underlying the different RFS by ethnicity remain incompletely
understood. By analogy with other immune-mediated diseases, hypotheses include faster B-
cell repletion after anti-CD20 therapy, differences in B-cell subset distribution, HLA-related
genetic predispositions and more frequent immunization against rituximab. [8,13-15]
Notably, a lower prevalence of protective alleles such as HLA-DRB1*04 has been described
in patients of African ancestry. [16] Further prospective studies with integrated
immunophenotyping, pharmacokinetics, and genomics are warranted. In the meantime,
intensified ADAMTS13 monitoring and tailored preemptive strategies may be justified in
patients of African ancestry to mitigate relapse risk. Patient education and improved
compliance are crucial in optimal follow-up. In that regard, we believe our results should help
treating physicians better understand potential risk factors associated with shorter
ADAMTSI13 RFS, and tailor ADAMTS13 monitoring to improve outcome. The potential role
of aternative or next-generation immunomodulatory agents, such as obinutuzumab or anti-

CD38 antibodies, should also be explored in this population.

Our study has several strengths. It is the largest to date to examine the role of ethnicity
in iTTP relapse and the first to explore this question within a European context. The current
analysisrelies on data from a well-characterized, prospective national registry. Importantly, all
patients underwent regular ADAMTS13 monitoring, allowing precise determination of both
clinical and ADAMTSI13 relapses. This approach contrasts with prior studies limited to
clinical relapses alone. Nonetheless, some limitations should be acknowledged. Ethnicity was
self-reported and dichotomized into broad categories, potentially obscuring intra-group
heterogeneity. Moreover, although the French healthcare system provides universal coverage,
unmeasured social determinants of health, may still influence outcomes. Lastly, rituximab
regimen changed during the study period, with a 4-weekly infusion course of rituximab in the

first years and a single infusion from 2012. However, the 4-weekly infusion course only

13



involved a minority of patients (<10%) equally distributed in both subgroups; therefore, the
impact of this initially more intensive regimen on our conclusions is very unlikely. On the
other hand, one could consider treating patients from African ancestry with more intensive

rituximab regimens, as these were associated with better ADAMTS13 relapse-free survivals.
[4,17]

In conclusion, this study identifies African ancestry as an independent risk factor for
relapse following rituximab treatment in iTTP, despite comparable initial responses. These
findings underscore the importance of integrating ethnicity into risk stratification models and
support regular ADAMTS13 monitoring as a cornerstone of long-term management, to
facilitate a more personalized approach, particularly in high-risk groups, to prevent clinical

relapse and optimize outcomes.
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Patients of

African Patients of
ancesiry*, ancE ;Jtrr?/p?]in656 All,n=790 | p-value
n=134 ’

! ﬁe{i:y})‘gga% 41 (31-51) 42(31-54) | 43(3354) | 03
Males, n (%) 29 (22) 193 (29) 222 (28) 0.068
First episode, n (%) 106 (79) 500 (76) 606 (77) -
Indication of rituximab

Acute episode, n (%) 122 (91) 604 (92) 726 (92) 0.7

Preemptive therapy, n (%) 12 (9) 52 (8) 64 (8)

4-infusion regimen (%)** 13(9.7) 63 (9.6) 76 (9.6) 0.97

Table 1. Baseline characteristics of patients.

IQR, interquartile range. *Including 33 patients from West-Indies; **performed until 2012.
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Table 2. Response to rituximab (preemptive treatment) or to rituximab-containing regimens

(acute phase treatment).
Patients of Patients of
African ancestry, European p-value
n=134 ancestry, n=656
Clinical refractoriness, n (%) 2(2) 6 (1) 0.6
Exacerbation, n (%) 22 (18) 122 (20) 0.6
ADAMTS13 refractory, n (%) 3(2 30(5) 0.2
Any type of relapse, n (%) 58 (43) 232 (35) 0.083
Clinical relapse, n (%) 22 (16) 95 (14) 0.6
Number of clinical relapses, median 1(1-2) 1(1-2) 05
(IQR)
ADAMTSI13relapse, n (%) 47 (35) 187 (29) 0.13
number (Iogg?AM TSI13 relapses, 0(0-1) 0(0-1) 0.078
Death, n (%) 0 (0) 11 (2) 0.2

ADAMTS13, A disintegrin and metalloporteinase with thrombospondin-1 motifs, 13th

member; IQR, interquartile range.
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Table 3. Risk factors of cumulative combined (clinical and/or ADAMTS13) relapse.

Variable Hazard ratio (Cl) p-value
African ancestry 1.50 (1.20-1.88) <0.001
Age 1.00 (1.00-1.01) 0.58
Male sex 1.24 (1.01-1.54) 0.043
Initial relapse 1.61 (1.20-2.17) 0.002

Abbreviations: Cl: confidence interval.
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Table 4. Contribution of episode number to subsequent relapse risk.

Variable Hazard ratio (Cl) p-value
Episode number

1 1 (reference)

2 1.67 (1.27-2.19) <0.001
3 2.25(1.67-3.03) <0.001
4 and subsequent 2.20 (1.64-1.66) <0.001
African ancestry 1.36 (1.12-1.66) 0.002
Age 1.00 (1.00-1.01) 0.70
Male sex 1.21 (1.02-1.44) 0.031
Initial relapse 1.62 (1.24-2.11) <0.001

Abbreviations: Cl: confidence interval.
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Figureslegend
Figure 1. Flowchart of the study.

Abbreviations: iTTP, immune-mediated thrombotic thrombocytopenic purpura; RTX,
rituximab.

Figure 2. ADAMTSI13 response (ADAMTS13 activity >20%) after rituximab administration
in patients according to ethnicity

Abbreviations: ADAMTS13, A disintegrin and metalloporteinase with thrombospondin-1
motifs, 13th member.

Figure 3. Relapse-free survival (RFS) after rituximab administration. (A) 3-year combined
RFS. (B) Mean cumulative function for combined RFS following rituximab according to
ethnicity.

Figure 4. Combined RFS following consecutive rituximab treatment lines. (A) Combined
RFSinall patients, (B) in African ancestry patients, and (C) in patients of European ancestry.

Abbreviation: RTX, rituximab.
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iTTP adult patients included in the
registry
1141 patients

iTTP treated with rituximab
942 patients
1552 episodes

iTTP included in the study
790 patients
1347 episodes

152 patients
- Other ancestry (9 patients)
- Missing data (15 patients)
- Uncontrolled HIV (7 patients)
- Early loss of follow up
(< 6 months) (121 patients)

/\

Patients of African ancestry
134 patients
263 episodes

Patients of European ancestry

656 patients
1084 episodes
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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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