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Cancer-associated
TMA [40, 41, 54]

Complement proteins are critical for the development of cancer neovascularization by altering endothelial cell function and
WEGF expression. Thrombin generation can activate the complement system

Drug-related TMA

Direct toxic effect on endothelium, antibodies to VEGF, or immune complex-mediated damage to endothelium! Dieficiency

[41] of prostacyclin would promote platelet aggregation and vascular constriction. Levels of plasma thrombomodulin, a sign of
endothelial activation, along with tissue plasminogen activator and plasminogen activator inhibitor-1, are increased
TMA occurred more often with VEGF-ligand inhibitors than with tyrosine kinase inhibitors, which more often caused damage
to the podocytes
Direct dose-dependerit endothelial cell taxicity with gemcitabine and mitomycin C

Pregnancy Diagnosis most often occurred postpartum (94%), after a cesarean delivery (70%). Abnormalities in complement genes are

[42, 52, 53] relatively common. Eculizumab could be an effective treatment
The onset of TMA in preeclampsia and HELLP syndrome occurs during pregnancy and improves after delivery, while P-aHUS
dewvelops in up to 70-75% of cases postpartum and in case of prepartum, aHUS does not improwve after delivery

Solid organ In kidney transplantation rule out primary aHUS if unknown cause of CKD. CNI and mTOR inhibitor toxicity, antibody-

transplantation [87]

mediated acute rejection. and infections could trigger TM.A

Hematopoietic stem
cell transplantation
[43]

Severe multivisceral TMA associated with a high mortality (>80%). Multifactorial endothelial cell damage: chemotherapy,
total body irradiation, CNI toxicity, graft versus host disease, and infections

Autoimmune
diseases [44, 45]

Systemic lupus erythematosus: endothelial cell injury mediated by immune complexes. Formation of the MAC through the
classical complement pathway

Antiphospholipid syndrome: two-hit hypothesis: First hit: binding of anti-b2GPI antibodies to their target on endothelial cells
leads to the upregulation of adhesion molecules and tissue factor. Second hit: inflammatory trigger and activation of the

complement cascade lead to thrombosis

Systemic sclerosis: vessel wall intimal proliferation and lumen obstruction

Infections [46-49]

HIV, CMV, HHV6, and parvovirus: potential direct viral endothelial cell toxicity

HI1N1{ unmasking of T-F antigen on red blood cells and endothelial cells has been suggested (see Streptococcus prneumoniae below)

5. pnewmoniae: neuraminidase cleaves sialic acid residues off of endothelial cell receptor glycoproteins and exposes the T-F
antigen. IgM anti-T antibodies bind to newly exposed T-antigen and damage endothelial cell. 8. prneumoniae activates human
plasminogen that degrades fibrinogen and cleaves C3b, mediating endothelial cell injury

Coexisting
nephropathies [50]

IgA nephropathy, C3 glomerulopathy, or other membranoproliferative glomerulonephritis, ANCA, or anti-GBM vasculitis could
be complicated with TMA
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Patient characteristic Adjusted odds ratio 95% CI m

SCr level =200 |.ImDI.r'L (2.26 mg/dL) 8.8-62.5 <0.001

Platelet count =30 x 109/L 9.1 3.4-24.2 <0.001

‘—'—, Adapted from Coppo P, et al. PLoS One. 2010;5(4):e10208.

ClinAdvHematolOncol2016; 14(11)quppl11): 215
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First association with aHUS ACFHR1/ACFHR3 deletion?

Anti-CFH c3
autoantibodies’ mutation’
CFH MCP CFHRS
deficiency’ mutation’®

VTN
mutation® Pl G mutation® mutation”

CFH . CFB i THBD DGKE
mutation mutation

mutation’ mutatic Jn: 4

Summation of total mutations from 9 £ SFH, >140 mute mc-n~ in CFH, > 1, = t . g C. s =500 mutations, including CFH,
aHUS cohort studies v C3, CFB, THBD,? C i CFl, CD46,

O EVIONMLOMOG VEWV YEVETLKWV tapaAlaywv BonBouv otnv KaAUTEPN
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] = -652. 2. Rodrigue srdoba S, et al. Semin Thromb Hemost. 2014;40(4)
4. Lemaire M, et al. Naf ( ef. - 3 _ 5. 2 i

22-430. 3. Westra D, et al. J Hum Genet. 2012.57(
iology. 2016;221(1 124-1130.
1267-1279.9. Noris M, et al. Clin J Am Soc Nephrol. 2010:5(10):1844-1859._
042/BSR20140117
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2809-2819_ 8. Caprioli J, et al. Blood. 2006 (
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Noris et al. [19], Fremeaux-Bacchi et al. [10], Fujisawa et al. [32],
International Register France Japan
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CFH, complement factor H; CFI, complement factor I; CFB, complement factor B; MCP, membrane cofactor protein; TBHD
thrombomodulin.
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Mutation aHUS incidence Type of deficiency Risk of recurrence
post-transplant

CFH 20-30% 70% Qualitative and 30% quantitative Low in 30% (guantitative deficiency) 70-80%
MCP 10-15% 70% Qualitative and 30% quantitative Low in 30% (guantitative deficiency) Low (unless associated with
other mutations)
CFI 5—10% 70% Qualitative and 30% guantitative Low in 30% (quantitative deficiency) 70-80%
CFB 1-49% — Always low 100% (only 4 cases reported)
THBD 3-5% — Low in 50% Unknown but probably very low
Cc3 2-10% Majority are guantitative Low in B0% 40%
Anti-CFH Abs 6% MN/A Low in 40—-60% 40-70% Depending on
associated mutations
CFHR 1-5 Unknown Usually qualitative Mormal unless it is associated with Unknown
other mutations
Combined mutations 10-12% Variable Variable Variable

Front Med (Lausanne). 2014; 1: 52.







clinical investigation

_Clinical and genetic predictors of atypical hemolytic uremic syndrome phenotype and outce
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Time from initial aHUS presentation (years)
Paediatric Events 56 9 2 1 1 2 0 1 1 1 2 1 1 0 0]
At Risk 376 169 146 124 110 95 89 76 68 64 56 45 38 31 26
Adult Events 96 11 3 4 4 3 2 2 o] (o] 0 1 0 1 1
At Risk 432 119 85 68 55 a4 35 27 20 20 19 18 14 14 11
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JClinPharmTher 2022 Jul;47(7):1081087



ORIGINAL ARTICLE

Terminal Complement Inhibitor Eculizumab in Atypical Hemolytic—Uremic
Syndrome

C.M. Legendre, C. Licht, P. Muus, L.A. Greenbaum, S. Babu, C. Bedrosian, C. Bingham, D.]. Cohen, Y. Delmas, K. Douglas, F. Eitner, T. Feldkamp, et al.

Pretreatment
55, Period 26-Wk Treatment Period
504

Count (x10-*liter)

PLTEs

T T T T T T T T T T
6 8 10 12 14 16 18 20 22 24 26

Weeks of Eculizumab Treatment

Mean Change from Baseline

(ml/min/1.73 m?)

Mean Change from Baseline GFR

 JORIFL TSN TR PR s v U SO EN [T SIS, ST DY DO SO SR TEON, O, SO S ] TR DR, SO SN ANV SO SEOVE) SO JO S SO ST
No. of 17 16 16 15 15 14 15 15 15 15 14 O 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
Patients Weeks

No. of 5: {6.121716:16:16.15°15 1515:15:15:25-15:13:15 13
Patients

37 s APEHE>138s

Mean Hemolytic Activity (%)

T T
8 12 16 20

Weeks of Eculizumab Treatment
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Eculizumab Safety: Five-Year Experience
From the Global Atypical Hemolytic Uremic
Syndrome Registry

Eric Rondeau', Spero R. Cataland?®, Imad Al-Dakkak®, Benjamin Miller?,
Nicholas J.A. Webb®® and Daniel Landau, MD®
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The long-acting C5 inhibitor, Ravulizumab, is effective and safe in adult patients
with atypical hemolytic uremic syndrome naive to complement inhibitor
treatment

Who was tested? » What was done?

56 patients with aHUS =

Reduced Platelets Bavulizumab +::_ Day 1

hemoglobin <150 x 10°/L induction
dose

Open label » »

singlearm (7%

s

oo
| 4 b | o
Increased Scr Increased LDH Ravulizumab - = ay.

maintenance Day 71

All patients with acute TMA doses
Day 127

INTERNATIONAL
¢ JTERNATION

@ kidney

V h LJIStyl 0 S f S | Kidney Int. 2020 Jun;97(6):128296
V pad
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Age at time of first infusion (years)
Mean (5D)
Median (min—max)
Age at time of first infusion (years), n (%)
>18 to <30 years
230 to <40 years
240 to <50 years
250 to <60 years
>60 years
Sex: Female, n (%)
Race, n (%)
Asian
White
Unknown

Other

401u9575m

11 (19.6)
17 (30.4)
15 (26.8)
5(8.9)
8(14.3)

37 (66.1)

15 (26.8)
29 (51.8)
8 (14.3)

4(7.1)

¢

h

i

w

BA - A

Baseline CKD stage, n (%)

t 1 0
I 3 (5.6)

| 3a 1(1.9)

| 3B 2 (3.7)

. 4 9 (16.7)
(s 39(12)]

Kidney Int. 2020 Jun;97(6):128296
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The long-acting C5 inhibitor, Ravulizumab, is effective and safe in adult patients
with atypical hemolytic uremic syndrome naive to complement inhibitor

treatment
Who was tested? » What was done?

n

3

56 patients with aHUS Early normalization of hematologic parameters

Ravulizumab |(g=—= S
induction = a2y
dose

Reduced Platelets
hemoglobin <150 x 10°/L
Open label »

singlearm

Proportion of patients reaching
individual endpoints (%)

1 15 22 29 LAl 8s " n3 27
4 Visit (Days) 4
53 52 s SO SO

Ravulizumab [gree=a WO Number of 55 55 55 54
i patients

maintenance Day 71 vz TAOA S —
All patients with acute TMA doses

88% with eGFR <29

Increased Scr Increased LDH so

3t morowrment = Serom Createw S Sauriee

Day 127 *Hematologic normalization is defined as normalization of both platelet count (2150 x 109/L} and LDH {5246 U/L).

52% on dialysis

INTERNAT!ONALy

URNAL OF THE INTERNATION
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Long-Term Efficacy and Safety

of the Long-Acting Complement C5
Inhibitor Ravulizumab for the Treatment
of Atypical Hemolytic Uremic Syndrome
in Adults

iti i Long-term extension
400 Initial evaluation P‘ES g

350 '
300
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200
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100
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o T T T T T
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MetaBoAn tou eGFR og evnAlkeg aoBeveic pe aHUS Uotepa ano Oeparieia pe

ravulizumab

eGFR categories at

baseline (N=47)*

eGFR categories at day 183 (mL/min per 1.73m?)!

1 2 3a 3b 4 5

88% eGFR <29
52% on dialysis’ (290) (60-89)  (45-59) (30-44)  (15-29) (<15)

2 (60-89) 3 (6.4) 2(43) 121

3a (45-59) 1(21) @) J

3b (30-44) 2 (4.3) 2(43)

[4 (1529) 7 (14.9) }1~.,(,2§f1,) | | 3(64)
5 (<15) 34 (72.3) j6(12.8) \6(123) 3 (6.4) 3(6.4) \5 (10.6) 1 (23.4)

(
atr<oon'GER! "> w 7
s w ’
QrioLivko ¥ GAR 4% '
\ﬂlﬁkbn‘ﬁ AC58.69B 1 Y

~
hA 68.1%
hA 69.8%:

) Kidneyint Rep (2021) 6, 16@3613
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26-week evaluation period™ 26-week evaluation periodz BN e >>

2000 1

m Anytime
& T 1001 M EOI
2 i i i 3 M Pre-dose
® 1500 1 I E
e 7 | 2
£+ 8§
i oY
Q E -
€ == 1000 1 (= Target serum-free C5 concentrations o
09 Q@ —~ 19 <05ug/mL *
O — E —El ._._.-.-._._._._.t.-._._...._._._._._._._._._.*_.:_.-._._._.:p._._
£ L o : * o A
3 500 1 2o ol * i * *
; LoE2e AN ] ¢
- = == . *
175 eeieeeenen. RaVUliZUMAD serum concentration target threshold ) ’i ? T i b
Error bars represent :SD / 0.01 i X
= T T T T A N S T FST S T e e T e S e e o
Dosing BL 15 20 43 57 71 85 99 T3 127 141 155 169 183’ }t 115 29 43 57 %1 85 99 113 127141155169 183 351575743
Visit (days) Visit (days) Extension phase
Number of Number
paleie st - 2 or % & S 8 A0 w43 W8 B A6 Ke of patients 5% 55 52 52 51 5150 49 44 49 48 46 45 46 42 23 8

€ h Fravulizmaly 7 Twis 8 A ha s

— r h c ~ < ~

1. Rondeau E, et al. Kidney Int 2020;97:1287 9& [Supplement]; 2. Rondeawu E, et al. Kidney Int 2020;57{&):1287 96&; 3. Barbour T, et al. Kidney Int Rep 2021;6:1603-13 [Supplemanit]



E ESOT ! Tranzplant
International

First Report on Successful Conversion
of Long-Term Treatment of Recurrent
Atypical Hemolytic Uremic Syndrome
With Eculizumab to Ravulizumab in a
Renal Transplant Patient

Ulrich Jehn®, Ugur Altuner, Hermann Pavenstadt and Stefan Reuter
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Transplint. 2022; 3510846.



RESEARCH ARTICLE Open Access

Efficacy and safety of the long-acting C5
inhibitor ravulizumab in patients with
atypical hemolytic uremic syndrome aHWs4 1:25000 éykufioguwes |, A 8
triggered by pregnancy: a subgroup

analysis

Anja Géckler’?, UIf Schénermarck?, Vladimir Dobronravov®, Gaetano La Manna®, Andrew Denker®, Peng Liu®,
Maria Vinogradova® Sung-Soo Yoon” and Manuel Praga®
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BMCNephrol 2021 Jan 6;22(1):5
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FACITFatigue:score overtimel Functional Assessment of .Chronic lliness

40

FACIT Fatigue

20

1

& Observed values

——

I

Mumber of
patients

51 53 52

T
71

48

T
183

T
351

Wisit (Days)

48

T
575

T
743

QoL B3
> B

’

1

v ' °

h

>

h

B

w G

h

"FACI® 08&I%>h A hh * (3H44)- A A ' >wi”h

! wo, A > w

Kidney Int. 2020 Jun;97(6):128296

Y A RV @S bJn éciivi ¢ gvoc M O



To ravulizumab amnoteAel tnv Bepaneia npotipnong twv acBevwyv pe aHUS
gvavtL tou eculizumab

® [ overall treatment preference (n = 50) I} 4 p<0001 | * XTN HEAETN mMpoTipnong Bepamneiag to
Frequency of infusions (n = 50)—JE[i] p < 0.001 ravulizumab fitav n Bepaneia emAoyng

p < 0.001 yla T cuvTpLTikn mMAsloPpndio twv

p < 0.001 acBevwv pe aHUS

Ability to travel/go on vacation (n = 49)
Benefit to patient's quality of life (n = 50)

Ability to plan social activities (n = 49) p<0.001 OL acBeve i.(: dJEI[VE'L'C[L Vol EK'ELIJ.OI:J'U

Infusion duration (n = 50) p < 0.001 Wlaltepa tn BeAtiwon oTnv moLoTnTa
Ability to go to school/work (n = 41) p<0.01 {WwN¢ Toug AOyW TOU apULOTEPOU XPOVLKOU
Ability to control aHUS (n = 50) SLOOTAUATOC METALY TWV XOPNYNTOEWY TNG
Perfection of effectiveness (n = 50) BEPU-T[E iaq

Cost of treatment (n = 49 . ' .
¢ } * Hmnpotiunon unep Tou ravulizumab

ETUKPATNOE UTIER TNC MPOTWNOEWC VLA TO
eculizumab oe OAec TIC EPWTHOELC OLKOLLOL
p<0.05 KOlL UTEC TIou adopouloov TV

Convenience of treatment location
e.g. home, infusion center) (n = 44)

Perception of side effects and safety (n = 48)

Concem related to aHUS worsening (n = 48)

Concem related to infusion (n = 48) p<0.05 ClT[D'EEJ\.EGLlU.‘ElKéTnTCI KOlL TLC
Convenience of infusion injection (n = 33}-_3 avemBuunteg evépyelec tng Bepamneiag
I T T T T I T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Proportion of respondents (%)

m Somewhat/strongly prefer ravulizumab = Somewhat/strongly prefer eculizumab No preference[

*Complete TMA response was defined as platelet count normalisation ( (2150 x 10 9 /L), LDH normalisation (=246 U/L) and 225% improvement in serum creatinine from baseline
aHUS, atypical haemaolytic uraemic syndrome; BL, baseline; eGFR, estimated glomerular filtration rate; LDH, lactate dehydrogenase TMA, thrombotic microangiopathy’ Gagkler A, et al. BMC Nephrol 2021;22(1):5



NpodiA acddAelac tou ravulizumab os eviiAikeg acBeveic pe aHUS

/EI H Bepamneia pe ravulizumab 6ev glxe WC AMOTEAECHUA KATIOLEC LN QAVOLEVOLEVEC \
QVETILOU UNTEC eVEPYELECTH?
* OMAol ol aocBeveic mapouoiacay 21 avemBUUNTEC EVEPYELEG?
o o ouyVvEC: TTovokedahog, SLappoLa KAl EPETOC

* JoBapéC AVETIIOUUNTEC EVEPYELEC TIOPOUCLACTNKAV O 56.9% TwvV aloBsvwy (mepiodog
HUEAETNC EMEKTAONC)?2

\ o Tlo CUXVEC: UTIEPTAON, TIVELULOVLIA /

BMCNephrol2021;22(1):5
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