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Thrombotic microangiopathies (TMAS)
The term TMA was first coined by Dr Symmers in 1952

THROMBOTIC MICROANGIOPATHIC
HAEMOLYTIC ANAEMIA
(THROMBOTIC MICROANGIOPATHY)

BY

W. St. C. SYMMERS, M.D., M.R.C.P.

(From the Departments of Pathology of the General
Hospital and of the University, Birmingham)

It defines a pathologic alteration of the microvasculature, with
detachment or swelling of the endothelium, amorphous material in the
subendothelial space, and Iluminal platelet aggregation leading to
compromise of the microcirculation

Symmers, Br Med J 1952



Thrombotic microangiopathies (TMAS)

Characterized by:

- widespread ischemic damage
(due to microthrombosis in arterioles)

- thrombocytopenia
(due to platelet trapping)

- microangiopathic hemolytic anemia
(due to red blood cell fragmentation)

George JN, Blood 2010



TMAS: one term, many diseases

Represent the final common pathway
of a multitude of clinical syndromes:

Hereditary
complement-mediated TMA

Hereditary TTP

Coagulation-mediated Acquired TTP

T™MA Acquired

complement-mediated TMA

Y] Drug-mediated TMA
(toxic dose-related
reaction)

* “5
Drug-mediated TMA i:‘b ‘ X; o
i R i /

{immune reaction)

Metabolism-mediated TMA Shiga toxn-mediated
(cobalamin deficiency) TMA (ST-HUS)

« Secondary TMAs

Primary TMAs

Table 2. Common Disorders Associated with Microangiopathic Hemolytic
Anemia and Thrombocytopenia.*

Systemic infection

Systemic cancer

Severe preeclampsia, eclampsia, HELLP syndrorme
Severe hypertension

Autoimmune disorders (e.g., systernic lupus erythematosus, systemic
sclerosis, antiphospholipid syndrome)

Hematopoietic stem-cell or organ transplantation

George JN, NEJM 2014




Thrombotic Thrombocitopenic Purpura (TTP)

First described by Moschkowitz in 1924

Moschkowitz E, Proc NY Path Soc 1924
Acute onset
Rare: 5-11 cases / milion people / year (underestimated?)
M:F ratio 1:3
Peak of incidence: IlI-1V decades
Two forms: congenital (<5%); acquired (>95%)

Mortality reduced from 90% to 10% with appropriate therapy (PEX)

Risk of recurrence: 30-35% (acquired form)

Caused by ADAMTS13 deficiency



What is ADAMTS13?

A Disintegrin And Metalloprotease with ThromboSpondin-1 repeats

o It limits platelet-rich thrombus formation in the small arteries by cleaving
unusually large (UL) VWF multimers under high shear stress

« ADAMTS13 cleaves the VWF subunit at the Tyrl605-Met1606 peptide
bond in the A2 domain

Shear applied 35 dynes/cm?2 “."'.'-'-‘

No shear By AFM probe rotating disk
\'l./‘
a2 o‘\ i!
A2 domain (? "q‘"\

(Y1605-M1606)

Globular Short Extended
vWEF Extended chain
chain

Furlan M, et al. Blood 1996; Tsai HM. Blood 1996; Zheng XL, et al. JBC 2001; Levy GG, et al. Nature 2001; Fujikawa K, et al. Blood
2001



ADAMTS13 deficiency

Deficiency of plasma ADAMITS13 activity leads to accumulation of UL-
VWF multimers in the microcirculation, luminal platelet aggregation and
microvascular thrombosis




ADAMTS13 deficiency and TTP

Normal activity levels: 40-160%
Mild-moderate deficiency: activity levels between 10%-40%
Severe deficiency: activity levels < 10%

- Severe ADAMTS13 deficiency is tipically associated with TTP acute
episodes (2/3 of patients)

- Mild-to-moderate ADAMTS13 deficiency is not specific for TTP and
can be found in almost all type of TMAS

|

DETECTABLE ADAMTS13 activity levels
do NOT help in the differential diagnosis among TMAS



ADAMTS13 in the differential diagnosis of TMAS

Typical HUS
Veyradier A et al Bloo®001

Atypical HUS
Remuzzi G et al Bloo2002

Lupus eritematosus systemicus
Mannucci PM et al Haemotologi&903

HELLP syndrome
Lattuada A et al Haematologi@é®03

APS
Austin SK et al BJRPO0O8

Sepsisinduced DIC
Ono T et al, Bloo®006

N° patients
studied

46

29

36

17

68

109

Severe
ADAMTS 13
deficiency

(<10%)

13%

34%

0%

0%

4%

16%

Mild -to-moderate
ADAMTS 13
deficiency

(10-40%)

4%

7%

14%

710%

28%

51%



TTP: clinical manifestations

Bleeding
+

Thrombosis

Thrombocytopenia

Central neurological
otften flitting and
variable 70-80%

Fever (=375°(C)

MNon-specific symptoms

Jaundice

Renal Impairment

Epistaxis, bruising, petechise, gingival
bleeding, haematuria, menorrhagia,
gastrointestinal bleeding, retinal
haemorrhage and haemoptysis

Confusion, headache, paresis, aphasia.
dysarthria, visual problems,
encephalopathy, coma (10%:)

Pallor, jaundice, fatigue, arthralgia or
myalgia

Resultmg trom microangiopathic
haemalytic anaemia

Proteinuria, microhaematuria

Cardiac Chest pain, heart failure, hypotension
(zastro-intestinal tract Abdominal pain
] ] 100 -
Diagnostic “pentad”. m First Episode
80 - m Second Episode
Third Episode
60 -
- microangiopathic hemolytic anemia w0 |
- low platelet 20 ] ll i l
- fluctuating neurologic signs 0 - ‘ . —mall
e & > & .2 o*,q».\% &
= fever QQ‘QQ &Q‘p&o\oq‘}g $°¢ O\OQO Qt\ &z&°®®°6°4®6$
SN » & O
’ . P &3 < 5\0" 'b&O on" Cgp
- renal impairment Fgd &
&

33 patients with 2 3 acute episodes Lotta LA. BJH 2010



TTP: classification

ADAMTS13

deficiency
(n.v. 40-160%)

Anti-ADAMTS13 auto-antibodies

[ Absent ] [ Present ]
Congenital Acquired
(2-5%) (98-95%)

\ 4

[ Gene sequencing ] [ Associated diseases? ]




Congenital TTP (USS, Upshaw-Schulman Syndrome)

2 R

Autosomal recessive disease (ADAMTS13 gene on chromosome 9934)

Dis UBL | CUB2

More than 150 mutations identified so far (>50% missense)

Different genetic mutations

Different phenotype severity
(residual ADAMTS13 levels)

(age of onset, recurrence rate)

()

Age of onset (years)

<
40 100%—
< < 90 %
<
30 . oo < o /
: ‘ ‘ T0%—
20 A < 604
A 50 %
10 * A 40%—
Qle e e° B> coo o 30%1
' ' ! ! ! ! N ! ! 20%—
D235H/ R692C/ H96D/ ¢.82_83insTL.2930_2935del/ R193W/ 109 =78
D235H R692C C951G | R1060W |c.2930_2935del R349C n=
C.4143_4144insA/ v8sM/ R1060W/  R1219W/ b '
€.4143”4144insA G1239V R1060W  R1219W
¢.718_ 724del/ ¢.291_319del/ B REACHED ADULT AGE WITH NO EPISODES, 5%
R910X €.4143_4144insA I ADULT ONSET,17% (>18 years)
Il INTERMEDIATE ONSET, 33% (2 months-18 years)
GenOtype I NEONATAL ONSET, 45%

Lotta LA, Human Mutation 2010



Acquired TTP: classification

— IDIOPATHIC

— SECONDARY
Drug-related (<15%): Quinine, Chemotherapy, Immunosuppressors,

Tienopiridines (ticlopidine, clopidogrel?), Estrogens
Autoimmune diseases (33%): SLE, LAC, RA, thyroiditis
Infections (viral, HIV)

Cancer (disseminated)

Pregnancy and post-partum (10-25%)



TTP: therapy

)

ADAMTS13

deficiency
(n.v. 40-160%)

|
)

Congenital Acquired
(2-5%) (98-95%)
' I
g ACUTE PHASE: b ACUTE PHASE:
fresh frozen plasma plasma-exchange +
(15-20 ml/Kg/die) ) iImmunosuppressors
' !
4 5 ) 4 )
REMISSION PHASE! REMISSION PHASE?
In selected cases. . ,
In selected cases.
fresh frozen plasma O MUNOSUDDIESSOrS
| (15-20 ml/Kg/2-4 weeks) S PP )




Congenital TTP: treatment options

NOW

Plasma infusion/exchange

Plasma-derived virally-inactivated factor VIII concentrates
containing ADAMTS13, such as 8Y (BPL; BioProducts
Laboratory, Elstree,Herts) (Allford et al, 2000)

...but... variable levels of ADAMTS13 in different concentrates of
FVII/VWE



Congenital TTP: treatment options

ADAMTS13 levels in plasma-derived VWF-FVIII concentrates

TAELE 1. VWF:Ag, HMW VWF Multimer Ratio, ADAMTS13 Activity, and Antigen in Selected Plasma-Derived YWF-FVIIl Concentrates

HW VWE

Factor VIl VWF:Ag multimer ratio ADAMTS13 ADAMTS13
Concentrate Lot number content (1LU/mL) (1UmL) inormal range: 0.85-1.21) activity (U/mL)® antigen (U/mL)*®
Koate®-DVI (5 lots)® 100 281+ 22° 0.39 =+ 0.04° 9.08 +0.70° g42+012°
Wilate® AD14A1814 g0 130 0.49 0.12 0.13
Humate® P 06669114 66 183 0.66 0.22 0.61
Alph anat_e“" B2ACO00111 100 165 0.09 2.30 3.87
Emoclot® 460804 100 54 0.16 0.22 0.58
Humafactor-8° 8615 25 8 0.24 <0.03° MD
Humafactor-8° BE17 100 24 0.61 <0.03° MD
Kedrion Exp. FVIII Conc.® 230/11 100 146 0.21 0.16 0.10

KoateVR-DVI (Grifols) contained relatively high amounts of ADAMTS13 and

AlphanateVR (Grifols) was the closest other product in terms of protease content.
(Peyvandi F et alAm J Hematol 2013)

FUTURE

Plasma-derived or recombinant concentrates of ADAMTS13



Acquired TTP: treatment options

Rituximab (375 mg/mg weekly, 4 weeks)

mouse-human chimeric monoclonal IgG1 antibody against CD20
— depletes B cells

1.0

CATEGORY=TRIAL _

10% relapses within 27 months '_‘—|_| e
compared to 57% in historic controls

0.8
l

ooooooooooo
--------

06

....................

0.4

Blood First Edition Paper, prepublished online June 2, 2011; DOI 10.1182/blood-2011-03-341131

Proportion in Remission

0.2

A phase Il study of the safety and efficacy of rituximab with plasma

0.0

exchange in acute acquired thrombotic thrombocytopenic purpura

Marie Scully’, Vickie McDonald?, Jamie Cavenagh®, Beverley J Hunt*, lan Longair, 0 10 20 30 40 50 60

. Relapse-free survival (Months
Hannah Cohen', Samuel J Machin* . ¢ )

RTX appears a safe and effective therapy

Inpatient stay and relapse are significantly reduced in the rituximab cohort
(George JNAmM J Hematol 2012; Scully M Hematology 2012)



From ACUTE PHASE

Disease duration is variable
Clinical response usually achieved after 9-16 days of PEX
Mortality highest in the first days from disease onset

Risk of exacerbation (new clinical sighs and symptoms within 30
days after normalisation of PLT count)

Still 10% mortality despite PEX




Novel therapeutic options in acute TTP

AIM: to reduce acute disease morbidity and mortality

- Recombinant ADAMTS13
- Inhibitors of VWF-platelet interaction (anti VWF-Gplb agents)

- Complement inhibitors (— novel pathogenetic mechanisms?)



Caplacizumab

Mode of action of the anti-vWF Nanobody*

> O
; (- , o

P
28 kD ;.{" b //

Caplacizumab binds to A1 domain of vVWF

Immediate inhibition of platelet string formation and consumption of platelets
faster normalisation of platelets

reduction of tissue damage

* Nanobody® is a biologic derived from heavy chain only antibodies



Caplacizumab Phase Il TITAN trial

Design and schedule

30 days 30 days

»
» <€

A\ 4

A 4

Placebo N=39 7~

1 year follow-up

30 days 30 days

P
<

v

I
»

RANDOMISATION

Caplacizumab N=36 o >
Target 1 year follow-up
110 subjects
Actual
75 subjects

Primary endpoint:
time to confirmed normalisation of
platelet count

Secondary endpoints:

plasma exchange frequency and volume; relapse;
exacerbations; mortality; major clinical events (stroke, M,
organ dysfunction); recovery from signs/symptoms; ADA v

Long-term endpoints:

‘v’

Safety & efficacy endpoints symptoms

ADA; relapse; non focal neurological




Proportion of patients without confirmed platelet response

Caplacizumab Phase Il TITAN trial

Primary endpoint —time to platelet normalisation

1 Time to platelet normalisation Caplacizumab
| : : 3.0 (2.7,3.9 4.9 (3.2 6.6
0.9
Median days ©5% CI), NO prior PE N =34 N = 35
0.8 - : . 2.4(1.9 3. 4.3(2.9, 5.
Median days ©5% CI), one prior PE (1.93.0 3(2.9,5.7)
N=2 N=4
0.7
~”
T =3 N =39
Overall hazard rate ratio (95% ClI) 2.2 (1.3 3.9
051 , caplacizumab vs. placebo N =75
0.4 i Stratified log-rank test p-value* 0.005
:
0.3 1 : ot
: 1 \_‘
0.2 1 : : o
: I & .
0.1 : : < O
: : — Caplacizumab No PE Prior to Randomisation = — = Caplacizumab PE Prior to Randomisation
0+ ! ! EE— Placebo No PE Prior to Randomisation - == Placebo PE Prior to Randomisation
I I I I I I I
0 5 10 15 20 25 30

*log-rank test p-value = 0.013 evaluated time to confirmed platelet response between the 4 groups presented above

The group of patients treated with caplacizumab achieved confirmed platelet normalisation
at more than twice the rate of the group receiving placebo



Caplacizumab Phase Il TITAN trial

Key secondary endpoints

Proportion(number)of subjects (ITT population) Capllla:ci??éj =

Complete remission 81% (29 46% (19
Exacerbation 8% (3) 28% (11)
28% (10) 28% (11)

Exacerbation and/or relapse upltmmonth followup

Deaths, n 0 2

In the caplacizumab treatment group a higher proportion of subjects achieved
complete remission and fewer patients had exacerbations of TTP



Caplacizumab Phase Il TITAN trial

Safety profile

Proportion of subjects (safety population) Cae\lla;:iégmab IID\:a:c:egl;o

Subjects with any TEAE 97% 100%
- with bleeding event 54% 38%

Subjects with any TE Serious AEs 57% 51%
- with serious bleeding event 6% 5%

Subjects discontinued due to TEAE 8% 0%

Increased bleeding tendency in caplacizumab treatment group

80% of reported events were mild

only 3 subjects required drug treatment; no requirement for vVWF/FVIII substitution

Caplacizumab treatment resulted in an increased tendency for mild/moderate
bleeding events but which were readily managed



Caplacizumab Phase Il TITAN trial: conclusion

The TITAN study met its primary endpoint in achieving a 39% reduction in time to platelet
normalisation

supported by a lower number of exacerbations

a higher number of relapses was observed during the follow-up period; majority can be linked with
unresolved disease activity (ADAMTS13 <10%)

generally mild increased bleeding tendency

Exploratory analyses suggest that caplacizumab more rapidly curtails ongoing tissue
damage (organ damage biomarkers)

Further analysis demonstrated that caplacizumab reduces the number of PE days in the
treatment of acquired TTP in line with the faster platelet normalisation

Low number of TE immunogenicity, without impact on PK/PD or safety



To REMISSION PHASE



TTP: risk of recurrence

45

Almost 1/3 of patients who survive the °

35

first acute episode of TTP will relapse after =

€ 25

1 month — many years and will develop a

chronic recurrent form of TTP. N I I I I
Zhan H, Transfusion 2010 ;:. l - - l:

1-3mo  3-6mo B—12mo <1 2-3yr 3-4yr 4-Eyr >5yr

Fig. 2. Time to relapse in patients who achieved remission on their initial presenta-
tion of TTE

Risk factors for recurrence?

Low ADAMTS13 levels (<10%) in remission phase
Infections
Surgery
Some drugs (estrogens, thyenopiridines, quinine, etc.)

Pregnancy



What to do in remission phase?

WAIT AND SEE
versus
PREVENTIVE THERAPY?

CONGENITAL TTP ACQUIRED TTP

PROPHYLAXIS
DURING REMISSION PHASE TREATMENT
Plasma infusion (30 ml/kg/day) DURING REMISSION PHASE

at regular intervals (every 3-4 weeks) ???




Prognostic markers in TTP

ACUTE REMISSION
PHASE PHASE

ADAMTS 13 (<10%) X X

Anti -ADAMTS 131gG X ?

(Veyradier et a/ Blood 2001; Vesely et a/ Blood 2004; Zheng et al Blood 2004; Coppo et al Medicine 2004; Raife et al Transfusion 2004;
Coppo et al Br J Haematol 2006; Ferrari et al Blood 2006; Ming et a/ Br J Haematol 2008; Peyvandi et al Hematologica 2008; Kremer-
Hovinga et alBlood 2010; Bettoni et a/ JTH 2012)




Conclusions

ADespite recent advances, TTP still remains a largely unpredictable disease

AMany opened questions on TTP:

- One third of patient show mild-to-moderate ADAMTS13 deficiency or even

normal levels in acute phase: other pathogenetic mechanisms?
> Which is the optimal treatment in acute phase?
> Which patients will relapse?

=2 Which is the best treatment in remission phase?
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