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tract
ctive: This study aimed to investigate the clinical manifestations, treatment patterns and clinical outcomes
patients with iTTP across Tiirkiye via an interim analysis of the Turkish iTTP registry.

Materials and Methods: A total of 215 patients with iTTP (median age at diagnosis 41 years, 58.6% female)
diagnosed between 2001 and 2023 were retrospectively analyzed in the interim analysis of the prospective non-
interventional observational multicenter iTTP registry study conducted at 19 tertiary hematology centers. Data
on patient demographics, disease characteristics on initial admission, treatment characteristics, and responses,
exacerbations/relapses, and the survival outcome were registered via electronic case report forms.



Results: Infection (15.0%), new drug initiation (9.7%), and pregnancy/postpartum (6.3%) within 3 weeks before
diagnosis were the most prevalent potential triggers. Patients presented more commonly with
systemic/constitutional (fatigue 68.8%; fever 18.1%) and neurologic (headache 40.0%, vertigo 32.1%), followed
by hemorrhagic, gastrointestinal, renal, and cardiovascular manifestations. Based on the PLASMIC risk scoring,
77.8% of patients were initially at high risk for TTP. The initial treatment was commenced within the first 48
hours of hospital admission in 64.1% of patients (36.2% on the day of admission). Treatment was mainly based
on TPE exchange (92.1%) and steroids (63.7%), while rituximab was used in 15.8% of patients. The clinical
response rate was 79.9%, and clinical remission was achieved in 68.2% of patients. As for the ADAMTS13
levels, partial and complete responses were achieved in 17.7% and 14.6%, respectively. During a median of 30
months (range, 0.1 to 262.4 months) follow-up, 35 patients experienced exacerbations/relapses. Mortality
occurred in 11 (5.5%) patients and was found to be disease-related in 6 (3.0%).

Conclusion: This interim analysis of the nationwide Turkish iTTP registry study provided valuable data on
real-world clinical practice in the diagnosis and management of iTTP at different hematology clinics aesess t
country.

Keywords: Thrombotic thrombocytopenic purpura; Acquired thrombotic disorders, Acquired plat
Autoimmune disorders, Apheresis

Introduction
Thrombotic thrombocytopenic purpura (TTP) is a type of thrombotic microangiopath characterized by
of microangiopathic hemolytic anemia, thrombocytopenia, and ischemic organ dys results from
either congenital or acquired decrease of von Willebrand factor (vVWF)-cleaving prote TS13 (a
disintegrin and metalloproteinase with a thrombospondin type 1 motif member 13). Acq TP is caused by
autoantibodies targeting ADAMTS13, and shows a heterogeneous clinicalipresentation depending on the end-
organ ischemic damage (1-5).

The diagnosis of TTP is based on clinical presentation and laboratory
documentation of decreased ADAMTSI13 activity, which is low

confirmed by the
ost cases (6-8). Timely
omultiorgan failure and death in
90% of untreated cases, whlle the mortality rate decr ases to the proper treatment (1,7,9,10).
The mainstay therapeutic approach consists of thera ge (TPE) to replenish functional
ADAMTS13 and remove vWF autoantibodies, and i therapy to suppress anti-ADAMTS13
autoantibodies. However, despite the provision o treatment, the usual clinical course involves acute
episodes, exacerbations (30-50%), and relapses erable proportion of patients (11-14).
Caplacizumab is a humanized antibody fragme the A1 domain of vWF, preventing its interaction
with the platelet glycoprotein Ib-IX-V recepte g microthrombi formation. After the phase III study
episodes resulted in faster normalization of platelet
count and lower risk of TTP-associatex plicdtions, death, and relapse compared to not receiving
caplacizumab, the drug was app ] fthe first step treatment as an adjunct to TPE and corticosteroids
(15).
The TTP registries created are considered to enable a better understanding of the pathophysiology of
TTP, allowing a 51gn1ﬁcan
two studies of the nationa
presumptive diag
conducted by the
study (n=154gin

ective Turkish TMA registry in patients who were referred for TPE with a

'M available ADAMTSI13 activity/anti-ADAMTS13 antibody levels were
ematology Research and Education Group (ThREG), including the ThHREG-TMAO1

REG-TMAO?2 study (n=80, in 2022). These studies revealed the presence of TTP

P in 29(36.2%) patients in the registry, respectively (20,21).

P. This study aimed to investigate the clinical manifestations, treatment patterns, and
patients with iTTP in the real-world setting.

sis of this real-world prospective non-interventional observational multicenter Turkish iTTP registry study
icalTrials.gov Identifier: NCT05950750) conducted at 19 tertiary hematology centers across Tiirkiye in
laboration with the Turkish Society of Hematology. Patients with new or former iTTP diagnosis, those with
available data on their initial episodes at diagnosis and confirmed ADAMTS 13 activity of <10% and the
autoantibody positivity demonstrated at a central laboratory were included. The study was planned as a 5-year
follow up study involving the time period between February 2023 to February 2027. This paper presents a
preliminary interim analysis of baseline and 1-year patient follow-up data in the registry.

This study was conducted under the ethical principles stated in the “Declaration of Helsinki” and approved by
the Baskent University Ankara Hospital Clinical Research Ethics Committee (Date of Approval:22/04/2022,

(




Protocol No: 22/25) and the Republic of Tiirkiye Ministry of Health Turkish Medicines and Medical Devices
Agency (Date of Approval: 21/12/2022, Protocol No: E-66175679-514.05.02-960200). Data was recruited via
electronic case report forms.

Assessments

Data on patient demographics, family history, comorbid/associated conditions, potential triggers within 3 weeks
before iTTP diagnosis, and the presenting symptoms and clinical manifestations, and laboratory findings on
initial admission were recorded in each patient. The treatment characteristics and treatment response, the
exacerbation/relapse frequency, and the survival outcome were also evaluated.

Definitions

Clinical response was defined as a sustained platelet count >150x10°L and lactate dehydrogenase (LDH) <1,
times the upper limit of normal (ULN), with no clinical evidence of new or progressive ischemic organ injuy
Clinical remission was defined as a sustained clinical response with either no TPE and no anti-vWF therap
caplacizumab) for >30 days, or with the attainment of ADAMTS13 remission (partial or complete), whiehe
occurs first. Partial ADAMTS13 remission was considered when ADAMTS13 activity ranged from

characterized by a decrease in platelet count to <150x 10%/L (with other causes of thromboc
with or without clinical evidence of new or progressive ischemic organ injury, within 30.da

of thrombocytopenia ruled out), with or without clinical evidence of new ischemi
by documentation of severe ADAMTS13 deficiency (22).
Statistical analysis

range (IQR), and percent (%) where appropriate.
Results

The median age of patients at diagnosis was 41(range 16-73 sf andffemales comprised 58.6% of the study
population. Non-O blood groups were noted in 65.4 ile comorbid autoimmune disease was
noted in 7.4%. Previous history for malignancy (1.9%
than 3% of patients. Considering potential trigger; i before the diagnosis, infection was the leading
factor (15.0%), followed by new drug initiation 9. ancy/postpartum (6.3%). The clopidogrel,
cyclosporin, and quinine usage rates within the
respectively (Table 1).

Presenting symptoms and clinical man

gastrointestinal (vomiting: 25 bdominal’pain: 19.1%), and less commonly by renal (acute kidney injury
ertension: 16.7%) manifestations (Table 2).
Laboratory findings at the ]
Median(range) hemoglobi at the time of initial diagnosis were 9.2(3.9-15.7) g/dL, serum LDH was

d schistocyte count per area on peripheral smear(PS) was 6.0(2-25). The
PLASMIC score i .0) at the time of initial diagnosis revealed that 77.8% of patients were at high risk for

TTP (Table

as commenced within the first 48 hours of hospital admission in 64.1% of patients (on the
.2%), which was mainly based on TPE exchange(92.1%), steroids(63.7%),
therapy(20.9%, [rituximab in 15.8%]), antiplatelet/anticoagulant/thrombolytic

%). Supportive treatment with erythrocyte and thrombocyte transfusions was given in 31.2% and

inical response was achieved by 79.9% of patients, including the clinical remission in 68.2%, with partial
MTS13 response in 17.7% of patients and complete ADAMTS13 response in 14.6% of patients (Table 4).
ring a median of 30(0.1-262.4) months follow-up, 35(16.3%) exacerbations/relapses were identified in 215
registry patients. Laboratory findings during acute exacerbations/relapses were consistent with a median platelet
count of 23(14.8-37.5)x10%/L, hemoglobin 10.3(9.3-11.6) g/dL, WBC count 9.1(7.1-12.2) x 10%/L, schistocyte
count 5(3.8-7.3) per area on PS and LDH 579(358-1143) IU/L, total bilirubin 1.6(0.8-1.0) mg/dL. Mortality
occurred in 11(5.5%) patients and was found to be disease-related in 6 (3.0%) patients. Two and 4 patients had
relapse and refractory disease, respectively at the time of death. In these patients, the main reasons for death



were sepsis, multiorgan failure, and respiratory failure. The known reasons for death in patients at clinical
remission were progression of multiple myeloma, COVID-19 pneumonia, and gastric carcinoma.

Discussion

This interim analysis of the nationwide Turkish iTTP registry study provided valuable data on the real-world
clinical practice in diagnosis and management of iTTP at different hematology clinics across Tiirkiye. The
findings are consistent with results of the previous registries in iTTP patients in terms of a female preponderance
(~2-fold) and a clinical course characterized by a relapsing tendency and a life-threatening potential despite
appropriate treatment. On the other hand, data revealed less mortality (5.5% compared to 8-15%) and lower
exacerbation/relapse (16.3% compared to 30-50%) (17-19, 23,24).

Patients in the registry appeared to present more commonly with constitutional and neurologic manifestatio
addition to gastrointestinal and hemorrhagic, and less commonly with renal and cardiovascular manifestatio
Likewise the Milan TTP Registry reported a high frequency of systemic (72%), bleeding (68%) and

and minor (26%) neurologic findings, and fever (10%) (19). Other studies also indicated th
symptoms in patients involve fatigue, dyspnea, petechiae, or bleeding secondary to thromboc

and highly heterogeneous in our patients, including headache and vert
manifestations, followed by dysarthria, paresthesia, motor loss, pe
i cal picture of iTTP, with at least
60% of patients having wide-spectrum neurologic symptoms entdtion (1,5, 26-28). In our cohort, renal
involvement included AKI in 15.9% of patients. In ¢ i
presents predominantly with AKI, kidney impairmen
iTTP. AKI has been reported in up to 27% of pati
diagnosis of iTTP (1,5,30). Cardiac manifestati
heart disease, and ECG abnormality, supportln
Indeed an elevated serum troponin 1s cons

be mild and transient in the setting of

P, emphasizing that its absence does not exclude
s included hypertension, chest pain, ischemic
od of cardiac involvement in patients with iTTP.
gnostic marker and an independent predictor of
oriness to treatment in patients with TTP.

The clinical manifestations in our cohatt en e the critical role of a high clinical suspicion in adequate
diagnosis of iTTP, given that pati C ith' a myriad of signs and symptoms of varying type and severity
(1, 30).

In addition to the manlfes
comorbid/associated eli itions or triggers of TTP (5,13,32). The most common triggers for

n causing iTTP in previous studies include infections, autoimmune diseases,
, trauma, a wide range of drugs, pancreatitis, cancers, and organ transplantation
gers for TTP occurrence were identified in at least 40% of our patients, such as
g rtum period, starting a new medicine, surgery, and clopidogrel, cyclosporin, or
orbid autoimmune disease was evident in 7.4% of patients. Besides the leading role of
ceks before the diagnosis (15%) as a precipitating factor, almost 17% of our patients also
ithapper respiratory tract infection or flu-like syndrome at the time of initial diagnosis. Similarly,
Milan TTP registry revealed that infections (27%) were the most prevalent triggers among
ers of acute episodes occurring within three months before disease onset (18). The history of
cy (1 hairy cell leukemia, 1 multiple myeloma, 2 basal cell carcinoma), organ (1 renal transplantation),
tem cell transplantation (1 Autologous stem cell transplantation for multiple myeloma) was evident in less
t % of our patients. These patients were not regarded to have cancer- and organ transplantation-associated

P because they had anti-ADAMTS13 antibodies. Cancer and transplantation-associated TTP are considered

to have unique characteristics that differ from other TTP forms, such as presenting equally in men and women at
an older age of onset, no relation to an immune-mediated ADAMTS13 deficiency, and a worse prognosis
(8,13,39).

infection,
quimne

Considering the potential non-modifiable risk factors for iTTP (Sex, age, and blood group), ~60% of our patients
were females and less than 5% of our patients were in the >65 years age group, while non-O blood groups (blood



type A in 42.8%) were noted in 65.4% of patients. Female sex and non-O blood groups were considered among
the potential non-modifiable risk factors for iTTP (37). Approximately 2-fold increased risk of relapse has been
documented in patients with non-O blood groups, while group A blood type was considered a risk factor for
initial presentations (40,41). Also, the clinical outcomes and disease burden in iTTP patients are suggested to
worsen with increasing age, and the higher mortality rates in older versus younger patients with iTTP have been
linked to the higher prevalence of multimorbidity and polypharmacy in older patients (7,42,43).

Given the heterogeneous clinical manifestations of the disease, laboratory evaluation plays a critically important
role in diagnosing TTP (1). The laboratory diagnostic work-up in the present registry seems consistent with the
proposed diagnostic requirements such as microangiopathic hemolytic anemia and thrombocytopenia. Also, t
PLASMIC risk scoring at the time of initial diagnosis revealed that 77.8% of patients had scores of 6-7,
indicating that they were at high risk for TTP (44,45). Hence, the prevalent use of the PLASMIC score acro
clinics that participated in the registry seems notable in terms of its potential help in making a presump
diagnosis of TTP in the appropriate clinical setting (44,45).

Based on the potential of TTP for rapid clinical deterioration and early mortality, commencin
possible after the suspected diagnosis is crucial, and thus empiric treatment with TPE is oft befo
conﬁrmatlon of dlagnos1s (1-3,17,46). However, TTP care in a real world settmg 1s conside ¢ discordant

Australian registry
in 51% of patients

delayed treatment (> 48 hours of admission) was noted in 35.8% of pa
with 67 TTP patients, TPE exchange therapy was commenced on the da

world setting, a significant delay (Initiation of TPE > 8 hours of admi snoted in nearly 60% of patients

(46). However, the delayed TPE between 8 and 24 hours was i a significantly higher risk of
death, whereas the risks of death and major thrombotic even r edly increased with >24 hour delay
(46).

The commencement of TPE (92.1%) and steroids ithin the first 48 hours of admission in most patients

312729,38). Although the International Society on
the addition of corticosteroids to TPE for patients
at steroids were not initiated at the same time as TPE
implementation of guidelines in the real-world setting.
Nonetheless, corticosteroids were the 1 nonly used immunosuppressant in our patients (63.7%), while

: s demonstrated benefits in iTTP over the entire disease course

and to prevent relapses, especi comorbidautoimmune disorders exist (1,11,12,38). Similarly, in the Milan
eated by TPE and steroids, and 15% by rituximab(18). Also, in the

in our registry seems in accordance with other r
Thrombosis and Haemostasis (ISTH) strongly r
with iTTP experiencing an acute event, Quiyda

Australian registry, cortic
use was documented ing39 tients (17). Although the ISTH proposes a conditional recommendation for the
addition of rituxi i ids and TPE at both first and subsequent episodes, there are various barriers
to rituximab use. £ ximab for the treatment of iTTP requires regulatory authorization in Tiirkiye.

i weeks is required for rituximab to start immunosuppression. And available
onsignificant trend toward a reduced mortality rate with rituximab added to TPE and
pirin and thromboprophylaxis was also low (20.9%) in our patients, as also reported by

ly 27% and 37% of patients were prescribed aspirin and thromboprophylaxis for TTP,

. It should be kept in mind that due to the increased risk of bleeding, antiplatelet agents are
ded for the prevention and treatment of thrombotic events when the platelet count is less than

evidence
ster01ds

treatment response (clinical response: 79.9%, clinical remission: 68.2%, partial 17.7%, complete 14.6%) and
thefollow-up data on exacerbation/relapse frequency of 16.3% and disease-related mortality (3.0%) in our

tients support that about 80% of iTTP patients respond to initial treatment, while the post-treatment mortality
occurred in 8-15%, and 30-50% of patients experienced one or more exacerbations/relapses in other cohorts.
These findings justify the need for long-term follow-up of patients with TTP, particularly in terms of medical
consultation and ADAMTS13 activity monitoring (13,48,49).

The laboratory findings during the first exacerbation/relapse in our registry support the likelihood of hematologic
laboratory parameters being less severe in relapsing episodes compared with the first episodes. Ohio State



University registry and the Milan TTP registry also revealed that clinical characteristics and hematologic
laboratory parameters were less severe in relapsing episodes compared with first episodes (2,18,50,51). The
Ohio State University registry pointed to a requirement for more TPE sessions to achieve remission in patients
with the first episode than those with relapses. Nonetheless, the authors also reported no significant impact of
these findings on outcomes, with similar rates of clinical response, exacerbation, refractory disease, and
mortality between the initial presentation and relapses (50).

The main strength of this registry study is its population-based design, providing real-world data on iTTP clinical
practice at 19 centers across Tiirkiye, which increases the generalizability of our results with a more accurate
reflection of real-world outcomes. However, this study has certain inherent limitations associated with regist
analyses, such as potentially incomplete data fields, accuracy of data input at sites, and recall bias. In additi

lack of data on long-term outcomes other than TTP relapse (cognitive impairment, depression, and poor qu:

of life) seems to be another important limitation, given that iTTP survivors are at risk for a plethora of.eth
adverse outcomes (51-55). Therefore, long-term outcomes and health-related quality of life should
part of further TTP research.

In conclusion, this registry study demonstrated that iTTP patients are mainly younger with
preponderance, with a higher prevalence of constitutional/systemic and neurological manife

groids in one-third of
patients, and the low rates of rituximab, aspirin, and thromboprophylaxis tréatments. Accordingly, further
detailed analyses of the Turkish iTTP registry in a prospective setting C [
tool to systematically collect epidemiologic, clinical, and laboratory d
understanding and management of iTTP.
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Table 1. Demographic Characteristics and Potential Triggers

Demographic characteristics

Gender (female), n(%) 126 (58.6)
Age at diagnosis (year), median(min-max) 41 (16-73)
Age at diagnosis >65 years, n(%) 9(4.2)
Time of diagnosis, n(%)

2020-2023 89 (41.4)
2010-2019 112 (52.1)
2001-2009 14 (6.5)
Comorbidities/associated conditions, n(%)

Autoimmune diseases 16 (7.4)
Malignancy 4(1.9)
Chronic inflammatory disorder 3(1.4)
Trauma 2(0.9)
Anti phospholipid syndrome 1(0.4)
Organ transplantation 1(0.4)

Stem cell transplantation

Family history, n(%)

Thrombotic thrombocytopenic purpura
Autoimmune diseases

Blood group (n=208), n(%)

0

A .
B 36 (17.3)
AB 11(5.3)
Potential triggers within 3 weeks prior to diagnosis (n=

Infection 31 (15.0)
New medicine initiation 20 (9.7)
Pregnancy /postpartum 13 (6.3)
Surgery 10 (4.8)
Ticlopidine/clopidogrel usage 4(1.9)
Cyclosporin usage 3(1.4)
Quinine usage 2(0.9)
Trauma 1(0.4)

&



Table 2. Presenting Symptoms and Clinical Manifestations

Systemic /constitutional manifestations, n(%)

Fatigue 148 (68.8)
Fever 39 (18.1)
Upper respiratory tract infection 18 (8.4)
Flu-like syndrome 18 (8.4)
Other 54 (25.1)
Neurologic manifestations, n(%)

Headache 86 (40.0)
Vertigo 69 (32.1)
Dysarthria 32 (14.9)
Paresthesia 25 (11.6)
Motor loss 23 (10.7)
Personality change 13 (6.0)
Stroke 12 (5.6)
Epilepsy 12 (5.6)
Coma 9@4.2)
Other 50 (23.3)
Hemorrhagic manifestations, n(%)

Purpura 62 (28.8)
Ecchymosis 52 (24.2)
Hematuria 33 (15.3)
Melena 15(7.3)
Menometrorrhagia 94.2)
Epistaxis 6(2.8)
Other 18 (8
Gastrointestinal manifestations, n(%)

Vomiting 5
Abdominal pain 4 1)
Jaundice 7
Bloody diarrhea

Renal manifestations, n (%)

Acute kidney injury 3(15.3)
Dialysis requirement (3.3)
Other 11(5.1)
Cardiovascular manifestations, n(

Hypertension 36 (16.7)
Chest pain 21(9.8)
Ischemic heart disease 13 (6.0)
Abnormal ECG 8(3.7)
Other 73.3)

©

Median(min-max)

9.2 (3.9-15.7)

13.0 (9.0-23.0)

6.0 (2-25)

2.2(1.2-3.5)

825.5 (131-6266)

0.9 (0.7-1.2)

LASMIC score (n=180)

6 (1-7)

PLASMIC score category, n(%) Low risk (score 0-4)

21 (11.7)

Intermediate risk (score 5)

19 (10.5)

High risk (score 6-7)

140 (77.8)




Table 4. Treatment and Response Characteristics

Initial treatment characteristics N (%)
Treatment onset within 48 hours of admission 138(64.1)

On the day of admission 78(36.2)

1 day after the admission 32(14.9)

2 days after admission 28(13.0)
Delayed treatment (> 48 hours of admission) 77(35.8)
Treatments

Plasma exchange 198 (92.1)
Plasma volume, median (min-max) 3(1-6.5

Steroid 137 (63.7)
Erythrocyte transfusion 67 (31.2)
Immunosuppressive 45 (20.9)
Rituximab

Antiplatelet/anticoagulant /thrombolytic

Thrombocyte transfusion

Immunoglobulin

Cryo-supernatant plasma

Treatment response

Clinical response (n=204)

Clinical remission (n=198)

135 (68.

Partial remission (ADAMTS13 activity > 20%) (n=198)

35 (17.7)

Complete remission (normalized ADAMTS13 activity) (n=198

29 (14.6)






