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Los datos incluidos en esta presentacion son de practica clinica del ponente. La informacion e imagenes son proporcionadas por el autor con todos los permisos.
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International Council for Standardization in Haematology
(ICSH) recommendations for laboratory measurement of
ADAMTS13
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Mackie I, Mancini |, Muia J, Kremer Hovinga J, Nair S, Machin S, Baker R.
International Council for Standardization in Haematology (ICSH)
recommendations for laboratory measurement of ADAMTS13. Int J Lab
Hematol. 2020 Dec;42(6):685-696.
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FIGURE 1 ADAMTS13 testing for the diagnosis of TTP and
other TMA. *Based on clinical assessment including Clinical Gestalt,
PLASMIC score, laboratory investigation (haemoglobin, platelet
count, fragments, and creatinine level). THigh titre ADAMTS13
antibody (ELISA) or functional inhibitor of ADAMTS13 activity
measured by Bethesda assay. CM-HUS, complement mediated
haemolytic uremic syndrome; |A-HUS, infection associated
haemolytic uremic syndrome; TMA, thrombotic microangiopathy;
TTP, thrombotic thrombocytopenic purpura
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PTTi- generalidades

La pUrpura trombética trombocitopénica inmune (PTTi) es una microangiopatia
trombdtica (MAT) rara y potencialmente mortal caracterizada por una

deficiencia severa de la actividad de ADAMTS13 (<10%).
PTTa es una microangiopatia trombética con un potencial pronéstico fatal.
Urgencia hematoldégica.

Mortalidad de >90% sin tratamiento.
10-20% mortalidad con tratamiento SOC
<5% desde introduccién del caplacizumab

5-10% refractariedad, 8-12% exacerbaciones

Recurrente, 40% de los casos

La rdpida determinacién de su actividad es un elemento clave para el
diagndstico precoz y manejo éptimo de los pacientes con PTTi y otras MAT.

Subhan M, Scully M. Advances in the management of TTP. Blood Rev. 2022 Feb 17:100945. doi:
10.1016/j.blre.2022.100945. Epub ahead of print. PMID: 35216839. Joly BS, Coppo P, Veyradier A.
Thrombotic thrombocytopenic purpura. Blood. 2017;129:2836-2846.



PTTi_ Fisiopatologia
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capacidad para inducir adhesién y agregacion plaquetaria.
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Complement system pathways activation and control steps.

' -
Classic Pathway Lectin Pathway Alternative Pathway

MBL or Ficolins

MBL-assoclated serine proteases

C5 podria jugar un
papel primordial en la
fisiopatologia de la PTT

C4b2b*C3b

(CS convertase)

Goémez-Segui |, Pascual Izquierdo C, Mingot Castellano ME, de la Rubia Comos J. An update on the

pathogenesis and diagnosis of thrombotic thrombocytopenic purpura. Expert Rev Hematol. 2023
CDS9 |eessnunn: (C5b, C6, C7, C8 and muitiple Jan;16(1):17-32

C9 molecules)



Historia de la PTTi

La purpura trombética trombocitopénica (PTT) es una microangiopatia trombadtica (MAT), definida por
trombopenia, anemia hemolitica microangiopdtica y trombosis en los pequeios vasos, que se produce por
una deficiencia de la actividad ADAMTS 13 (metaloproteasa responsable de la ruptura del factor de von
Willebrand).

1970’ \ \ \ >
1924 s | 1982 1996 2001 2002 a

Eli Moschcowitz

Moschcowitz E ME. Hyaline

thrombosis of the terminal VWE Caplacizut,l)ma b,

] illaries: 2 . . . . Rituximab en 12
arterioles and capillaries: a Plasmaféresis VWEF cleavingprot ADAMTS13 Rituximab y
hitherto undescribed inea,
disease. Proc N Pathol Soc. \ \\ \ ease (\ ADAMST13 r, etc

\\

1924;24:21-24. <

1.Proc N Y Pathol Soc. 1924;24:21. 2. Medicine 1966;45:139. 3. NEJM 1982;307:1432. 4. NEJM 1991;325:393, NEJM 1991;325:393. 5. Blood 1996;87:4223, Blood 1996;87:4235. 6. Blood Cells, Molecules, and Diseases 2002;28(3):385. 7. NEIM
2016;374:511, NEJM 2019;380:335. https://clinicaltrials.gov/ct2/show/NCT03922308?term=rADAMTS13&draw=2&rank=1 Gltimo acceso marzo 2022

Rituximab no esta aprobado por ningtin organismo internacional para el tratamiento de la PTTa
Recombinant ADAMTS13 is an investigational product in phase 2 of clinical development for TTP. ClinicalTrials.gov. Available from: https: //clinicaltrials.gov/ct2 /show /NCT03922308. Accessed March 2022. 10
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Fig. 2. Domain erganisation and partial crystal structure of ADAMTSI3

\ 1924;24:21- On the left, the domain organization of human mature ADAMTS13 is shown, which consists
B eee—— of a metalloprotease domain (M), a disintegrin-like domain (D), the first TSP1 repeat, a Cys-
rich domain (C), and a spacer domain (S). In addition, the C-terminus contains 7 more TSP1
repeats (2-8) and two CUB domains (C1 and C2). On the right, the surface and carton
presentation of the crystal structure of ADAMTS 13 disintegrin-like domain (Dis), first TSP
repeat (TSPI), Cys-rich (Cys) and spacer domain (Spa) in addition to a modelled
metalloprotease domain (based on the metalloprotease domains of ADAMTS4 and
ADAMTSS).
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ADAMTS13

* Durante mucho tiempo se ha pensado que ADAMTS13 es una enzima
constitutivamente activa.

* Los Ultimos descubrimientos muestran que ADAMTS1 3 necesita una activacion
alostérica a través de la interaccién con su sustrato VWF para volverse
activo.

Pasa de configuracion cerrada a abierta

Muia J, Zhu J, Gupta G, et al. Allosteric activation of ADAMTS13 by von Willebrand factor. Proc Natl Acad Sci U S A 2014; 111:18584-18589.
South K, Luken BM, Crawley JTB, et al. Conformational activation of ADAMTS13. Proc Natl Acad Sci U S A 2014; 111:18578-18583.
Petri A, Kim HJ, Xu Y, et al. Crystal structure and substrate-induced activation of ADAMTS13. Nat Commun 2019; 10:1-16.
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Table 1. Physiological and Pathological conditions associated with ADAMTS13 deficiency

Physiological conditions Pathological conditions
(Mild to moderate deficiency) (Moderate to severe deficiency) *

Pregnancy Preeclampsia/HELLP syndrome

Newborn Severe infections (e.g.: bacterial sepsis, SARS-CoV-2 severe
infection, cerebral malaria)

Elderly Disseminated Intravascular Coagulation

Black ethnicity Liver disease

Non-0 blood Metastatic cancer
Hereditary or immune TTP

*Although severe deficiency, defined as <10% of normal activity, is characteristic of TTP, few cases of these
pathological conditions might have very low levels of ADAMTS13 activity and, infrequently, even close to or <10%.
The clinical picture should help clinicians to correctly diagnose and treat these patients.

Godmez-Segui |, Pascual Izquierdo C, Mingot Castellano ME, de la Rubia Comos J. An update on the
pathogenesis and diagnosis of thrombotic thrombocytopenic purpura. Expert Rev Hematol. 2023
Jan;16(1):17-32



Determinacion de la actividad de ADAMTS13

Table 4. Recommendations on pre-analytical phase for ADAMTS13 assays

ISCT consensus recommendations on pre-analytical phase for ADAMTS13 assays

Citrated plasma should normally be used.

Heparin plasma or serum samples may be used depending on the assay type and if it is validated for
these samples’ types.

Never use EDTA plasma for ADAMTS13 activity determination.

Samples should be centrifuged and plasma separated from cells as rapidly as possible after blood
collection to avoid in vitro changes.

Plasma samples should be stores and shipped below -402C, unless assays are performed immediately.

Gomez-Segui |, Pascual Izquierdo C, Mingot Castellano ME, de la Rubia Comos
J. An update on the pathogenesis and diagnosis of thrombotic
thrombocytopenic purpura. Expert Rev Hematol. 2023 Jan;16(1):17-32



Consensus recommendations on assays for ADAMTS1 3, autoantibodies and inhibitors, Mackie et al

Functional FRET-based assays or chromogenic activity ELISA methods are recommended as front line assays as they are
sensitive, show good precision and are simpler to use, being completed in a few hours.

Rapid point of care assays may have utility as screening methods or “out of hours” emergency tests, but there is currently
limited performance data.

Every calibrator should be traceable to the International Standard Plasma (12/252) for assaying ADAMTS13 activity in citrated
plasma samples.

When reporting results: indicate the type of assay performed and use the correct units (eg IU/dL) for activity and antigen
assays. If calibrants traceable to the IS are not available, use percentage of pooled normal plasma. State the reference range for
the method.

High and low activity controls should be included in each assay run. Do not use commercial controls in methods other than
those intended for their use.

If gross icterus interferes in some FRET assay methods, the problema can sometimes be resolved by assaying at a higher
dilution, treatment with bilirubin oxidase, or using a chromogenic activity ELISA. A comment regarding potential assay
interference should be added to the laboratory report.

If decreased ADAMTS13 activity (<20 IU/dL) is detected in a new patient, an ADAMTS13 antibody assay or inhibitor test should
be performed. If the results do not match the clinical picture, potential
EDTA contamination should be considered and where possible, fresh blood samples obtained.

Wherever possible, use the same ADAMTS13 assay when studying a patient longitudinally to manage treatment.

Mackie I, Mancini I, Muia J, Kremer Hovinga J, Nair S, Machin S, Baker R. International Council for Standardization in Haematology (ICSH) recommendations for laboratory measurement
of ADAMTS13. Int J Lab Hematol. 2020 Dec;42(6):685-696.



Clinical laboratory assays for ADAMST 13 activity determination methods

TECHNOZYM® HemoslIL AcuStar ADAMTS13
FRETSYWFIS ADAMTS13 Activity ELISA Activity Assay
Substrate FRETS-VWF73 GST-VWF73 GST-VWF73-His
Detection Fluorescent: direct Chromogenic: immune Chemiluminescent:
method o detection of VWF Immune detection of VWF
detection of VWF -
cleavage products cleavage products by cleavage products by specific
specific mAb mAb
Detection limit 3.3% 0.002 IU/mL (0.2%) 0.2%
Assay range 3.3-105% 0.003-1.05 IU/mL (0.3- 0.2-150%
105%)
Intra-assay 6.0% <5.4% < 4.4%
precision (CV)
Interassay . . 5
prEEiSiﬂn (CV] 9.5% < 8.0% <5.1%
Normal range 45-147% 0.40-1.30 IU/mL (40-130%) 67-129%
Assay Length 1 hour ~ 3.5 hours 33 minutes

Gémez-Segui |, Pascual Izquierdo C, Mingot Castellano ME, de la Rubia Comos J. An update
on the pathogenesis and diagnosis of thrombotic thrombocytopenic purpura. Expert Rev
Hematol. 2023 Jan;16(1):17-32
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Background
References Gold estandar vs CLIA

Researcher

Group Sample n Year Comparator method Discrepant AcuStar results <10% Other data

ELISA Technoclone
Prof. Peyvandi 176 Retrospective: 2006-2018 None No differences in aHUS and other TMA patients
In-house FRET

No inteference with APL, possible interference with
Prof. Gresele 125 Retrospective ELISA Technoclone None anti-FVIII
inhibitors
Retrospective (316): Jan 2015-Dec 2019 1 Sensitivity 90.1%; Specificity 99.7%
Prof. Veyradier 539 In-house FRET 14 samples overestimated by the HemosIL AcuStar
Prospective (223 consec): 1 Jan-30 Apr 2020 SLE, pregnant patient assay
Retrospective (385): not available 12 i i i
Prof. Favaloro 233 ELISA Technoclone Multicenter. 2 TTP patl;enltfilv;zuld have been missed
Prospective (348): (Q2-Q4 2019) All with clinical diagnosis of TTP 4
Number of false positives was low for [Multicenter.
all comparisons. Sensitivity 100%
Global comparison with cut-off <10%: |Cut-off value <10%: Specificity 95%
10 false Cut-off value <5%: Specificity 97% (5 false pos.)
IN-house FRET zca:t:.;::t?; 7 follow-up samples from TTP é-efgétiisn;sjlré r;'?eactéve bias for sepsis samples.
Dr. Pascual 241 Retrospective: Jul - Oct 2019 EIéIL?QAT(e;:;g?ScIone 1 not TTP; 2 unknown diagnosis the capacity to assess ADAMTS13 activity. At least 1
Global comparison with cut-off <5%: 5 |of the 5
false positives false positives was a case of sepsis. This type of
Highest agreement with TECHNOZYM samples may
ELISA, with require double-checking with another method for

3 false positives for cut-off <10% and |ADAMTS13
1 DIC sample <10% with both assays FRET: Sensitivity 96.4%,; Specificity 98.9%
Biggest discrepancy for clinical TTP

Dr. Goetze 706 Retrospective: 706 consecutive over 14 years In-house FRET remission AcuStar: Sensitivity 100%); Specificity 98.9%

samples: . . o
13 <10 % AS, >10% FRET Higher accuracy with cutoff 5%

7 <10% FRET , >10% AS




Improvement of immunologic and molecular techniques for the diagnosis and follow-up of
patients with thrombotic thrombocytopenic purpura: a collaborative study proposal of the
spanish apheresis group (GEA) in collaboration with the Spanish Society of Hematology and
Hemotherapy (SEHH), NCT05046717.

Objetivos

* Evaluar el rendimiento de la técnica de quimioluminiscencia para la determinacién
de la actividad de ADAMTS13 en pacientes con sospecha de MAT, de manera
comparativa con las técnicas gold estdndar (ELISA /FRETS) de forma prospectiva.

C. Pascual-lzquierdo et al. ADAMTS13 Activity Measurement Using a Chemiluminescence-Based Technique. Prospective Multicenter Comparative Study of the
Spanish Apheresis Group (GEA)- Spanish Society of Hematology and Hemotherapy (SEHH). Blood 144 (Supplement 1):2618-2618, DOI:10.1182 /blood-2024-
200941



https://www.researchgate.net/journal/Blood-1528-0020
http://dx.doi.org/10.1182/blood-2024-200941
http://dx.doi.org/10.1182/blood-2024-200941

Material y métodos

* Estudio prospectivo, multicéntrico e internacional entre Octubre 2022 y Enero 2024, para comparar
la técnica basada en quimioluminiscencia (CLIA, Werfen, Barcelonaq, Espaia) frente a FRETS-VWF73
y ELISA comercial (TECHNOZYM ADAMTS1 3 Activity ELISA Kit, Technoclone, Austria Technoclone) en
6 centros de Espaiia y Portugal dentro del proyecto “Improvement of immunologic and molecular
techniques for the diagnosis and follow-up of patients with thrombotic thrombocytopenic

purpura: a collaborative study proposal of the spanish apheresis group (GEA) in collaboration
with the Spanish Society of Hematology and Hemotherapy (SEHH), NCT05046717.

ESTUDIO INSPIRER

* Se evaud la correlacién (Coeficiente de Lin/ Passing Bablock) y el sesgo (Bland- Altman) entre CLIA
y las distintas técnicas de referencia.

* Se utilizé el punto de corte de actividad <10% para evaluar la concordancia (Kappa), sensibilidad
y especificidad.

C. Pascual-lzquierdo et al. ADAMTS13 Activity Measurement Using a Chemiluminescence-Based Technique. Prospective Multicenter Comparative Study of the
Spanish Apheresis Group (GEA)- Spanish Society of Hematology and Hemotherapy (SEHH). Blood 144 (Supplement 1):2618-2618, DOI:10.1182 /blood-2024-
200941



https://www.researchgate.net/journal/Blood-1528-0020
http://dx.doi.org/10.1182/blood-2024-200941
http://dx.doi.org/10.1182/blood-2024-200941

MATERIAL Y METODOS

4 )

Se analizaron un total de 512 muestras de

pacientes con sospecha de MAT por las 2

técnicas (ELISA /FRETS) vs CLIA.
- J

/Cristina Pascual-lzquierdo, Jorge Martinez Nieto, Maribel Diaz-Ricart, Inés\

Gomez- Segui, Marta Docampo, Manuel Fernandez Villalobos, Rafael Lépez

Del Amo, Julia Martinez-Sanchez, Silvia Escribano-Serrat, Ana Belén
Moreno-Castafio, Toni Moscardd, Patricia Martinho,

*  University Hospital Gregorio Maraién (Madrid, Spain)

* Instituto de Investigacién Sanitaria Gregorio Maraiion, Madrid (Spain)

*  University Hospital Clinico San Carlos (Madrid, Spain)

*  Coimbra Hospital and Universitary Center (Coimbra, Portugal)

*  University Hospital La Fe (Valencia, Spain)

*  Hematopathology, CDB, Hospital Clinic, IDIBAPS, Universty of Barcelona L ; . = &

(Barcelona, Spain) | Spain, Fertegal, and Anderra
: wrinan i e T
*  University Hospital Xestion Xanitaria A Coruiia, (A Coruiia, Spain) - @ T Hhamean
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Numero de muestras (%)

Tabla 1. Diagnéstico PTTi 74 (14.5%)
Caracterizacion de las muestras del estudio. o i BUIT 863(71.2%)
S . PTTc 38 (7.4%)
ipo de muestra SHU 5 (1.0%)
Otras MAT 30 (5.9%)
Total 512 (100%)
TECHNOZYM® ADAMTS13
o
Técnica gold standar Activity ELISA 432 (84.4%)
FRETS-VWF73 80 (15.6%)
Total 512 (100%)
Método d ¥ ACUSTAR 512 (100%)
étodo de comparacién Total 512 (100%)
0-10 86 (20.0%)
- 11 -40 90 (20.9%)
Rangos de actividad ELISA > 40 255 (59.1%)
Total 432 (100%)
0-10 44 (55.0%)
. 11 -40 24 (30.0%)
Rangos de actividad FRET ~40 12 (15.0%)
Total 80 (100.0%)
0-10 128 (25.0%)
Rangos de actividad 11 -40 78 (15.2%)
ACUSTAR (CLIA) >40 306 (59.8)
Total 512 (100%)
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Passing—Bablok regression plot Bland-Altman plot comparison results
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La media de la diferencia entre el gold standard (ELISA o
FRETS) y ACUSTAR fue de 10,8 con un limite de acuerdo
entre -27,6 y 49,2.
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ELISA vs ACUSTAR

Passing—Bablok regression plot Bland-Altman plot comparison results
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La media de la diferencia entre ELISAy ACUSTAR fue de 11,8 con
un limite de acuerdo entre -27,2 y 50,8.



FRET vs ACUSTAR

Passing—Bablok regression plot Bland-Altman plot comparison results
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Resultados

5 falsos positivos

10 falsos negativos
ELISA (N=432) FRET (N=80)

Positive  Negative  Positive  Negative
A. Cut-off value <IO% ADAMTS13 activity values

HemoslL AcuStar®
(Positive)

HemoslL AcuStar®

(Negative)

HemoslL AcuStar®
LIR] 67
(Positive)
H IL AcuStar®
emos. cuStar 5 357 .
(Negative)

Para el cut-off de
actividad de ADAMTS13
de <10%: 10 falsos
negativos con la técnica
CLIA, comparando con
ELISA/y 2 para FRETS
(Todas ellas de muestras
de pacientes con PTTi en
seguimiento, excepto 1 al
diagndstico.

5 falsos positivos 1
comparando con ELISA y
4 con FRETS, todas PTTi
en seguimiento.
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Resultados

5 falsos positivos Para el cut-off de
actividad de ADAMTS13

10 falsos negativos de <10%: 10 falsos
ELISA (N=432) FRET (N=80) negativos con la técnica
CLIA, comparando con

Posmve Negative Positive = Negative ELISA/y 2 para FRETS
A. Cut-off value <10% ADAMTS13 activity values (Todas ellas de muestras

HemoslIL AcuStar® de pacientes con PTTi en
(Positive) seguimiento, excepto 1 al

HemoslIL AcuStar® diagndstico.
(Negative) 5 falsos positivos 1

comparando con ELISA y

HemosIL AcuStar® 4 con FRETS, todas PTTi
. 67

(Positive)

Hemos!L AcuStar® 5 357 . 34

(Negative)

en seguimiento.
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Sensibilidad y especificidad

Gold estandar type 1 (N=512) Correctly classified sample 0.971 (0.956, 0.986)

Positive Negative Misclassified samples 0.029(0.014, 0.044)

Tester (Positive) 119 5 Sensitivity 0.922 (0.876, 0.968)
Tester (Negative) 10 378 Specificity 0.987 (0.976, 0.998)
False positive rate 0.013(0.002, 0.024)

False negative rate 0.078 (0.032,0.124)

Prevalence 0.252(0.214, 0.290)

PPV 0.960 (0.926, 0.994)

NPV 0.974 (0.958, 0.990)
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Discrepancias ELIS /FRETS vs ACUSTAR

Tecnica Actvigad e Acuvigad s
Record D | Diagnostico | ADAMTS13 | ADAMTS13 EL'SA;'gfe”OF ADAMTS13 FRETrS1—(')”fe”° ﬁ\%ﬂ\gig’ Acustar positvo
local FRETS ELISA - FRETS -

132-92 PTT&.‘ . ELISA 10.57|Negativo 9.20|Positivo
seguimiento

135-16 PTT&.‘ . ELISA 7,10]Positivo 26,30|Negativo
seguimiento

135-45 PTT&.‘ . ELISA 9,60 Positivo 19,40|Negativo
seguimiento

135-53 PTT&.‘ . ELISA 8,20|Positivo 12,50|Negativo
seguimiento

131-71 PTT&.‘ . ELISA 9,00|Positivo 11,50|Negativo
seguimiento

136-74 PTT? . ELISA 1,00} Positivo 11,00|Negativo
seguimiento

136-62 PTTa dx ELISA 0,00]Positivo 11,00|Negativo

133-7 PTT ELISA 9,60|Positivo 10,80|Negativo
congA®@nita ’ ’ 9

136-64 PTT&.‘ . ELISA 6,00 Positivo 10,00|Negativo
seguimiento

134-59 PTT&.‘ . FRET 16,00|Negativo 6,001 Positivo
seguimiento

134-60 PTT&.‘ . FRET 11,00]Negativo 4 00| Positivo
seguimiento

134-84 PTT&.‘ . FRET 21,00|Negativo 3,00]|Positivo
seguimineto

134-69 PTT&.‘ . FRET 18,00|Negativo 1,00]Positivo
seguimineto

134-32 PTT&.‘ . FRET 3,00]Positivo 27,00|Negativo
seguimineto

134-66 PTT&.‘ . FRET 0,00]|Positivo 14,00|Negativo
seguimineto

FALSO POSTIVO

FALSO NEGATIVO

FALSO NEGATIVO

FALSO NEGATIVO

FALSO NEGATIVO

FALSO NEGATIVO
FALSO NEGATIVO

FALSO NEGATIVO

FALSO NEGATIVO

FALSO POSTIVO

FALSO POSTIVO

FALSO POSTIVO

FALSO POSTIVO

FALSO NEGATIVO

FALSO NEGATIVO
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136-74 PTT&.‘ . ELISA 1,00} Positivo 11,00|Negativo
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136-62 ELISA 0,00]Positivo 11,00|Negativo

133-7 ELISA 9,60|Positivo 10,80|Negativo

136-64 . ELISA 6,00 Positivo 10,00|Negativo
seguimiento

134-59 PTTB.‘ . FRET 16,00|Negativo 6,001 Positivo
seguimiento

134-60 PTT&.‘ . FRET 11,00]Negativo 4 00| Positivo
seguimiento

134-84 PTT&.‘ . FRET 21,00|Negativo 3,00]|Positivo
seguimineto

134-69 PTT&.‘ . FRET 18,00|Negativo 1,00]Positivo
seguimineto

134-32 PTT&.‘ . FRET 3,00]Positivo 27,00|Negativo
seguimineto

134-66 P FRET 0,00]Positivo 14,00|Negativo

seguimineto

FALSO POSTIVO

FALSO NEGATIVO

FALSO NEGATIVO

FALSO NEGATIVO

FALSO NEGATIVO

FALSO NEGATIVO
FALSO NEGATIVO

FALSO NEGATIVO

FALSO NEGATIVO

FALSO POSTIVO

FALSO POSTIVO

FALSO POSTIVO

FALSO POSTIVO

FALSO NEGATIVO

FALSO NEGATIVO




Conclusiones

* In this prospective study, which includes a high number of samples of suspected
TMA, we demonstrate that there is a good agreement in the ADAMTS1 3 activity
results obtained by CLIA with respect to the “gold standard” FRETS /ELISA methods.

* We found discrepancies mostly in some follow-up iTTP samples, which could have
therapeutic implications in a small number of patients.

* To date, borderline results with CLIA should be confirm with a validation technique.
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TECHNOSCREEN" ADAMTS-13 Activity

Moore GW, Meijer D, Griffiths M, Rushen L, Brown A, Budde U, Dittmer R, Schocke B,
Leyte A, Geiter S, Moes A, Cutler JA, Binder NB. A multi-center evaluation of
TECHNOSCREEN® ADAMTS-13 activity assay as a screening tool for detecting deficiency of
ADAMTS-13. ) Thromb Haemost. 2020 Jul;18(7):1686-1694.

TECHNOSCREEN ADAMTS13

Abstract

Background: Quantifying A disintegrin-like and metalloprotease with thrombospondin type 1 motif,
member 13 (ADAMTS-13) activity enhances thrombotic thrombocytopenic purpura (TTP) diagnosis
but most assays are time consuming, technically demanding, and mainly available in reference
centers.

Objective: Evaluate a simple, semiquantitative ADAMTS-13 activity screening test for early
identification/exclusion of TTP.

Patients/methods: Plasma from 220 patients with suspected thrombotic microangiopathy at three
reference centers were tested with TECHNOSCREEN® ADAMTS13 activity screening test in
comparison with TECHNOZYM® ADAMTS-13 activity ELISA at two centers, and in-house
fluorescence resonance energy transfer assay at the third center. The screening test indicates if
ADAMTS-13 activity is at one of four level-indicator points; 0, 0.1, 0.4, or 0.8 IU/mL.

Results: Screen results were interpreted as binary data in that ADAMTS-13 activity was above or
below the 0.1 IU/mL TTP clinical threshold. Combining all sites' data, the screen exhibited 88.7%

ensitivity, 90.4% specificity, 74.6%,positive predictive value, and 96.2% negative prealctlve vame,
i El ! BI.sHeHH i ! H

omparable to pu ata for qUantitative assays. Five samples with quantitative results below
the threshold gave screen readings of 0.1 IU/mL and seven marginally above the threshold gave
screen readings of zero. All would warrant plasma exchange while the level is quantified. Nine
samples with normal/near normal results gave screens of zero and confirmatory quantifications
would prompt early treatment withdrawal, as is current practice. One sample generated
screen/quantitative results of 0.4/0.00 IU/mL respectively and was the only clear false-negative.

Conclusions: The screening test provides more rapid ADAMTS-13 level evaluation than most
currently available assays. Its simple operation renders it suitable for adoption in routine or
specialist laboratory environments.
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Equipos para Estudios y Pruebas de Hemostasia de
Technoclone Herstellung von Diagnostika und
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Abstract

Introduction: Thrombotic thrombocytopenic purpura (TTP) is a thrombotic microangiopathy
characterized by a severe functional deficiency of ADAMTS13. Measuring ADAMTS13 activity is
crucial for diagnosing TTP (<10 1U/dL), monitoring treatments, and detecting relapses (<20 IU/dL).
The Technofluor® assay allows a rapid ADAMTS13 activity measurement using the CEVERON®
s100 analyzer. This study aims to evaluate the analytical and clinical performance of this new test
under real-world conditions.

Materials and methods: ADAMTS13 activity was measured using two fluorometric methods: the
Technofluor® ADAMTS13 activity on the CEVERON® s100 (Technoclone, Austria) and our reference
FRETS-VWF73 method, in plasma samples collected under real-life conditions (01/12/2024-
04/04/2024) and retrospectively selected samples from our biobank. The analytical and clinical
performance of the new test was assessed, focusing on the critical low levels (<30 IU/dL).

esults: Four hundred samples were tested under real-world conditions and 100 others tested
limit of 0.1 IU/dL, repeatability CV <11%, and reproducibility CV of 6.1% (high level [90 IU/dL]) and
7.5% (low level [40 IU/dL]). Clinical performances were strong at diagnosis (threshold: 10 1U/dL;
sensitivity and positive predictive value: 1.0) and during the follow-up (threshold: 20 |U/dL;
specificity: 1.0 [95% CI: 0.99;1.00], positive predictive value: 0.96 [0.90;1.01]; negative predictive
value: 0.98 [0.97;1.00]). No analytical interference was observed.

Conclusion: The Technofluor® assay on the CEVERON® s100 is a fast, reliable method for
measuring ADAMTS13 activity, proving effectiveness for diagnosis and monitoring of TTP patients.
However, it remains crucial to interpret ADAMTS13 activity measurement with clinical context to
ensure accurate diagnosis and management.

Joly BS, Deniau H, Doinel C, Brouillard A, Siguret V, Coppo P, Veyradier A. Real-world
evaluation of a novel automated method for measuring ADAMTS13 activity using the
Ceveron® s100 analyzer. J Thromb Haemost. 2025 Mar 7:51538-7836(25)00137-0.
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Determinacion de Inhibidor
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Cilculo de las unidades Bethesda: de acuerdo con la definicién, se grafica en escala
semilogaritmica, la recta teérica de ADAMTS13 residual (%) vs potencia del inhibidor,
considerando los siguientes puntos: el 100% de ADAMTSI13 residual corresponde a 0

unidades Bethesda y 50% de ADAMTSI13 residual a 1 UB/mL (Fig. 1). Debemos extrapolar T~

76

el titulo del inhibidor de la curva tedérica y multiplicar por la inversa de la dilucion del plasma

del paciente, con el cual se logro ese valor de ADAMTS13 residual.
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Configuraciéon Abierta/Cerrada

Insights into ADAMTSI13 structure Roose ef al.

Cuando el auto-anticuerpo se liga al
ADAMTS13 también adquiere una
configuracion abierta.

Closed ADAMTS13 Open ADAMTS13
Healthy people iTTP patients

FIGURE 2. ADAMTS13 adopts a closed conformation in healthy people, while iTTP patients have an open ADAMTS13
conformation induced by anti-ADAMTS13 autoantibodies.

Roose E, et al. Insights into ADAMTS13 structure: impact on thrombotic thrombocytopenic purpura diagnosis and management. Curr Opin Hematol. 2020 Sep;27(5):320-326
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Open ADAMTS13, induced by antibodies, is a biomarker
for subclinical immune-mediated thrombotic
thrombocytopenic purpura
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Fig. 1. The epitope of the ant-ADAMTS-13 antibody 1C4 is eryplic. (A) The anti-MIDTCS antibodies (104, 1546, and 3H) were coated

(5 pg mL™"), and 5.7 o fulklength (FL) ADAMTS-13 or MDTCS was added. Caplured ADAMTS-13 or MDTCS was detected with horie-
radish peroxidase { HRP)-labeled anti-¥ 5 antibody (o = 3). Antibody 1C4 recognies a cryplic epitope in FL ADAMTS-13, as 1C4 can only
ecaplure MDTCS. (B) ADAMTS-13 (15 na) was coated, and 1C4 and JHY (5 pg mL ") were added. Bound antibody was detected by HRP-
labeled goat anti-mowse antibody. Coating of ADAMTS-13 induwees a conformational change and exposes the cryplic epitope of 1C4. (C) Anti-
bixbies 104 and 3HY (5 pg mL™") were coated, and ADAMTS- 13 (05 pg mL™"), preincubated without {—) or with (+) the ant-CUB] anti-
body 172 (25 pe mL™"), was added. Caplured ADAMTS-13 was detected with HRP-labded anti-V5 antibody. The anti-CUB1 antibody
172 mduces & conformationsl change in A DAMTS-13, and exposes the eryplic epitope of 1C4. (D) Ly wnopred pita ton of MDTCS aland ne
mutants (MDTCS, MDTCS-RS568A, MDTCS-FH2A, MDTCS-RI68/FH2A, MDTCS-R660AY 661 AY665A [MDTCS-RYY], MDTCS-
RYY-R568A, MDTCS-RY Y-F5924, and MDTCS-RYY-R568A F592A) with antibody 1C4 and patient-derived antibodies -9 and [1-1. Andi-
V5 antibody was wed & positive control. Samples were analyzed with SDS-PAGE and westem blotting. HRP-labeled anti-V3 antibody was
wsed for detection. (E) Representation of fokled ADAMTS-13 (lft), in which the spacer and CUB domains interact. Addition of the anti-
CUBI antibody 1762 changss ADAMTS-13 towands a more open conformation (center), which exposes & eryplic epitope in the spacer domain
o which 1C4 can bind (dght). [Codor figune can be vewsd at wileyondinel ibrary. com]
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(A) Plasma samples of acute aTTP (n = 63) patients, aTTP patients in remsson (o = 36), sepsis (1 = 63) patients and humlyumrmc 0
drome (HUS) {x = 12) patients were added 10 wells coated with the anti-ADAMTS-13 antibody 1C4 (nﬂ:\»gumlga crypiic epitope in
ADAMTS-13), and caplured ADAMTS-13 was detecied with bioti 3HY and . ADAMTS-
13 was not caplured by 1C4, the conformation of ADAMTS-13 was folded (@, conformation index of < 0.5). If AmM TS-13 was captured
by 104, the conformation of ADAMTS-13 was open (O, confomation index of = 1.5). 4% < 00001, **F < (.01, one-way avova. (B) The
same plasma samples a3 in (A) of acule sTTP patients were now preincubaled with the an t-CUB1 antibody 17G2 (+ 17G2) (inducing an [addi-
tional] apen conformation in ADAMTS-13) before addition to the welk coated vith 1C4 < 00001, paired r-iest. () The link hetween
the conformation of ADAMTS-13 in maiched plasma samples of acute aTTP patients and aTTP patients in nmission & represented.
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Roose E, Schelpe A-S, Joly BS, et al. An open conformation of ADAMTS-13 is a hallmark of acute acquired thrombotic thrombocytopenic purpura. J Thromb Haemost 2018; 16:378-388.
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Configuraciéon del ADAMTS13 en la PTTi

* Vanhoorelbeke et al ha desarrollado un TEST-ELISA que puede discriminar entre la
configuraciéon cerrada y abierta de ADAMTS1 3, utilizando un anticuerpo (1C4), que
reconoce un epitopo criptico en el dominio dominio S de ADAMTS1 3, por lo que sélo la
conformacién abierta de ADAMTS13 abierta, pero no la cerrada, puede ser captada.

* Demuestran que ADAMTS1 3 circula normalmente en una conformaciéon cerrada, mientras
que en los pacientes adultos con iTTP adultos, ADAMTS1 3 circula en una configuracién
abierta (22%,).

Concluyen:

1. EI ADAMTS13 abierto es un marcador especifico de iTTP, ya que en otras
microangiopatias trombdticas u otras enfermedades en las que la actividad de
ADAMTS1 3 estd se reduce (sepsis), ADAMTS13 se encuentra en una conformacion
cerrada.

2. La determinaciéon de la conformacion de ADAMTS13 podria ayudar en el diagnéstico de
iTTP .

Roose E, Schelpe A-S, Joly BS, et al. An open conformation of ADAMTS-13 is a hallmark of acute acquired thrombotic
thrombocytopenic purpura. J Thromb Haemost 2018; 16:378-388.



Impacto en el seguimiento de la determinacién configuracion ADAMTS13

~

* En la remisién completa (>50 Ul /dl de actividad ADAMTS13) la conformacién de
ADAMTS1 3 se volvié a cerrar con frecuencia (62-78%), lo que indica que el factor que
abre ADAMTS13 desaparecié .

* Los pacientes con iTTP en remisién con una actividad de ADAMTS 13 disminvida (<50%)
casi todos tenian una conformacién abierta de ADAMTS13 abiertq, lo que demuestra que

la ADAMTS13 abierta es un biomarcador de enfermedad subclinica. /

\

* Si esta la configuracién abierta del ADAMTS13 precede a una bajada de
actividad ADAMTS1 3 se sugirié en un estudio de seguimiento a largo plazo,
pero se necesitan mds estudios para confirmar estos resultados.

/

* La configuracion abierta del ADAMTS13 se debe a la presencia de
anticuerpos murinos anti-ADAMTS13 que pueden inducir cambios
conformacionales en ADAMTS1 3.

Roose E, Schelpe A-S, Joly BS, et al. An open conformation of ADAMTS-13 is a hallmark of acute acquired thrombotic thrombocytopenic purpura. J Thromb Haemost 2018; 16:378-388. Roose E, Schelpe A-S, Tellier E, et al.
Open ADAMTS13, induced by antibodies, is a biomarker for subclinical immune-mediated thrombotic thrombocytopenic purpura. Blood 2020; 2019004221 doi: https://doi.org/10.1182/blood.2019004221.




Estrategia de diagndstico, tratamiento y seguimiento actual y futuro

Table 1. Overview of the current strategy to diagnose, treat and follow TTP patients and how the novel biomarker open
ADAMTS13 mig_;h’r become useful in those steps in the future

Diagnosis Treatment Follow-up
Current ADAMTS 13 activity PEX or recombinant ADAMTS13 ADAMTS 13 activity
Anti-ADAMTS 13 autoantibodies Rituximab Preemptive rituximab
ADAMTS 13 sequencing Caplacizumab
— Monitoring through ADAMTS 13 activity
Future? Open ADAMTS13 to diagnose iTTP in cases where Open ADAMTS13 to follow treatment Open ADAMTS13 as a
anti-ADAMTS 13 auvtoantibodies are undetectable? response in iTTP patients? predictor for relapse?

ADAMTS13, a disintegrin and metalloprotease with thrombospondin type one repeats, member 13; iTTP, immune-mediated thrombotic thrombocytopenic purpura;
PEX, plasma exchange.

Roose E, Veyradier A, Vanhoorelbeke K. Insights into ADAMTS13 structure: impact on thrombotic thrombocytopenic purpura diagnosis and management. Curr Opin Hematol. 2020 Sep;27(5):320-326
Rituximab no esta aprobado por ningin organismo internacional para el tratamiento de la PTTa

Recombinant ADAMTS13 is an investigational product in phase 2 of clinical development for TTP.4ClinicalTrials.gov. Available from:

https://clinicaltrials.gov/ct2/show/NCT03922308. Accessed October 2021.
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CHART 2 RECOMMENDATIONS FOR DIAGNOSTIC TESTS
Diagnostic tests

Confirm TMA Biochemical evaluation
Hematological exam: hemoglobin, thrombocytes, and reticulocytes
Serum LDH
Recommendations from COMDORA-SBN for diagnosis and treatment of aHUS Serum haptoglobin
Peripheral blood smear (detect the presence of schistocytes)
Indirect Coombs/direct Coombs

PT/aPTT/fibrinogen
I - Complement Detect STEC
Conge nital: ADAMTS13 variants :es:ir;g:n;j other 516 or rectal swab culture
TTP ests/Etlology PCR for STEC virulence genes in stool
i1 Serology: serum (E. coli) and Yersinia antibodies (anti-LPS antibodies for prevalent serotypes)
Immune: ADAMTS13 autoantibodies Detect ADAMTS-13 deficiency
Von Willebrand protease activity
Disease-related variants in complement-associated Test underlying causes (secondary causes)
ge nes Plasma homocysteine (increased levels are observed in cobalamin disturbances)
HIV serology, pulmonary cultures, influenza
n n n ANA/anti dsDNA (Farr)/anti-cent Ab/antiphospholipid antibodies (anticardiolipin IgG and
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: Pregnancy testing
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. . e . . . . . . DGKE variants (children under 2 years old, especially if nephrotic syndrome is associated)
Figure 1. Practical classification of thrombotic microangiopathies. Modified from Genest et al, 2023". Thrombomodulin (THBD gene)

ADAMTS13 gene: if indicated (PTT)

MMACHC gene: if indicated to exclude defect in cobalamin deficiency (especially patients under
. L . . . . . 18 years old)
Vaisbich MH et al. Recommendations for diagnosis and treatment of Atypical Hemolytic

Other complement genes, if indicated
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. . . STEC: Shiga toxin-producing Escherichia coli; PCR: polymerase chain reaction; ANA: antinuclear antibody; CH50: measuring the 50% hemolytic
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Conclusiones

* La rdpida determinacién de la actividad de ADAMTS13 es clave para el
diagnéstico de certeza de la PTT y poder descartar otras causas de MAT.

* Se ha producido un avance en el conocimiento de la metaloproteasa ADMTS1 3.

* La determinacidon de la actividad de ADMST13 comienza a estar al alcance de de
mas cenfros.

* La investigacion dirigida a la determinacién del anticuerpo anti-ADAMTS1 3.

* Mas lenta la determinacién del AB ( sigue siendo de laboratorios especializados)

* ADAMTS1 3: configuracion ABIERTA vs CERRADA: nuevos biomarcadores para el
diagndstico y seguimiento de PTTi.
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