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Accepted July 1, 2026 Background: Congenital thrombotic thrombocytopenic purpura (cT'TP) is an ultra-rare, life-threat-

ening thrombotic disorder. The real-world clinical trajectory and management of cT'TP are not well
Keywords: ADAMTS13; defined.

cT'TP, congenital thrombotic
thrombocytopenic purpura; prophylaxis;
real-world evidence

Objectives: Describe patient characteristics, quantify the incidence and prevalence of clinical mani-
festations and disease-related complications, and describe treatment patterns and treatment-related
outcomes of patients with cT'TP.

Methods: In this retrospective, multinational, longitudinal cohort study, data were abstracted from
the medical records of patients with severe hereditary ADAMTS13 deficiency (<10% activity) at

*Corresponding author: 9 participating sites across Europe and the United States. Eligible patients experienced an index
Email address: ragy.saad@takeda.com event (CTTP diagnosis, an acute TTP event or TTP manifestation, a cTTP-related clinical event, or
prophylaxis) between January 1, 2009, and December 31, 2017. Data collection was from January
fAffiliation at time of study. 1, 2009, to December 31, 2020. A post hoc analysis was conducted among patients who matched
inclusion criteria for a phase 3 trial (NCT03393975), and who received plasma-based therapy
» Supplementary Material (PBT) prophylaxis at least once per month, up to 3 times per week.

Results: Medical records from 78 patients (61 [78.2%] female) were included in the study. The mean
(SD) follow-up was 8.1 (3.1) years. Ninety-two acute TTP events were recorded in 55 (70.5%) pa-
tients (overall event rate, 0.145 events per person-year). Eighty (87.0%) acute TTP events occurred
in the absence of prophylactic treatment, of which 16 (20.0%) resulted in organ damage (based on
physicians’ assessment). Twelve (13.0%) acute TTP events occurred during prophylaxis; none result-
ed in organ damage. Sixty-four TTP manifestations were recorded in 29 (37.2%) patients (overall
event rate, 0.101 events per person-year). Of the 25 patients in the post hoc analysis, 4 experienced
9 acute TTP events while receiving PBT prophylaxis.

Discussion: Our findings suggest that acute TTP events occurred less frequently during periods
of prophylaxis but also highlight prophylaxis’ intrinsic limitations in preventing ongoing manifes-
tations, cumulative organ damage, and the logistical and safety burdens associated with repeated
plasma infusions.

Conclusions: Patients with cTTP bear a substantial clinical and disease burden associated with
acute TTP events and organ damage. Despite treatment with PBT prophylaxis, some patients still
experienced acute TTP events, suggesting that more effective treatments may be needed.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at
htep://creativecommons.org/licenses/by/4.0/legalcode for more information.
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INTRODUCTION

Congenital thrombotic thrombocytopenic purpura (cT'TP) is an ultra-
rare, life-threatening, and chronic thrombotic disorder of the micro-
circulation caused by inherited deficiency of a disintegrin and metal-
loproteinase with thrombospondin motifs 13 (ADAMTS13)."? The
diagnosed prevalence of ¢TTP has been estimated at 0.5 to 2 cases
per million.* However, based on a 2024 population-based genetic
epidemiology study, cI'TP prevalence may be higher than previously
understood.’ Although ¢TTP can present at any age, 2 peak periods
of presentation have been observed: early childhood and adulthood,
particularly in the context of pregnancy.®

Clinically, cT'TP manifests as acute thrombotic thrombocytope-
nic purpura (TTP) events characterized by thrombocytopenia, micro-
angiopathic hemolytic anemia, and ischemic organ damage that can
include neurological, cardiac, gastrointestinal, and renal involvement.®®
Pregnancy and infections are typical precipitating factors for acute TTP
events.”? In addition, patients can experience debilitating chronic or
intermittent non-overt symptoms such as headache, migraine (with
or without auras), abdominal pain, and fatigue. These symptoms may
reflect ongoing disease activity due to persistent ADAMTSI3 defi-
ciency, which may be associated with cumulative organ injury over
time.*® Treatment for ¢TTP has focused on ADAMTS13 replace-
ment via plasma-based therapies (PBTs). Two preparations are com-
monly used: fresh frozen plasma (FFP) and solvent/detergent-treated
plasma 61014

Despite a growing consensus among international working groups
on the diagnosis of cT'TP and the management of acute TTP events,'*"
substantial evidence gaps remain in our understanding of the natural
history (including periods with and without prophylactic treatment),
clinical burden, and long-term sequelae. Existing data are largely
derived from single-country registries, or clinical trial populations, and
often focus on acute presentations rather than the cumulative burden
of disease and treatment over time. Real-world evidence from a broader
multinational cohort may facilitate the development of accurate dis-
ease models and inform treatment strategy, including the integration
of novel targeted therapies, with the aim of reducing and mitigating the
clinical burden of ¢I'TP and improving patient outcomes.

The aim of this study was to address key knowledge gaps in the
health impacts and real-world management of patients living with
cT'TP The primary objectives were to describe the characteristics of
patients with ¢TTD, and to quantify the incidence and prevalence of
short- and long-term clinical manifestations (acute TTP events and
TTP manifestations), and disease-related complications. Secondary
objectives included describing the treatment patterns and treatment-re-
lated outcomes of patients with cT'TP. Findings from this study expand
prior knowledge with data from a multinational cohort with extended
longitudinal follow-up, and by including TTP manifestations and real-
world impacts beyond acute TTP events. Additionally, endpoints were
selected to align with a prior clinical trial,'® allowing for better trans-
lation of clinical trial results into real-world global settings. This infor-
mation may help to inform therapeutic decision-making and identify

priorities for future research.
METHODS

Study Design

This was a multinational, retrospective, longitudinal cohort study using
de-identified medical records from 9 participating sites: France (1 site),
the United Kingdom (2), Spain (2), Switzerland (1), Germany (1), Italy
(1), and the United States (1). Institutions were invited to participate
in the study based on convenience sampling from the target population

(ie, patients with a confirmed diagnosis of cT'TP). Convenience sam-
pling was considered necessary given the ultra-rarity of ¢cI'TP and to
enable a meaningful sample size to be reached (see Methods: Statisti-
cal Analysis Plan). Site selection considered physicians’ expertise in
managing ¢T'TP, eligible patient volume, prior research experience,
and capacity to conduct chart reviews. Participating sites were mainly
specialty treatment centers. Trained personnel at each participating
site abstracted patient-level data under the supervision of clinicians
specializing in thrombotic microangiopathies including cTTP, using
a web-based electronic case report form on an electronic data capture
platform. Collected variables and timepoints were standardized across
sites using an electronic data capture form (Supplementary Materials:
Statistical Analysis Plan). Centralized remote monitoring was imple-
mented on all data entered into the electronic case report form. On-site
monitoring visits were also conducted.

Data were collected from medical records during the study period
(January 1, 2009, to December 31, 2020) for eligible patients who had
at least 1 qualifying index event (detailed in Supplementary Table S1)
during the index identification period (January 1, 2009, to December
31, 2017). Qualifying index events included: an initial diagnosis of
cTTP an acute TTP event, TTP manifestation, a TTP-related clinical
event, or receipt of prophylaxis, as defined in Supplementary Table
S1. The index date was defined as the date of the earliest qualifying
event. Patients were followed from their study index date until loss to
follow-up, enrollment in a clinical trial, death, or the end of the study
period, whichever occurred first (Supplementary Figure S1).

Patient Population

The study was conducted in accordance with the Declaration of Hel-
sinki and followed the Guidelines for Good Pharmacoepidemiology
Practices, recommended by the International Society for Pharmacoep-
idemiology. Institutional review board/independent ethics committee
approval was obtained from each participating study site as required by
local regulations. Written informed consent or a waiver of informed
consent was obtained as applicable and in accordance with the require-
ments of the relevant ethical committees in each country.

Eligible patients had a documented diagnosis of severe hereditary
ADAMTS13 deficiency (defined in Supplementary Table S1). Exclu-
sion criteria included a prior diagnosis of any other hematologic disor-
der, except for hemolytic uremic syndrome. Results were stratified based
on age at diagnosis and further stratified by ¢cT'TP diagnosis occurring
during or outside of pregnancy among adult-diagnosed patients. A post
hoc analysis was conducted to generate real-world evidence on the bur-
den of ¢TTP to support the assessment of efficacy and safety of the
use of rADAMTS13 for patients with cT'TP by health authorities. This
analysis included the subset of all patients who would have met eligibil-
ity criteria for its phase 3 pivotal trial (NCT03393975; Supplementary
Methods)."® Briefly, patients in the post hoc analysis were 0-70 years
old, and received regular prophylaxis (defined as treatment administered
at a frequency of =1 per month and <3 per week, excluding steroids)
with PBT. Exclusion criteria included pregnancy (for females 214 years
old), drug dependence, dementia, Alzheimer’s disease, alcohol depen-

dence, HIV, cirrhosis, or acute coronary syndrome.

Study Variables

Baseline characteristics recorded based on information available on or
before study index included sociodemographic variables, general health
factors, and ¢TTP-related characteristics, including diagnostic history
with ADAMTS13 phenotypic and genotypic investigations (Supple-
mentary Methods). Clinical manifestations of TTP were classified as
acute TTP events or TTP manifestations. An acute TTP event was

defined as a decrease in platelet count of at least 50% of baseline or
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a platelet count of fewer than 100000/uL and an elevation of lactate
dehydrogenase more than twice the upper limit of normal. A TTP
manifestation was defined as an event that met any of the following: a
decrease in platelet count of at least 25% of baseline at screening or a
platelet count of fewer than 150 000/uL; elevation of lactate dehydro-
genase more than 1.5 times the upper limit of normal; and/or relevant
signs and symptoms as defined in Supplementary Table S1. Situa-
tions that precipitated acute TTP events during the study period were
recorded.

Disease-related complications included organ damage and dys-
function, symptomatology of ¢I'TD and death. Organ damage was
described overall and classified by organ type: cardiac, neurological,
renal, or hepatic. Organ dysfunction recorded during annual organ
assessments was described overall and by organ system (cardiac, renal,
neurological, and hepatic). Treatment patterns and treatment-related
outcomes for acute TTP events during the study period and TTP
manifestations at study index were also recorded. Other variables were
collected as per Supplementary Materials: Statistical Analysis Plan.

Statistical Analysis
All analyses were descriptive, and no formal hypothesis testing or infer-
ential statistical analyses were performed. No imputations of missing
data were conducted. Categorical variables are presented as frequen-
cies and percentages. Continuous variables are expressed as the mean,
median, SD, IQR, and range. For instances in which patients had
repeat observations, within-patient averages were calculated.
Prevalence was calculated as the number of patients who ever expe-
rienced an event divided by the total number of eligible patients. Preva-
lence was expressed as N (%) or per 100 persons for acute TTP events,
TTP manifestations, organ damage (at acute TTP events during the
study period and at TTP manifestations at index), and organ dysfunc-
tion. Incidence rates were expressed as rates of event(s) per person-year
(PPY) and assessed among patients who had no history of the event of
interest before study index. Patients with sufficient baseline history to
exclude prevalent cases comprised the at-risk population for deriving
incidence rates. Patients contributed follow-up time from their index
date until study end or censoring, either due to the reasons above or the
occurrence of the event of interest. Event rates (ERs) were calculated
for acute TTP events and TTP manifestations during the study period.
ERs for acute TTP events occurring during prophylaxis considered only
the time period in which patients received prophylaxis and the events
occurring in that period. Similarly, ERs for acute TTP events occurring
outside of prophylaxis considered only time periods without prophy-
laxis and the events occurring in that period. Patients could have had
more than one ER if they had periods with and without prophylaxis.

X;Acute Events;

Event Rate = ; I = patient

X;Number of Years;
In the post hoc analysis, ERs were calculated from the subset of events
that occurred while patients were receiving PBT prophylaxis among all
person-years on regular prophylaxis.

Last quarter/year on prophylaxis — first quarter /year on prophylaxis + 1

4
Given the descriptive nature of this study, no formal sample-size

calculations were performed. To strengthen the interpretability of the
results, we targeted 80 patients for inclusion using convenience sam-
pling of all consecutive eligible patients across participating sites (coun-
try targets in Supplementary Methods and Supplementary Table
§2). All analyses were conducted using baseline packages for statistical
analysis in STATA version 17 (StataCorp LLC). Incomplete or missing
information was documented for all study variables where applicable.
Missing data were not imputed. The reporting of this study conforms
to the Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) statement."”

RESULTS

Primary Outcomes
Patient demographics and clinical characteristics: Forty-two sites
across 10 countries were invited to participate in this study. Seven-
ty-eight patients from 9 sites in 7 countries were included in this study.
Of these 78 patients, 61 (78.2%) were female and 50 (64.1%) were
from France (Table 1). Due to the high proportion of participants from
France, some results highlight the France-specific analysis alongside the
overall data. The median (range) age at study index was 28.0 (1-82)
years. The mean (SD) duration of follow-up was 8.1 (3.1) years. The
median (IQR) age at diagnosis was 26.5 (14.5-37.0) years (Table 1).
Diagnosis occurred during childhood (<18 years of age) in 21 (26.9%)
patients. Of the 57 (73.1%) patients who were diagnosed as adults
(218 years of age), 30 (52.6%) were diagnosed during or immediately
following pregnancy. Patients from France had generally similar base-
line characteristics to the overall study population, except that patients
tended to be diagnosed at an earlier age, with a smaller proportion of
patients diagnosed at ages 245 years (Supplementary Table S3).
Initial cT'TP diagnosis was the most common index event in the
overall study population (Table 1), and among patients from France
and Switzerland (Supplementary Table $4). cTTP diagnosis, or cT'TP
diagnosis corresponding with an acute TTP event, were the most com-
mon index events in Spain and the UK. An acute TTP event was the

most common index event in Germany. In the overall population,

Table 1. Demographics, Clinical Characteristics, and Index Events for All Patients and for Those Included in the Post Hoc Analysis*

Characteristics All Patients (N=78) Post Hoc Analysis (n=25)
Sex, n (%)

Female 61 (78.2) 17 (68)

Male 17 (21.8) 8(32)

Median (IQR) [range] age at study index, y

28.0 (21-37.75) [1-82] 23.0 (13-36) [1-67]

Age range at index event, n (%)

<18y 14 (18.0) 10 (40)
18-29y 28 (35.9) 6 (24)
30-44y 25 (32.1) 5 (20)
45-64y 8 (10.3) 3(12)
>65y 3(3.9) 1(4)

Median (IQR) [range] age at diagnosis, y

26.5 (14.5-37.0) [0-67] 8.0 (2.8-33.0) [0-65.3]
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Table 1. Demographics, Clinical Characteristics, and Index Events for All Patients and for Those Included in the Post Hoc Analysis*

Characteristics

All Patients (N =78) Post Hoc Analysis (n =25)

Age range at diagnosis, n (%)

<18y 21 (26.9) 16 (64)
18-29 y 25 (32.1) 2(8)
30-44 y 21 (26.9) 3(12)
45-64y 9 (11.5) 3(12)
265y 2 (2.6) 1 (4)
>18 y during pregnancy 30 (38.5) -
218 y outside of pregnancy 27 (34.6) -
Type of index event, n (%)°
Prophylactic treatment 16 (20.5) 8 (32)
cT'TP diagnosis 35 (44.9) 8 (32)
Acute TTP event 18 (23.1) 4 (16)
TTP manifestation 4(5.1) 4 (16)
cT'TP-related clinical event 5 (6.4) 1 (4)
Country, n (%)
France 50 (64.1) 17 (68.0)
Germany 5 (6.4) 0
[taly 2 (2.6) 1 (4.0)
Spain 6(7.7) 0
Switzerland 6(7.7) 2 (8.0)
United Kingdom 8 (10.3) 4 (16.0)
United States 1(1.3) 1 (4.0)
Race/ethnicity, n (%)
White/Caucasian 25 (32.1) 7 (28)
Black/Afro-Caribbean 2(2.6) 1(4)
Hispanic/Latino 1(1.3) 0
Missing 50 (64.1) 17 (68)
General health risk factors, n (%)°
Underweight (BMI <18.5) 6(9.1) -
Overweight (BMI 25 to <30) 15 (22.7) -
Obese (BMI >30) 8 (12.1) -
Current smoker 12 (15.4) -
Former smoker 6(7.7) -
Drug dependence 2(3.3) -
Alcohol dependence 0 -

Abbreviations: BMI, body mass index (kg/m?*); cT'TP, congenital thrombotic thrombocytopenic purpura; TTP, thrombotic thrombocytopenic purpura.

Information to calculate BMI was missing for 12 patients.

“The post hoc analysis focused on the subset of patients who had similar characteristics to those who received plasma-based therapy prophylaxis in a phase 3 pivotal

trial (NCT03393975).
*Index event definitions are provided in Supplementary Table S1.

“Denominators are 66 for BMI (adult patients aged >20 years), 78 for smoking status, and 60 for drug and alcohol dependence (patients with available data).

prophylaxis initiation was the most common index event among
patients who were diagnosed in childhood (13/21, 61.9%; Figure 1),
whereas for those who were diagnosed in adulthood, the initial cT'TP
diagnosis was the most common index event (32/57, 56.1%). In the
overall study population, 47/78 (60.3%) patients received any prophy-
laxis (Supplementary Table S5). Most patients from France, the UK,
and the US received prophylaxis (34/50 [68.0%], 7/8 [87.5%], and
1/1 [100%], respectively), whereas none of the 5 patients from Ger-
many received prophylaxis.

The diagnosis of cT'TP was confirmed for all patients; for most
patients, confirmation was based on severe ADAMTS13 deficiency

(activity <10 IU/dL, n=67, 85.9%) and/or genetic sequencing (n=49,
62.8%). Six (7.7%) patients had a known family history of cT'TD. Sys-
temic manifestations and prodromes were common at initial presenta-
tion (n=44, 56.4%; Figure 2). Other common clinical presentations
at diagnosis were neurological manifestations (n=26, 33.3%), gastro-
intestinal/hepato-pancreato-biliary manifestations (n=23, 29.5%),
and kidney disease (n=22, 28.2%).

Comorbidity information was available for 60 of 78 patients.
Among these 60 patients with comorbidity data, 43 (71.7%) had at
least 1 co-occurring comorbidity; depression (8/60, 13.3%) and anx-
iety (4/60, 6.7%) were the most frequent. Cardiovascular disorders
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Figure 1. Index Events by Age

Overall population 44.9 (n = 35) 20.5 (n = 16) 23.1 (n = 18)
(N =78)

Age at diagnosis
<18y (n=21)

14.3 (n = 3) 61.9 (n = 13) 14.3 (n = 3)

Age at diagnosis
218 y, during 56.7 (n = 17)
pregnancy (n = 30)

6.7

ez 2000=9) 13.3 (n=4)

3.7(n=1)

Age at diagnosis
218y, outside of 55.6 (n =15) 33.3(n=9)
pregnancy (n = 27)

1
0 10 20 30 40 50 60 70 80 90 100
Proportion of participants (%)

M Diagnosis [ Prophylactic treatment for cTTP B Acute TTP event
M cTTP-related clinical event TTP manifestations

Abbreviations: ¢T'TP, congenital thrombotic thrombocytopenic purpura; TTP, thrombotic thrombocytopenic purpura.

Among the 35 patients for whom ¢TTP diagnosis was the index event, 28 (80.0%) had a concurrent acute TTP event. Diagnosis, acute TTP events, cTTP-related
clinical events, and isolated TTP manifestations were defined as per Supplementary Table S1.

Figure 2. Clinical Signs and Symptoms at cTTP Diagnosis

Systemic manifestations and prodromes

Neurological manifestations
Ophthalmic involvement

Pulmonary involvement
Cardiovascular manifestations

Skin

Kidney disease

Musculoskeletal involvement

o
Category ¢ M)B Symptoms
Systemic manifestations 44 (56.4) DIC; weakness/fatigue; pallor; fever; dyspnea; headache; upper respiratory
and prodromes tract infection
Neurological manifestations 26 (33.3) Headache; dizziness; confusion/agitation; stroke; coma; seizures; febrile

seizures; visual disturbances (phosphenes); TIA; dysphasia; dysarthria;
paranesthesia; paresis; personality change; motor deficit; dysphonia

Gastrointestinal/ 23 (29.5) Abdominal pain; nausea/vomiting; diarrhea; HPB issues; gastrointestinal

hepato-pancreato-biliary hemorrhage

Kidney disease 22(28.2) Serum creatinine >1.5x baseline; proteinuria’hematuria; oliguria; acute
kidney injury

Bleeding 15 (19.2) Epistaxis; intracranial hemorrhage; Gl bleeds; GU bleeds (hematuria);

meno-metrorrhagia; skin hemorrhage; mucosal hemorrhage

Cardiovascular manifestations 12 (15.4) ECG abnormalities; AMI/ischemic heart disease; AF; congestive heart
failure; chest pain; palpitations; arrhythmia; hypertension; vasculopathy;
thrombosis; angina

Skin 5(6.4) Maculopapular rash; ulcer

Ophthalmic involvement 4(5.1) Retinal detachment; retinal hemorrhage; arterial or venous occlusion
Musculoskeletal involvement 3(3.9) Rhabdomyolysis; myalgia

Pulmonary involvement 1(1.3) Pleural effusion; tachypnea; pulmonary edema; embolism

Abbreviations: AF, atrial fibrillation; AMI, acute myocardial infarction; cTTP, congenital thrombotic thrombocytopenia; DIC, disseminated intravascular coagula-
tion; ECG, electrocardiogram; GI, gastrointestinal; GU, genitourinary; HPB, hepato-pancreato-biliary; TIA, transient ischemic attack.

Patients could experience more than 1 symptom.
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and risk factors such as hypertension and hypercholesterolemia were
recorded in 5 (8.3%) and 3 (5.0%) patients, respectively. Two (3.3%)
patients had a history of stroke (information on type not provided).
¢TTP clinical manifestations: Acute TTP events: During fol-
low-up, 92 acute TTP events were recorded in 55 (70.5%) patients.
The majority of events (80 events, 87.0%) occurred in the absence of
prophylactic treatment, whereas 12 (13.0%) events occurred during
prophylaxis exposure periods (Table 2). The mean (SD) number of
acute TTP events per patient was 1.7 (1.5) and the overall ER for acute
TTP events was 0.145 events PPY. ERs were similar for patients who

were younger than 18 years old and those 18 years or older at diagno-
sis (0.125 and 0.155 events PPY, respectively). The rate of acute TTP
events among adult patients who were diagnosed outside pregnancy
was 0.232 events PPY, compared with 0.094 events PPY for patients
diagnosed during or immediately after pregnancy. The ER was 0.050
events PPY (n=47) during periods of prophylaxis and 0.202 events
PPY (n=70) during periods without prophylaxis. For country-specific
context, the ER for acute TTP events for patients from France was
0.095 events PPY, compared with 0.145 events PPY for the overall
study population.

Table 2. Event Rates of cT'TP Clinical Manifestations

Patients®, n

Person-Years®

cTTP Clinical Manifestation

Patients Who Had >1  Events, n Event Rate, PPY
Event, n (%)

Acute TTP Events—Total 78 634.5 55 (70.5) 92 0.145
cTTP prophylaxis during study period

Prophylaxis? 47 238.5 6(12.8) 12 0.050

No prophylaxis 70 396.0 50 (71.4) 80 0.202
Sex

Female 61 497.0 44 (72.1) 63 0.127

Male 17 137.5 11 (64.7) 29 0211
Age at index, y

<18 14 149.3 6 (42.9) 21 0.141

18-29 28 233.5 20 (71.4) 23 0.099

30-44 25 184.8 19 (76.0) 28 0.152

45-64 8 54.3 7 (87.5) 17 0.313

>65 3 12.8 3 (100) 3 0.235
Age at diagnosis, y

<18 21 216.3 9 (42.9) 27 0.125

>18 during pregnancy 30 233.0 21 (70.0) 22 0.094

218 outside pregnancy 27 185.3 25 (92.6) 43 0.232
Time since diagnosis at index, y

<I¢ 56 424.3 46 (82.1) 72 0.170

>l to <5 79.0 1(14.3) 0.051

>5to <10 78.3 3 (42.9) 7 0.089

>10 8 53.0 5 (62.5) 0.170
Diagnosis year

2008 or earlier 23 221.8 9 (39.1) 20 0.090

2009 or later 55 412.8 46 (83.6) 72 0.174
Prior history of acute TTP events?

No acute TTP events before study 58 4425 46 (79.3) 72 0.163

Acute TTP events before study 20 192.0 9 (45.0) 20 0.104
TTP Manifestations—Total 78 634.5 29 (37.2) 64 0.101
Sex

Female 61 497.0 21 (34.4) 45 0.091

Male 17 137.5 8 (47.1) 19 0.138
Age at index, y

<18 14 149.3 8 (57.1) 21 0.141

18-29 28 233.5 10 (35.7) 22 0.094

30-44 25 184.8 7 (28.0) 9 0.049

45-64 8 54.3 4 (50.0) 12 0.221

265 3 12.8 0 0 0.000
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Table 2. Event Rates of cT'TP Clinical Manifestations

Patients®, n  Person-Years® cTTP Clinical Manifestation

Patients Who Had >1  Events, n Event Rate, PPY
Event, n (%)
Time since diagnosis at index’, y
<1 56 424.3 19 (33.9) 38 0.090
>1 to <5 79.0 4(57.1) 6 0.076
>5 to <10 78.3 3 (42.9) 8 0.102
>10 53.0 3 (37.5) 12 0.226
Diagnosis year
2008 or earlier 23 221.8 11 (47.8) 27 0.122
2009 or later 55 412.8 18 (32.7) 37 0.090
Prior history of acute TTP events’
No acute TTP events before study 58 442.5 21 (36.2) 40 0.090
Acute TTP events before study 20 192.0 8 (40.0) 24 0.125

Abbreviations: cT'TP, congenital thrombotic thrombocytopenic purpura; PPY, per person-year; TTP, thrombotic thrombocytopenic purpura.

“For number and type of treatment received, n refers to the number of patients who had 1 or fewer events.

®For each patient, follow-up corresponds to the time between the index and end of study or death, both inclusive. For example, a patient with index in quarter 2 of
2015 who did not die before the end of the study (quarter 4 of 2020) contributed 5.75 person-years in the study.

“Numbers of patients in subgroups do not sum to total (N'=78), as a single patient could have events both while receiving prophylaxis and while not receiving

prophylaxis.

For prophylaxis, only the period in which patients had any prophylaxis (and the events that occurred in that period) was counted. If patients also had a period

without prophylaxis, data were counted in the "no prophylaxis" row.

“Includes patients whose index date preceded their diagnosis.

"History of acute TTP events prior to the study period was only available for 23 patients diagnosed before the study period, among whom the majority (n=20) had

acute TTP events recorded before the study period.

Most acute TTP events (70 events, 76.1%) resolved without
complications. However, 4 (4.3%) resolved with short-term compli-
cations (based on the discretion of the treating physician), 16 (17.4%)
resolved but resulted in organ damage (see below), and 2 (2.2%)
resulted in death. Platelet normalization (platelet count >150000/
pL) occurred for 79 (85.9%) acute TTP events, with counts nor-
malizing within 7 days for 26 (32.9%) events, within 8 to 14 days
for 14 (17.7%) events, and after more than 14 days for 12 (15.2%)
events. Platelet count normalization data were missing for 27 acute
TTP events.

Precipitating factors were recorded for 46 acute TTP events, of
which infection (n=21, 45.7%) and pregnancy (n=17, 37.0%) were
the most common. Presenting symptoms at the time of an acute TTP
event were recorded for 55 patients and were similar to those recorded
at cT'TP diagnosis, with neurological manifestations (n=17, 30.9%),
systemic manifestations and prodromes (n=16, 29.1%), and gastroin-
testinal/hepato-pancreato-biliary manifestations (n=13, 23.6%) most
frequently recorded.

cTTP clinical manifestations: TTP manifestations: Overall,
64 TTP manifestations were recorded in 29 (37.2%) patients, yield-
ing a rate of 0.101 events PPY (Table 2)—lower than the 92 acute
TTP events in 55 patients (0.145 events PPY). The incidence rate of
TTP manifestations was not known, as information on events occur-
ring before study entry was not available for all patients. The majority
(43/64, 67.2%) of the TTP manifestations were recorded in patients
aged younger than 30 years at study index. The mean (SD) number
of TTP manifestations per patient was 2.2 (2.4). For country-specific
context, the ER for TTP manifestations for patients from France was
0.090 events PPY, compared with 0.101 events PPY for the overall
study population.

Thrombocytopenia (defined in Supplementary Table S1) was the
most common clinical presentation for TTP manifestations (n=49,
76.6%; Figure 3), followed by microangiopathic hemolytic anemia

(n=12, 18.8%; defined in Supplementary Table S1), and abdomi-
nal pain (n=10, 15.6%). Pregnancy was associated with 9 (14.1%)
TTP manifestations. Nearly all (n=58, 90.6%) TTP manifestations
resolved clinically, with 16 (27.6%) resolving within 7 days, 7 (12.1%)
resolving within 8 to 14 days, and 1 (1.7%) resolving after more than
14 days. However, time-to-resolution data were missing for 34 TTP
manifestations.

cITP disease-related complications: Organ damage was
reported in 22 (28.2%) patients who experienced 32 acute TTP events
during follow-up. The overall ER for organ damage temporally asso-
ciated with acute TTP events occurring during follow-up was 0.050
events PPY. Most acute TTP events associated with organ damage
occurred in patients aged 30 to 64 years at study index (19/32 events,
59.4%). Patients whose study index date occurred up to and including
1 year since their initial cT'TP diagnosis had the highest ER for organ
damage (0.064 events PPY). Fifteen (19.2%) patients experienced
neurological organ damage at the time of their acute TTP event; 11
(14.1%), 8 (10.3%), and 3 (3.8%) experienced kidney disease, car-
diac damage, and liver damage, respectively. Among the 80 acute TTP
events that occurred in the absence of prophylaxis, 16 (20.0%) resulted
in organ damage. None of the 12 acute TTP events that occurred
during prophylaxis led to organ damage. For country-specific context,
patients from France, the overall ER for organ damage recorded during
acute TTP events was 0.030 events PPY, compared with 0.050 events
PPY for the overall study population.

Of the 15 patients who experienced more than 1 acute TTP
event, 5 experienced organ damage: cardiac damage (3), neurological
damage (4), kidney damage (2), and liver damage (1). Additionally, 22
patients underwent annual organ assessments during the study period.
Six (27.3%) patients reported an organ dysfunction. Ischemia was
the most commonly recorded type of organ dysfunction, affecting 5
(22.7%) patients. No liver impairment was recorded.
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Secondary Outcomes

Treatment patterns in cI'TP: In total, 52 patients received treatment
for 1 or more acute TTP events, with 32 (61.5%) patients receiving 1
treatment for 1 or more of these events (Table 3). The most commonly
administered treatments were plasma exchange (n=30, 57.7%) and
FFP (n=25, 48.1%). Treatments administered for the 4 TTP manifes-
tations that occurred at study index included plasma exchange, plasma
treated with a solvent/detergent process, and hemodialysis.

Post Hoc Analysis
Of the 78 patients included in the study, 25 (32.1%) met criteria sim-
ilar to the patients who received PBT prophylaxis in the phase 3 piv-
otal trial (see Supplementary Methods and Supplementary Figure
§2). Of these 25 patients, 17 (68.0%) were female and the median
(range) age at study index was 23.0 (1-67) years (Table 1). The major-
ity of patients (n=16, 64.0%) were diagnosed in childhood, with
the remaining 9 (36.0%) patients diagnosed in adulthood outside of
pregnancy. Patients contributed to a total of 164.4 person-years of fol-
low-up while receiving regular prophylaxis. In this post hoc analysis,
data from prophylaxis use during pregnancy were excluded, consistent
with this exclusion criterion in the phase 3 pivotal trial.

Nearly all (n=24, 96.0%) of these patients received FFD, while
2 (8.0%) patients received plasma-derived factor VIII-VWEF concen-
trates (including 1 patient who received both; Table 3). The majority
of the patients received prophylaxis every week (n=4, 16.0%) or every
other week (n=14, 56.0%). The median (range) duration of prophy-
laxis use was 6.3 (0.3-12) years. Clinical symptomatology was the most
common reason for starting prophylaxis (n=10, 40.0%), followed by
the frequency of acute TTP events (n=7, 28.0%). During prophy-
laxis, 18 (52.9%) treatments were interrupted or stopped for reasons

including complications or adverse events, suboptimal clinical benefits,
or switching to different regimens.

In total, 4 (16.0%) patients experienced 9 acute TTP events while
receiving regular prophylaxis, yielding a rate of 0.0548 events PPY.
Infection was the precipitating factor for 5 of these events, with no
precipitating factor recorded for the remaining 4 events. Among the
9 acute TTP events, gastrointestinal-related symptoms were the most
common presenting symptom (5 events), followed by systemic mani-
festations (3 events). Purpura/bruising/petechiae due to thrombocyto-
penia was recorded for 2 events.

DISCUSSION

This large, multinational, retrospective cohort study demonstrated the
substantial disease and treatment burden for individuals with ¢TTP.
Despite the hereditary nature of this condition, nearly three-quarters of
patients were not diagnosed until adulthood, including 35% diagnosed
in adulthood outside of pregnancy. These patterns of delayed diagnosis
reflect those observed previously in registry-based studies of patients
with ¢cT'TP in the United Kingdom and France.*'® Given that diagnosis
often results in the initiation of prophylactic therapy, late recognition
of cT'TP may lead to poor long-term health outcomes such as end-or-
gan damage, as observed in this study.®

Acute TTP events affected the majority of our cohort during fol-
low-up. The incidence of acute TTP events appeared lower during peri-
ods of prophylaxis than during periods without prophylaxis, although
no statistical assessment was performed (0.050 and 0.202 events PPY,
respectively). Although the magnitude of this difference may appear
small, small absolute differences in acute TTP event rates can have sig-
nificant benefit, as these events may be associated with organ damage

Figure 3. Clinical Presentation of TTP Manifestations (N = 64)
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Abbreviations: TTP, thrombotic thrombocytopenic purpura; MAHA, microangiopathic hemolytic anemia.

Patients could experience more than 1 sign/symptom during a TTP manifestation.

*Other: bruise (n=1); fatigue, general malaise (n=1); febricula, asthenia, intrabuccal hemorrhagic bubbles (n=1); fever (n=1); hematomas (n=1); petechiae (n=>5);
petechiae bruising (n=1); right posterior sylvian infarction (n=1); swelling and tingling of extremities (n=1); weariness (n=1); missing information (n=1); motor

symptoms (n=1); increased creatinine (n=1); dysarthria (n=1).
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Table 3. cTTP Treatment Patterns

Treatments administered during acute TTP events®* (N =52) n (%)
Treatment types received per acute TTP event
1 32 (61.5)
2 18 (34.6)
3 7 (13.5)
Types of treatments received during acute TTP events
Plasma exchange 30 (57.7)
Fresh frozen plasma 25 (48.1)
Hemodialysis 1(1.9)
Other 31 (59.6)
Treatments received during regular prophylaxis in the post hoc analysis*® (N =25) n (%)
Types of prophylaxis treatment
Fresh frozen plasma 24 (96.0)
FVIII products 2 (8.0)
Prophylaxis treatment frequency
Once weekly 4 (16.0)
Every other week, every 14 days, or every 15 days 14 (56.0)
Every 3 weeks, or every 21 days 5 (20.0)
Once per month 2 (8.0)
Other® 4 (16.0)

Abbreviations: cT'TP, congenital thrombotic thrombocytopenic purpura; FVIIL, factor VIIL; TTE thrombotic thrombocytopenic purpura.

‘N and n refer to the number of patients. Patients can have more than 1 type of treatment and/or more than 1 frequency. Percentages do not necessarily add to 100.

*The post hoc analysis focused on the subset of patients who had similar characteristics to those who received plasma-based therapy prophylaxis in a phase 3 pivotal

trial (NCT03393975).

Other frequencies (all n=1) were every 22 days, every 3 weeks then 2 then 3, every 2-3 weeks, and bimonthly since January 2005.

and a high burden on patients’ overall health. More modest trends were
observed by the International Hereditary TTP Registry, which reported
rates of 0.36 vs 0.41 events PPY with vs without prophylaxis, respec-
tively, in patient data from August 2018 to December 2019.% However,
a more recent, longer-term analysis of that registry (2006 to December
2021) revealed a much more pronounced difference, with Schraner et
al reporting that the incidence of acute TTP events was approximately
halved during periods of prophylaxis exposure (0.272 [95% CI, 0.231-
0.319] PPY) vs non-exposure (0.520 [0.402-0.663] PPY)."” Similarly,
in an analysis of the French Thrombotic Microangiopathy Registry,
prophylaxis was associated with a marked improvement in relapse-free
survival among patients with cTTP'® Differences in absolute rates of
acute TTP events between studies may be due to differences in how
acute TTP events are defined. However, results from multiple studies
suggest a role of prophylaxis in reducing the risk of acute TTP events.

Clinical trials have similarly reported on the rate of acute TTP
events during regular PBT prophylaxis. When controlling for patient
characteristics and definition of an acute TTP event in the post
hoc analysis of the present study, the acute TTP ER appeared simi-
lar between patients receiving regular PBT prophylaxis in this study
(0.0548 events PPY) and the ER observed in patients in the standard
therapy arm in a phase 3 clinical trial (0.05 events PPY)."® Although
these data are consistent with reduced acute TTP event rates during
periods of prophylaxis, these rates were not statistically compared with
periods without prophylaxis.

The clinical consequences of acute TTP events recorded in this
cohort study were medically significant and systemic, including organ
damage and sometimes death. The most common types of organ
damage were neurological, renal, and cardiac. Importantly, no acute
TTP events resulted in organ damage among the subgroup of patients

receiving regular prophylaxis in the post hoc analysis. In a Japanese
cTTP registry-based study, renal impairment, followed by stroke, were
the most common types of long-term organ damage among patients
with ¢T'TD with cardiac hypofunction also reported.® Other studies
have reported rates of 25% to 31% for ischemic stroke/transient isch-
emic attack in patients with cTTR%”* often occurring at early ages.”?**
Findings on long-term organ damage should be interpreted with cau-
tion due to the small number of patients who underwent annual organ
assessments during follow-up.

Depression was the most common comorbidity, consistent with
prior reports of a high prevalence and impact of depression and other
mental health issues among people with cTTR.'#*'** Considering that
these data were based on medical records primarily from hematology
specialist centers, without the aid of quality-of-life or other validated
instruments for collecting patient-reported outcomes, it is likely that
the prevalence of depression and other mental health issues were under-
estimated. Reasons for the high prevalence of mental health issues
among patients with ¢T'TP were not ascertained in this study. Possi-
ble reasons could be a high psychosocial burden of ¢T'TE which may
result from the deleterious effects of acute TTP events, or the treatment
burden of lifelong, regularly administered prophylactic infusions. As
pregnancy is a common precipitating factor for acute TTP events,” the
disease burden patients experience may be particularly compounded
during this vulnerable period. These findings highlight a need for more
research on the impact of cT'TP on mental health and quality of life.

Over one-third of patients had TTP manifestations, the most
common being thrombocytopenia. This finding reflects the central
role of platelet consumption and platelet-rich microthrombi in the
pathophysiology of ¢T'TP? The most common symptoms observed
in this study were non-overt, such as abdominal pain, lethargy, and
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headaches. Combined data from the UK TTP Registry and the South
East England Registry for TTP suggest that non-overt symptoms do
not necessarily occur alongside clinical and laboratory features of TTPS
These prior registry data are consistent with lower acute TTP event rates
and improved outcomes during periods of prophylaxis compared with
periods without prophylaxis, although these observational comparisons
remain vulnerable to confounding and selection bias.® Although not
evaluated in the present study, the observed rates of acute TTP events
and TTP manifestations, and the high prevalence of comorbidities are
expected to be associated with high economic burden and impacts on
quality of life.

In the post hoc analysis of patients receiving regular prophylaxis,
most patients received PBT prophylaxis every 1 or 2 weeks, similar
to prior registry studies.*”?” However, most treatments were stopped
or interrupted, largely due to complications or suboptimal clinical
benefit. This is consistent with a prior real-world study in which 35%
of patients receiving FFP prophylaxis experienced treatment-related
adverse events.'® PBTs are known to have several treatment limitations.
They must be administered in a clinical setting and are associated with
large infusion volumes that are time-consuming to administer and may
cause volume overload, particularly in patients with cardiac or kidney
impairment.>"> PBTs also carry a risk of allergic reactions, including
anaphylaxis, and potential pathogen transmission.>** Although
premedication with anti-allergic agents and steroids can reduce the
risk of allergic reactions, some patients still experience them despite
premedication.?®* This suggests a need for alternative ADAMTS13
replacement therapies that can more effectively address the underlying
ADAMTS13 deficiency for both short- and long-term disease control.

At the time of data collection, PBT treatment was considered
standard of care. However, guidelines published in 2025 by the Inter-
national Society on Thrombosis and Haemostasis recommend that
patients with cTTP receive prophylaxis to prevent acute TTP events
and minimize symptom burden, with recombinant ADAMTS13
(rtADAMTS13) recommended over PBT to prevent acute TTP events
for patients who are in remission.”*® This recommendation was based
on interim data from a phase 3 clinical trial in which rADAMTS13
provided higher peak levels and higher overall ADAMTS13 activity
exposure compared with PBTs.' Future developments may include
specific recommendations for pediatric patients, and further research
on the long-term effectiveness of rADAMTS13, particularly with
respect to disease-related long-term organ damage, and treatment and
healthcare burden over the course of a lifetime.

Strengths of this observational study include the substantial sam-
ple size relative to the rare cTTP population and the long follow-up
period. However, this study has limitations, including potential bias,
missing data, and confounding factors. Firstly, participants were
selected based on convenience sampling, and most participating sites
were academic centers. Therefore, patients may have more severe dis-
ease courses with more organ damage compared with the general cT'TP
population. Immortal time bias could also have arisen because some
patients commenced prophylaxis after the study was initiated, limiting
the time period during which adverse outcomes could have occurred.
Information bias may have resulted from the broad definition of index
events, which could increase heterogeneity in baseline disease risk.
Secondly, the retrospective, noninterventional study design impacts
data completeness, as raw data captured by sites were not prospectively
determined or mandated. A third key limitation is the potential for
confounding. No adjustment was made for confounders or time-vary-
ing exposures (such as prophylaxis), which would limit causal interpre-
tation. There was also substantial missing data on race/ethnicity due to
country-specific restrictions on collecting ethnicity data in France. As
inferential analyses were not conducted, formal comparisons could not

be made between subgroups, including comparing periods of prophy-
laxis to periods without prophylaxis. Also, the post hoc analysis was
conducted on a subset of patients meeting the entry requirements of
the cT'TP rADAMTSI13 phase 3 trial'®; therefore, the results cannot
be directly compared with the overall cohort. Finally, the data span of
2009 to 2020 may limit generalizability to the present day.

Most patients in this study were from France and treated accord-
ing to the standards recommended by the French Reference Center
for Thrombotic Microangiopathies (CNR-MAT). Therefore, patients
treated according to these recommendations are expected to be broadly
representative of patients with ¢TTP across the whole of France.”
However, treatment practices in France may differ from other coun-
tries, as France has a centralized model of care with structured lon-
gitudinal follow-up, and historically high uptake of prophylaxis, par-
ticularly during high-risk periods such as pregnancy.’®**® This could
have led to a higher than expected rate of prophylaxis use and possi-
bly lower rates of acute TTP events, TTP manifestations, and organ
damage, compared with less-treated populations in other geographies.
It should also be noted that all the participants in this study were in
Europe or the United States, and generalizability to countries outside
these regions may be limited. Therefore, additional research to assess
the global burden of cTTP is warranted. Studies using medical infor-
mation from multinational populations could further illustrate the
ways in which ¢T'TP impacts patients and health systems.

In conclusion, in this multinational, retrospective, longitudinal
cohort, individuals with ¢cT'TP experienced a sustained and substantial
burden of disease and treatment despite long-term plasma-based pro-
phylaxis. Our findings are consistent with lower observed acute TTP
event rates during periods of PBT prophylaxis, while also highlighting
the limitations of PBT in preventing ongoing manifestations, cumu-
lative organ damage, and the logistical and safety burdens associated
with repeated plasma infusions. Overall, this study suggests that more
effective treatments may be needed.

Acknowledgments: The authors would like to acknowledge Marfa José Aragon
from HCD Economics; Louisa Keogh from the UK perspective; and Erika Tar-
asco from Bern University Hospital, University of Bern, for their contributions
to the study. Under the direction of the authors, medical writing support was
provided by Susan Tan, PhD, CMPP, an employee of Envision Catalyst, an
Envision Medical Communications agency, a part of Envision Pharma Group,
and was funded by Takeda Development Center Americas, Inc., Cambridge,
Massachusetts, USA.

Disclosures: P.C. has received speaker fees and advisory board honoraria from
Alexion, Janssen, Novartis, Sanofi, and Takeda. M.S. has received speaker fees
and advisory board honoraria from Octapharma, Sanofi, and Takeda, and
research grants from Alexion, Baxalta (a Takeda company), and Shire (a Takeda
company). J.A.K.H. has received speaker fees and advisory board honoraria from
Sanofi and Takeda, and research grants from Baxalta (a Takeda company). B.S.].
is a member of the French advisory boards for Alexion and has received speaker
fees from Sanofi and Takeda. A.V. is a member of the French Advisory boards for
caplacizumab (Sanofi) and recombinant ADAMTS13 (Takeda). PD. and B.M.
are employees of Takeda Development Center Americas, Inc., and were stock-
holders of Takeda at time of study. PP, L.T.W.,, H.E, and R.S. are employees of
Takeda Development Center Americas, Inc., and stockholders of Takeda.

Funding: The study was funded by Takeda Development Center Americas,
Inc., Cambridge, Massachusetts, USA.

Ethics Approval and Consent to Participate: The study was conducted in
accordance with the Declaration of Helsinki, and followed the Guidelines for

Good Pharmacoepidemiology Practices, recommended by the International

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH



Coppo P, et al.

65

Society for Pharmacoepidemiology. Institutional review board/independent

ethics committee approval was obtained from each participating study site as

required by local regulations. Written informed consent or a waiver of informed

consent was obtained as applicable and in accordance with the requirements of

the relevant ethical committees in each country.

Availability of Data and Material: Data sets supporting the results from this

study are available from the corresponding author upon reasonable request.

The data sets will be provided after de-identification, in compliance with

applicable privacy laws, data protection, and requirements for consent and

anonymization.

REFERENCES

10.

11.

12.

Kremer Hovinga JA, Coppo P, Limmle B, Moake JL, Miyata T,
Vanhoorelbeke K. Thrombotic thrombocytopenic purpura. Nar
Rev Dis Primers. 2017;3:17020. doi:10.1038/nrdp.2017.20
Sakai K, Matsumoto M. Clinical manifestations, current and
future therapy, and long-term outcomes in congenital throm-
botic thrombocytopenic purpura. J Clin Med. 2023;12(10):3365.
doi:10.3390/jem12103365

Dong JE Moake JL, Nolasco L, et al. ADAMTS-13 rapidly
cleaves newly secreted ultralarge von Willebrand factor multim-
ers on the endothelial surface under flowing conditions. Blood.
2002;100(12):4033-9. doi:10.1182/blood-2002-05-1401
Kremer Hovinga JA, George JN. Hereditary thrombotic throm-
bocytopenic purpura. N Engl | Med. 2019;381(17):1653-1662.
doi:10.1056/NEJMral813013

Seidizadeh O, Cairo A, Mancini I, George JN, Peyvandi E Global
prevalence of hereditary thrombotic thrombocytopenic purpura
determined by genetic analysis. Blood Adv. 2024;8(16):4386-
4396. doi:10.1182/bloodadvances.2024013421

Alwan F, Vendramin C, Liesner R, etal. Characterization and treat-
ment of congenital thrombotic thrombocytopenic purpura. Blood.
2019;133(15):1644-1651. doi:10.1182/blood-2018-11-884700
Borogovac A, Reese JA, Gupta S, George JN. Morbidities and
mortality in patients with hereditary thrombotic thrombocyto-
penic purpura. Blood Adv. 2022;6(3):750-759. doi:10.1182/
bloodadvances.2021005760

Tarasco E, Biitikofer L, Friedman KD, et al. Annual incidence and
severity of acute episodes in hereditary thrombotic thrombocyto-
penic purpura. Blood. 2021;137(25):3563-3575. doi:10.1182/
blood.2020009801

van Dorland HA, Taleghani MM, Sakai K, et al. The Interna-
tional Hereditary Thrombotic Thrombocytopenic Purpura Reg-
istry: key findings at enrollment until 2017. Haematologica.
2019;104(10):2107-2115. doi:10.3324/haematol.2019.216796
Peyvandi F, Mannucci PM, Valsecchi C, Pontiggia S, Farina
C, Retzios AD. ADAMTSI13 content in plasma-derived fac-
tor VIII/von Willebrand factor concentrates. Am J Hematol.
2013;88(10):895-898. doi:10.1002/ajh.23527

Scully M, Gattens M, Khair K, Liesner R. The use of inter-
mediate purity factor VIII concentrate BPL 8Y as prophy-
laxis and treatment in congenital thrombotic thrombocy-
topenic  purpura. Br ] Haematol. 2006;135(1):101-114.
doi:10.1111/j.1365-2141.2006.06264.x

Scully M, Rayment R, Clark A, et al. A British Society for Hae-
matology Guideline: Diagnosis and management of thrombotic
thrombocytopenic purpura and thrombotic microangiopathies.

Br ] Haematol. 2023;203(4):546-563. doi:10.1111/bjh.19026

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Zheng XL, Vesely SK, Cataland SR, et al. ISTH guidelines for
treatment of thrombotic thrombocytopenic purpura. J Zhromb
Haemost. 2020;18(10):2496-2502. doi:10.1111/jth.15010
Matsumoto M, Miyakawa Y, Kokame K, et al. Diagnostic and
treatment guidelines for thrombotic thrombocytopenic purpura
(TTP) in Japan 2023. Int | Hematol. 2023;118(5):529-546.
doi:10.1007/s12185-023-03657-0

Scully M, Cataland S, Coppo D, et al. Consensus on the standard-
ization of terminology in thrombotic thrombocytopenic purpura
and related thrombotic microangiopathies. / Zhromb Haemost.
2017;15(2):312-322. doi:10.1111/jth.13571

Scully M, Antun A, Cataland SR, et al. Recombinant ADAMTS13
in congenital thrombotic thrombocytopenic purpura. NV Engl |
Med. 2024;390(17):1584-1596. doi:10.1056/NEJMoa2314793
Vandenbroucke JB von Elm E, Altman DG, et al
Strengthening  the  Reporting  of ~ Observational ~ Stud-
ies in Epidemiology (STROBE): explanation and elab-
oration. Ann  Intern  Med.  2007;147(8):W163-W194.
doi:10.7326/0003-4819-147-8-200710160-00010-w1

Joly BS, Joseph A, Bouzid R, et al. Optimizing ADAMTS13 pro-
phylaxis to reduce relapse and organ failure in congenital throm-
botic thrombocytopenic purpura. Blood Adv. 2025;10(5):1831-
1842. doi:10.1182/bloodadvances.2025017638

Schraner M, Tarasco E, Stalder O, et al. Value of prophylactic
plasma treatment and incidence of acute episodes in patients
enrolled in the International Hereditary Thrombotic Throm-
bocytopenic Purpura Registry. Blood. 2023;142(suppl 1):691.
doi:10.1182/blood-2023-184580

Sakai K, Fujimura Y, Miyata T, Isonishi A, Kokame K, Matsu-
moto M. Current prophylactic plasma infusion protocols do
not adequately prevent long-term cumulative organ damage in
the Japanese congenital thrombotic thrombocytopenic purpura
cohort. Br ] Haematol. 2021;194(2):444-452. doi:10.1111/
bjh.17560

Borogovac A, Tarasco E, Kremer Hovinga JA, et al. Prevalence of
neuropsychiatric symptoms and stroke in patients with hereditary
thrombotic thrombocytopenic purpura. Blood. 2022;140(7):785-
789. doi:10.1182/blood.2022016044

Upreti H, Kasmani J, Dane K, et al. Reduced ADAMTS13
activity during TTP remission is associated with stroke in TTP
survivors.  Blood.  2019;134(13):1037-1045.  doi:10.1182/
blood.2019001056

Oladapo AO, Ito D, Hibbard C, Bean SE, Krupnick RN,
Ewenstein BM. Patient experience with congenital (hereditary)
thrombotic thrombocytopenic purpura: a conceptual frame-
work of symptoms and impacts. Patient. 2019;12(5):503-512.
doi:10.1007/s40271-019-00365-y

Reutter JC, Sanders KE, Brecher ME, Jones HG, Bandarenko N.
Incidence of allergic reactions with fresh frozen plasma or cryo-su-
pernatant plasma in the treatment of thrombotic thrombocyto-
penic purpura. J Clin Apher. 2001;16(3):134-138. doi:10.1002/
jca.1025

Zheng XL, Al-Housni Z, Cataland SR, et al. 2025 focused
update of the 2020 ISTH guidelines for management of
thrombotic thrombocytopenic purpura. J Zhromb Haemost.
2025;23(11)3711-3732. doi:10.1016/j.jtha.2025.06.002

Story CM, Mazepa MA, Chaturvedi S. Updated ISTH throm-
botic thrombocytopenic purpura guidelines 2025; a bridge to
the future for congenital thrombotic thrombocytopenic purpura.
J Thromb Haemost. 2025;23(11):3437-3440. doi:10.1016/j.
jtha.2025.07.041

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH



66 Coppo P, et al.

27. Maladies Rares Immuno-Hématologiques (MaRIH). 28. Beranger N, Coppo P, Tsatsaris V, et al. Management and fol-
Centre of reference for thrombotic microangiopathies. low-up of pregnancy-onset thrombotic thrombocytopenic pur-
Accessed May 18, 2026. https://marih.fr/groupe-experts/ pura: the French experience. Blood Adv. 2024;8(1):183-193.
centre-of-reference-for-thrombotic-microangiopathies/?lang=en doi:10.1182/bloodadvances.2023011972

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH



