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Immune-Mediated
Thrombotic Thrombocytopenic Purpura

Pathophysiology e e S sy _ /\Vailable
. . 2 . : oF Treatments (251
Autoantibodies either neutralize or
increase clearance of ADAMTS13 [23].
I1gG antibodies are most common,
follwed by 16 and gM 24 s 9 99
—
Q Repletes deficient ADAMTS13
¢ Plasma Exchange
-
{ ™ T
Ultra-large von Willebrand G | PR O 4
factor multimers (ULVWF) v .
v
Bind to platelets and cause increased ’ e, "%
platelet activation and aggregation, -~ Suppress antibody production
forming platelet-rich thrombi

=N

Inhibits B-cell

Obstructs blood vessels, causing red
blood cell fragmentation, MAHA, and
end-organ ischemia

Thrombotic microangiopathies: An illustrated review Mouhamed Yazan Abou-lsmail, MD , Sargam Kapoor, MD Divyaswathi Citla Sridhar, MD Lalitha Nayak, MD Sanjay Ahuja, MD
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identified! [26]

is variable [26],
some may be
asymptomatic
(possibly due to
physiologic

Pregnancy
Infiection

Inflammation/
Trauma

Greatest risk is
during neonatal
period and early

adulthood/

pregnancy [12.24]

Clinical phenotype

adaptation to low
| ADAMTS13) [12]

Pathophysiology

Microvascular
Thrombosis

Hereditary
Thrombotic Thrombocytopenic Purpura

X

Half-life:

L]

Plasma Infusion

Plasma Exchange

Recombinant

ADAMTS13
(TAK-755)

3-8 days [26]

Treatment

Unlike immune-mediated TTP (ITTP),
hereditary TTP can be treated by
repleting deficient ADAMTS13 alone,
and its long half-ife allows for less
frequent replacement.

This can be accomplished with the
following modalities:

Plasma infusion is the current
standard of care for:

» treating acute episodes
» prophylaxis in those with
recurrent symptoms [12]

See “Supportive Management” abowe

Plasma exchange is considered in
severe clinical presentations or in
pregnancy [12]. It allows for
repleting larger amounts of
ADAMTS13 without causing
volume overload.

rADAMTS13 is currently

undergoing Phase Il trials for

treatment of hTTP. It offers the
advantage of avoiding transfusion
reactions such as allergic reactions,
TACO, or TRALI seen with FFP, and

had no reports of inhibitor
development [28].

It is also being investigated for iTTP.

FFP, fresh frozen plasma; TACO, transfusion-associated circulatory overload; TRALL, transfusion-related acute lung injury; VWF, von Willebrand factor

Thrombotic microangiopathies: An
illustrated review Mouhamed Yazan
Abou-Ismail, MD , Sargam Kapoor,

MD Divyaswathi Citla Sridhar, MD Lalitha
Nayak, MD Sanjay Ahuja, MD,




30603950 00MHMIdM GO F03MMby0M350005

Lobgo®mmdo 3006039960 250m3w0bgds 3dMMOEH MO0 35839690 gd0o
000390l v9335M0LMdS.
og> A@gboboo 37)3@0b (3030@0, OOYS BIILIOO s EIQHHOMO
658@638@@0 30801@000(36)_ (b(a()(“/’)b@ b()bb@ODBO)I bbgb@bbbgb
2969009900 LobO™o (ST- Sttt 0036MMO5b0HT0Y
HUS) 3Mb@odobomgdmeo (65Gers30L BboMo 56 oggams
1533900l BoEYdo. ©00bgBEHIM05) 56 Jogs

A&™gLobbBY.



STEC-Associated Hemolytic Uremic Syndrome

Management is
supportive; no specific
therapy has been proven
Formation of effective [6].
platelet-leukocyte = See "Supportive
aggregates, activation 0. Management” principles
of monocytes and | above.
neutrophils, releasing '
tissue factor [30]

Microvascular
thrombosis

expression [27]
Endothelial injury
and activation, increased platefet - Eculizumab and/or PLEX

i adhesion, activation may be beneficial for
prm::nt and aggregation [31] severe neurologic or
endothelium end-organ involvemnent,

but their benefit remains
uncertain [4].

MAC, membrane attack complex: PLEX, plasma exchange; STEC, shiga toxin-producing E. cell; TM, thrombomoduling VWF, von Willebrand factor
Thrombotic microangiopathies: An illustrated review Mouhamed Yazan Abou-lsmail, MD , Sargam Kapoor, MD Divyaswathi Citla Sridhar, MD Lalitha Nayak, MD Sanjay Ahuja, MD,
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Complement-Mediated Hemolytic Uremic Syndrome

..ILItU anti
plasma exchan

5- i 5_ immunsuppress

C3 convertase
(c3bBb)
4
Dysregulated Alternative
activation Pathw: ay
of the alternative St
pathway amplification Am Pllﬁcajflon
loop (32,33 .

[FacorB e

Thrombus

C5 convertase

5 (C3bBbC3h)

Terminal

Eculizumab
Ravulizumab

Dysfunctional
Management
g " e Endothelium
leads to endothelial in|
» Anti-<complement therapy e ! Il-nf
* Supportive measures
{5ee "Supportive Management” ahove)

CFH, complement Factor H; MAC, membrane attack complex; MCP, membrane cofactor protein; TM, thrombomaodulin

Thrombotic microangiopathies: An illustrated review Mouhamed Yazan Abou-Ismail, MD , Sargam Kapoor, MD Divyaswathi Citla Sridhar, MD Lalitha Nayak, MD Sanjay Ahuja, MD,
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Drug-Induced Thrombotic Microangiopathy

Immune mechanism Reported Causative Drugs [41]

P Management Antimicrobials

Quinine

T P 15 i 1

{Ciprofloxacin, levafloxacin)
Metronidazole
Famciclovir

Immunosuppressants
Adalimumab Gemcitabine
Muromonab-CD3 (OKT3) Oxaliplatin
Calcineurin-inhibitors Gemcitabine
(cyclosporin A, tacrolimus) Mitomycin
Sirolimus Pentostatin
Interferon a/B VEGF inhibitors
(bevacizumab, sunitinib)
Proteosome inhibitors
(bortezomib, carfilzomib,
ixazomib)
Emicizumab Ponatinib
Valproic Acid
Drug use
(MDMA, cocaine,
intravenous oxycodone)
Intravenous iImmunoglobin

* See "Supportive Management” principles above
iTTR, immune-mediated thrombotic thrombocytopenic purpura; PLEX, plasma exchange

Thrombotic microangiopathies: An illustrated review Mouhamed Yazan Abou-lsmail, MD , Sargam Kapoor, MD Divyaswathi Citla Sridhar, MD Lalitha Nayak, MD Sanjay Ahuja, MD
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Congenital Cbl-C or B12 Deficiency |

Occasional Schistocytes
Marked Non-immune
B ragmentaton B cievationof P Hemolyic
LDH Profile

Low Haptoglobin

Decreased Production . Thrombocytopenia

f'—\h:;—\ E
| PLATE "'f
S

Endothelial dysfunction
Homocysteine Vascular injury, Renal damage
MMA and other
toxic byproducts =
TRIAD OF TMA

Chapter Sixteen - Metabolism-mediated thrombotic microangiopathy and B12*, Hadi Goubran 2, Gaafar Ragab °, Waleed Sabry @
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Epidemiology, Outcomes, and Complement Gene *
Variants in Secondary Thrombotic Microangiopathies CJASN

Participants Etlologies Outcomes
; PP 3 Death or kidney failure during follow-up
Two European :
Reference % ﬂl' @ -% @
AN, aHUS TTP Shiga-toxin HUS
- HUS TTP Shiga-toxi
2009-2019 15% 9% 21% a ?::J ;x n SQoondary
Secondary TMA 56% 29% 28% T% 54%
336 patients @ e z Complement gene variants
admitted with 8 8 ﬁ a@ (pathogenic or likely pathogenic)
. ﬂers'ts:':: Stem cell  Solid organ Malignant W/ aHUS Secondary TMA
®© P transplant  transplant  hypertension 49% 3%

Conclusions: Secondary TMA represent the main cause of Alexis Werion, Pauline Storms, Ysaline Zizi, et al. Epidemiology,

LT R G B RN VR ETER B R S S SR Outcomes, and Complement Gene Variants in Secondary Thrombotic
and progression to kidney failure. Microangiopathies. CJASN. Visual Abstract by Nayan Arora, MD
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Cancer mlcroenwronment

» & , c
Intravascular tumor cell\‘ o K
agrregates and breakdown L N

Complement system
upreulation via lectin
pathway - MASP2

Destruction of
vascular endothelium

Alteration of
PDGF & VEGF

Decrease in ADAMTS13
Decrease in fibrinolytic activity

- L] ; E :,\_\ » -
RBC Fragmentation Microvascular thrombosis

Thrombotic microangiopathy

ADAMTS13, a disintegrin, and metallopeptidase with
thrombospondin motif 1 member 13; MASP-2,
Mannan-binding lectin serine protease-2; PDGF,
platelet-derived growth factor; RBC, red blood cell;
VEGF, vascular endothelial growth factor.

Onconephrology and Thrombotic Microangiopathy:
Looking Beyond the Horizon, Prakash Gudsoorkar,*
Ala Abudayyeh,™ Amanda Tchakarov,* and Ramy
Hanna, MD
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Transplant Associated Thrombotic Microangiopathy

Chemotherapy

Radiation

Causes of TA-TMA Acute or Chronic GVHD
Calcineurin inhibitor
Mammalian target of rapamycin
Infections: CMV, BK, Adeno virus,
Parvovirus B19, Aspergillus &
cryptococcal

Decreased VEGF

Increased dsDNA

Increased sT2

Complement Activation Mesangiolysis with edema and red blood cells

__,..--’
Pl
-
" 7
.*

;«.“‘Q ? Renal GVHD

\\‘ oy

Endothelial Injury "*-.__

, . ) . Proteinuria
Ba protein, Bb-associated protein; BK, BK virus; C3b, %

complement component 3b; C5b-9, membrane Hematuna. &
Hypertension

attack complex; CH50, total hemolytic complement  —

activity; CMV, cytomegalovirus; dsDNA, double- Elevated C3b, C:5b-9, Expansion of subendothelial space by

stranded DNA; GVHD, graft versus host disease; sT2, CH50,Neutropf?lI extracellular electron-lucent material

suppression of tumorigenicity 2; VEGF, vascular traps, Ba protein :

endothelial growth factor. e
ELSEVIER

Onconephrology and Thrombotic Microangiopathy: Looking Beyond the Horizon, Prakash Gudsoorkar,* Ala Abudayyeh,t Amanda Tchakarov,+ and Ramy Hanna, MD
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Renal Arteriolar C4d Deposition: A Novel Characteristic
of Hematopoietic Stem Cell Transplantation—Associated
Thrombotic Microangiopathy

Benjamin L. Laskin,"*® Julia Maisel,” Jens Goebel,’ Hong J. Yin,’ Guangju Luo,’
Jane C. Khoury,* Stella M. Davies,” and Sonata Jodele’

Background. The mechanism of kidney injury in hematopoietic stem cell transplantation (HSCT)-associated
thrombotic microangiopathy (TA-TMA) is not completely understood. Renal C4d staining is a marker of classic
complement activation and endothelial injury and has been described in preliminary reports of HSCT recipients with
TA-TMA. Our objective was to evaluate complement in the pathogenesis of small vessel injury in children receiving
HSCT. We hypothesized that kidney tissue from children with TA-TMA would more frequently show C4d deposition
compared with HSCT recipients without histologic TA-TMA.

Methods. We reviewed kidney specimens (biopsy or autopsy) from children who had undergone HSCT at a single
center. Using histologic criteria alone, subjects were divided into TA-TMA (n=8) and non-TA-TMA (control) groups
(n=12). C4d staining was performed by immunohistochemistry and evaluated on arterioles, peritubular capillaries,
glomeruli, and tubular basement membranes.

Results. Diffuse or focal renal arteriolar C4d staining was more common in subjects with histologic TA-TMA (75%)
compared with controls (8%). Rare peritubular capillary C4d staining was present in 50% of TA-TMA samples and
was absent in controls. Glomerular C4d staining was seen at a similar frequency in cases and controls, whereas tubular
basement membrane staining was less frequently observed and only in subjects with TA-TMA.

Conclusions. Arteriolar C4d deposition may be a pathologic marker of TA-TMA, implicating localized complement
fixation in HSCT recipients with kidney disease secondary to small vessel injury. Further studies to better characterize
the preferential arteriolar C4d staining may identify a renal compartment of injury, possibly explaining the dramatic
hypertension seen in TA-TMA.
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Defibrotide: Properties and clinical use of an old/new drug. R. Pescador, L. Capuzzi, M. Mantovani, A. Fulgenzi, M.E. Ferrero




Complement blockade for TA-TMA: lessons learned from a large pediatric cohort treated with eculizumab

HIGH RISK TA-TMA DGN ( either A, B or C) ’ ECULIZUMAB THERAPY ’ MONITORING DURING THERAPY

A. TA-TMA Confirmed by Tissue Histo]ogy Patient’s weight <10 kg Eculizumab 300 mg IV over 60 min PRIOR TO THE FIRST ECULIZUMAB DOSE:
I 7 Patient’s weight 10-39 kg Eculizumab 600 mg IV over 60 min */CH50
® sC5b-9
B. TA-TMA diagnosed by high risk Patient’s weight = 40 kg Eculizumab 900 mg IV over 60 min * ADAMTS13 activity
Laboratory and Clinical Markers « Cystatin C GFR

* 5 of 7 markers present Pre-therapy complement activation assessment

» must include high risk markers #6
and #7

* MODS assessment

Elevated sC5b-9 2244ng/mL Normal sC5b-9 <244ng/mL

-

. LDH above normal for age

Loading doses l
2. Schistocytes on blood smear

NOTE:
For subjects not able to maintain

DURING THERAPY:
* Before each dose: CH50, eculizumab drug

Q72 hour dosing with eculizumab

3. De novo thrombocytopenia or
increased transfusion requirements

4. De novo anemia or

trough = 100 mcg/mL and CH50<10%
until sC5b-9 normalizes or =5 doses

trough eculizumab level = 100
mcg/mL due to high drug clearance,

concentration (trough)

* Twice a week: sC5b-9, LDH

dosing interval may be shortened.
l » Weekly: UA with Ur pr/cr ratio, haptoglobin,
free plasma hemoglobin, RBC/plat
transfusion requirement, Cystatin C GFR,
MODS assessment

increased transfusion requirements

5. Hypertension >99% for age (<18 years)
or >140/90 (218 years of age)

Induction therapy

Next treatment phase may only be

Sdqyscosinglung| initiated after achieving steady

eculizumab trough > 100 mcg/mL

6. Proteinuria 2 30mg/dL x 2 or random <l therapeutic trough eculizumab level
urine protein/crea%:!ine ratio 2 2mg/mg SCSb{;Z r:ﬁiﬁizg{;‘;eg?grg?sdo;lg% of of = 100 mcg/mf and normal sC5b-9
7. Terminal complement activation at least x2 STOP ECULIZUMAB THERAPY when:
(elevated plasma sC5b-9 above normal) Maintenance therapy i * eculizumab trough level is >100mcg/mL
and/or continuously rising
I Patients <10kg; advance dose schedule to 300mg Q14days x2 doses ’ o sCh5-9 remains normal

C. TA-TMA with MODS

* No active hematologic TA-TMA signs
e . Patients =10 kg: reduce current dose by 300mg, give Q7days x4 doses }
1. 5 of 7 B criteria with al least one high risk

* MODS improved or no progression

marker present (either #6 or #7) Therapy taper J * Above listed criteria are sustained for at
2. Evidence of MODS least two dosing cycles with the lowest
(see MODS definition) Pts 10-20kg lowest dose 300mg; >20 kg lowest dose 600mg, Q7days x2 } dose given listed in Therapy taper phase

LDH: lactate dehydrogenase, sC5b-9: soluble terminal complement complex activity, MODS : multi-organ dysfunction syndrome, CH50: total complement activity
(fully suppressed is <10% of lower normal laboratory value), Ur pr/cr ratio: random urine protein/creatinine ratio.

Sonata Jodele,Christopher E. Dandoy,Adam Lane,Benjamin L. Laskin,Ashley Teusink-Cross,Kasiani C. Myers,Gregory Wallace,Adam Nelson,Jack Bleesing,Ranjit S. Chima,Russel
Hirsch,Thomas D. Ryan,Stefanie Benoit,Kana Mizuno,Mikako Warren,Stella M. Davies, Complement blockade for TA-TMA: lessons learned from a large pediatric cohort treated with
eculizumab, Blood, 2020, P
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