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The complement is everywhere...

\ B Alzheimer's Disease
: Stroke
Schizophrenia
Epilepsy
AMD
Glaucoma
Diabetic Retinopathy

| could benefit from
complement inhibitors
| guess

Infectious Diseases
Sepsis, SIRS
I/R injury

Psoriasis

Myasthenia Gravis Asthma, Allergy
ARDS, Cystic

Fibrosis

SLE > i
PNH

Hereditary Angioedema

Myocardial Infarction

aHUS (and HUS)
MPGN-I|

Multiple Sclerosis L
Lupus nephritidis

Trauma, Burn Inju ' ;
jury Crohn's Disease

Gapiiany LealsSyidrme j Rheumatoid Arthritis
Obesity, Diabetes | }
. AR Atherosclerosis
Cancer _ Vasculitis

Fetal Loss | Biomaterial Reactions (Hemodialysis, Implants,..)

Transplant Rejection

Ricklin D et al. Adv Exp Biol Med 2013



...and definitely in aHUS (what is aHUS?)

‘IIIIIIIIIIIIIIII

Hl TLDH
+ | Haptogiobin
W | MAHA
TH ROIV[_BOTIC FEATU RES .
NO PREREQUISITE | g 11
‘MICRbANGIOPATHY HUS e
»| STEC- HUSPIIIIIIIIIIII ESREL sesssssssmmss
[ Stool/Swab Culture ]
Stx detection
Serclogyl PCR
Icobalamin ¢| [Pneumococcal Autoimmune Drug-induced BMT Infection Malignancy Posttransplant | | Pregnancy 1ary
aHUs aHUS aHUsS aHUs aHUs aHUS aHUS aHUsS aHUS aHUs
’{Homocysteing' Bacterial Culture) ANA E E ( HIV \[ Eactor H Ab ] I I—} C3,C4,FH, FI
| Methionine S. Pneumoniae Anti-ds DNA 0 u Hep A& C - > Anti-FH Ab
1 Methyl urinary antigen | | Anti-phospholipid - - CMV u CD46 FACS
-malonic acid +ye Coombs Anti-Scl70 . . Influenza H1N1 m gg;—éggrggiﬁf
MMACHC T-anti ACA n n : . s |
genstics deiecigigg RMNA polymerase 11 u n ;EEU_) u genetics
N——— - 7\ A - Y MLPA
: i g Complement mutations are sometimes present 7y

Goodschip THJ et al. KDIGO Controversies Conference. Kidney Int 2016




The complement cascade (my apologies)

Classical pathway Lectin pathway

Alternative pathway

IgM, 1gG Mannose bacteria,viruses, tick-over
Immune complexes residues
C1q,C1r,C1s MBL, Ficolins  FB -F2, c3(H,0)Bb
,1 \ / MASP1-3 C3a
C4,C2 ! C3b <11 FH, MCP,
MCP, CR1 , I < CR1. THBD
Clinh c4gp ~F! | C1inh | ’
C4BP, DAF ---+ C4bC2a FB FD, capgp +--- FH, CR1,
C3 convertase 3 C3 convertase |«P DAF
o)
C3 /-”Efa’{‘°9/\9 0 C3
M caa g M csa
c3b L Cifb
C4bC2aC3b (C3b),Bb +--- FH

C5 convertase

Cbha ‘/1

C5b-9

Noris M, Remuzzi G. Seminars in Nephrology 2017

C5 convertase

CD59
Clusterin
Vitronectin

COMPLEMENT ACTIVATION

FINE, BUT WE NEED BRAKES....



Promotors and triggers of aHUS

Mutation in C3 or factor B
Acute phase reaction
Pregnancy and postpartum
Bone marrow transplantation
Plasma exchange

Certain cytotoxic drugs
Infections

Autoimmune diseases
Shiga-toxin

Solid organ transplantation

Therapeutic complement inhibition

Malignancy et

Regulation

A

Activation

Y

Acute phase reaction
Pregnancy
Plasma exchange

Mutation in regulators (factor H or |,
CD46, thrombomodulin)

Autoantibodies against factor H

Y Infections leading to sialic acid

removal (e.g. Str. pneumoniae,

Influenza A)?

Regulation > activation — No pathology
Regulation < activation — aHUS or secondary HUS

Jokiranta TS Blood 2017




Complement activation is procoagulant

Cell and tissue damage

OO
Intrinsic/contact Tissue factor e,,%/o
activation pathway pathway

Classical Lectin Alternative
pathway pathway pathway

Factor X C3-convertases
* C3 (and C5) activation *
by thrombin
Thrombin - =¥ C5-convertases

v

Fibrin clot _+ Microthrombi Membrane attack
complexes
Degranulation

and aggregation

T

Platelet activation

‘A FUTURE FOR CO EMENT BLOCKADE IN THROMBOTIC DISEASES?’

Jokiranta TS Blood 2017







The genetics of factor H

i 00000000000000

FHR1

FHR2

000 co
00 -

00 00000 00

FACTOR H ANTIBODIES
Noris M, Remuzzi G. Seminars in Nephrology 2017




The elusive homozygous CFHR1/CFHR3 deletion

COMBINED GENETIC AND ENVIRONMENTAL FACTORS!

Noris M, Remuzzi G. Seminars in Nephrology 2017



Odds of findings a pathogenic mutation in TMA?

P=0.0063
g -
% Disease &
% control groups
a TMA A o
& 20- ) mutation In ¢
C36

‘8,-, (n=37)
8 1000Gs
c (n=2504)
g P=0.0192
& 10- ‘

1 | 1

Single variant 2 variants >3 variants
Combined rare/novel variants per subject

Bu F et al. JASN 2015



Mutations in aHUS/C3G: a common soil

C3GN JHUS

@ 9

mFH ®mFl mC3nef mC3 mFHAB mCHFR mFH mFl mMCP mC3 mFHAB
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Secondary HUS: does it still exist?

HUS with coexisting diseases or conditions

+ Haemopoietic stem cell + Autoimmune diseases
transplantation + Drugs

+ Solid-crgan transplantation  » Malignant hypertension

+ Malignancy + Pre-existing nephropathy

Infection-induced HUS

+ 5 pneumoniae-HUS

« STEC-HUS

» Others (influenza A, HIN1, HIV)

Cobalamin C defect-HUS

Haemolytic uraemic syndrome

DGKE-HUS

HUS with dysrequlation of Mutations in CFH, CFI, MCE (3, CFB, THBD
Atypical { the complement alternative
HUS

pathway Anti-CFH antibody

HUS without identihed complement or DGKE mutation or anti-CFH antibody

o

Fakhouri F. et al Lancet 2017




clinical investigation www.kidney-international.org

Patients with hypertension-associated ®Cmm
thrombotic microangiopathy may present
with complement abnormalities

see commentary on page 1271

Sjoerd AM.E.G. Timmermans', Myrurgia A. Abdul-Hamid?, Joris Vanderlocht”’, Jan G.M.C. Damoiseaux’,
Chris P. Reutelingsperger’ and Pieter van Paassen'; for the Limburg Renal Registry

Table 1| Baseline clinical features and laboratory evaluation

Patient No. Age (yr) Sex BP (mm Hg) SCr (umol/l) uProt(g/d) uRBC ESRD Hb (mmol/l) LDH (U/) MAHA® Platelets (x10%/1)"

1 384 F 184/140 1730 NA NA Y 5.1 1800 Y 224 Dilatatad Eng

2 403 M 2057114 1195 23 Y Y 57 1104 Y 158 Gisrieitingnd pulsating vessels

3 377 M 200/120 586 3.9 Y Y 53 2125 Y 100 haemorthage ——

4 320 F 180/120 1138 NA NA Y 59 1486 Y 142 et ol
5 650 M 195/105 162 15 Y \ : \ 08 —pots

6 411 F 180/120 334 0.7 Y Y N N ciili

7 285 F 224122 1065 1.6 Y Y N star — Qedema
8 279 M 240/150 673 16 Y Y N (exudates) of the

9 440 F 220120 649 0.4 Y AR

BP, blood pressure; ESRD, end-stage renal disease; F, female; Hb, hemoglobin; LDH, lactate dehydrogenase; M, male; MAHA, microangiopathic hemolytic anemia; N, no; NA, not
applicable; SCr, serum creatinine; uProt, proteinuria; uRBC, hematuria; Y, yes.

*Cases with hemolytic anemia and schistocytes on peripheral blood smear were defined as MAHA.

B ower limit of normal = 130 x10%/1.

‘Severe’ hypertens ight allude to s in absence of TMA



The case of malighant hypertension

First episode of TMA

[ chitgren | [ Aduls |

Identify STEC-HUS
Supportive STECHUS Stool culture for STEC and PCR for stx genes Rule out TTP !
treatment & or test for free stx or 0157 antigen with or (e ----{---~=--==-=-- ..p| PlasmaADAMTS13 activ
without LPS serology vs STEC serogroups (if <10%, anti-ADAMTS13 ant
Identify SP-HUS 7 R R
Amoxicillin Blood, CSF, pleural fluid culture, and test for 'd,t‘":j'fy I‘?"'Ste";d'?*T
or third T SP soluble antigen with or without SP PCR s 'f‘:{ﬁﬁ/‘\“*
g tion Chest radiograph or CT scan wiRREE Pl e by igeien » I{’ i Or:y tests(HIV, HSéral
cephalosporin DAT (direct Coombs test) with or without 2ignant y‘:m'?n;'.o W P |
T-F antigen detection systemic diseases, dry
Identify cblC-defect-HUS
T e e e e e Plasma homocysteine concentrations
A s A Concentrations of methylmalonic acid
with folinic acid, betaine, -~ 3 G P
i iariting inurine or plasma with or without [
MMACHC direct sequencing (ifhigh | | | —777""
concentrations of MMA)
During initial work-up (5-7 days
I Initial work-up (<24-48 h) |1— » Start daily PE with FFP
(1-1:5 plasma volume per session
Supportive treatment = =
Uncertain benefit from  f€— Id;g,t(lgf:ezg::c:,:us Early onset (<2 years) Atypical HUS
PE and eculi b g
Plasma (3, C4, CFH, and CFl with or without CFB dosages, anti-CFH antibodies, MCP expression on Ieukocyi
* Screening for mutations in CFH, CFl, MCP, €3, CFB, THBD* and for CFH hybrid gene’
| Anti-ceH antibody >1000 U/mL. | % v IHUS

| PE and IS with or without eculizumab |

First-line eculizumab within <24h of onset whenever
possible. If not available, start PE with FFP
(60 mL/kg per session; use Pl if PE not available)

‘Switch to eculizumab
Haematological remission under PE does
invariably lead to renal function improven

Identify coexistent disease-related TMA
Medical history, physical examination,
] ) laboratory tests (HIV, ANA, anti-DNA, and APL) —p{ Specific treatment
» Malignant hypertension, HSCT or SOT, malignancies,
systemic diseases, drugs, or HIV
During initial work-up (5-7 days)
— Start daily PE with FFP
(1-1.5 plasma volume per session)
Atany age
Personal or familial history of atypical HUS
Recurrence of HUS in the renal graft

All patients with atypical HUS are eligible for eculizumab treatment, including those with normal platelet c@
Do notwait for complement genetic tests tostart eculizumab because the earlier the initiation of eculizum 3, CFB, THBD™ and for CFH hybnd gene i

the better is the renal outcome

—s, anti-CFH antibodies, MCP expression on leukocytes

v

No trend towards increase in platelet count
Check complement blockade, eculizumab concentration,
or C5 polymorphism
Recheck and complete differential diagnosis
Non-complement-mediated TMA

l Persistent thrombocytopenia during first 7-10 days of eculizumab '—b

|

<—| Persistent thrombocytopenia after 7-10 days of eculizumab |

Fakhouri F et al.

Lancet 2017

1

(CHS0 <1¢

v

l-laemamloglcal remnssion underPE does not
invanably lead to renal function improvement

First-line
eculizumab




The case of malighant hypertension

A
5 ADAMTS13!
5 ® ®
()]
wn
@
S Cprsh
-§ 1y
= dysfunction 25750
m O
K CSE o%??
ET-11 - Coa
= > C5b-9 &
MHT Pre-eclampsia-HELLP aHUS TTP
Scleroderma renal crisis
< >

Endothelial dysfunction — inflammation — oxidative stress

Van Laecke S et al. Kidney Int 2017

>

VHIN/eluadolfooquiody |
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Nasr SH et al. JASN 2007/Salvatore SP et al. Am J Nephrol 2015

N

/

Hypertension

Mostly male

Thickening GBM/TBM

[ Mesangial expansion
[ Negative IF

Arteriolar Hyalinosis }

Chronic TMA
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ty aHUS?
teaa

Pregnancy-associated a‘US: second

Y e

Pregnancy: Servais et al. NDT 2016

CAPS: Kazzazz NM et al. Curr Opinion Rheumatol 2016
STEC-HUS: Fakhouri F et al. Lancet 2017; NCT02205541
SLE: SciaScia S et al. Rheumatol Int 2017




bjh

Effective treatment of chemotherapy induced atypical
Haemolytic Uraemic Syndrome: a case series of 7 treated
patients

Case Age Sex

27
42
66

61
66

57
22

F

correspondence

Drug Tb count Tumour R/ weeks Outcome

Dasatinib - CR; T Ca 6m later

Bevacizumab 50 [ CR; t Ca 9m later

Gemcitat- CR

Gemcitabine CR

Gemutab‘ CR

Gemcitabine 150 Urothelial CR

Bleomycin !’ — ogln ongoing

THEY GOT CHEMOTHERAPY!

14000 EURO per treatment
of 1200mg
MEAN 16w: 124,000€

The Telegraph
Business

Economy Companies Opinion Markets Alex Telegraph Connect Events Open Econ¢

OOOOOOOOO

e e ]
< > 14019 Viewall (fm)‘v;@@

Soliris |

WHAT IS THE NATURAL
COURSE?

Weitz IC et al. BJ Hematol 2017 ™ ‘A LIMITED COURSE OF 12-24 WEEKS MAY BE APPROPRIATE’
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No beneﬁt Wlth ECU“ZU md b'P ______ -G

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Genetic Variants in C5 and Poor Response
to Eculizumab

Nephrol Dial Transplant (2012) 27: 3807-3815
doi: 10.1093/ndvgfs394

Nephrology Dialysis Transplantation

Original Article

Best supportive care and therapeutic plasma exchange with or
without eculizumab in Shiga-toxin-producing E. coli O104:H4
induced haemolytic—uraemic syndrome: an analysis of the German
STEC-HUS registry

Nishimuri J et al. NEJM 2014 - Fakhouri F et al. Lancet 2017

Cell membrane

s DGKE 5
o PIP2 /. '

' . '
) ’ e '

N .
= '

Endothelial cell g
330300J)JJJJJN)Q'OJONOJJOJ- + Apoptosis QP9999900000
Basement membrane R IATLALL ¥ - Angiogenesis

000000000000000000000000000(~Migration 50000000000

DGKE mutation

Metabolic profile of MMACHC deficiency

Homocysteine 2 Methionine deficit Methylmalonic acid
accumulation accumulation
Deregulated glutathione metabolism Enhanced activity of
factors XIl and V

Deregulated protein folding
Cytoskeleton disorganisation
Endothelial cell -

Increased oxidative stress

et

Q0000000000000 00000000000000000 N T 22200
Basement membrane Increased

SMC proliferation
QIIIIIIIIIIIIIIIIIIIIIIIIIIIINIIIN 200

Cobalamin C deficiency




How to monitor patients on ECULIZUMAB?

CH50
(<10%)

(<10%)

AH50

ECL (ELISA)
50-100pug or
>100pug/mL?

Free C5
Anti-C5

Consumption

Deficiencie

OIS

Measuring
complement

Activation

Turnover

Opsonization

Tissue damage

Goodschip THJ et al. KDIGO Controversies Conference. Kidney Int 2016/ Ricklin D et al. Mol Immunol 2017




Am J Transplantation 2017

ECL and meningogetcal disease:

4 - 3 \__ . - ﬂ
’ A

e

INCIDENCE x 1000-5000

d 1 death
- | 80% Peni-S; 100% Azithro-S

W2 FROM THE CENTERS
Wi % ) %54 FOR DISEASE CONTROL
WA=e® \ND PREVENTION

High Risk for Invasive
Meningococcal Disease
Among Patients Receiving
Eculizumab (Soliris)
Despite Receipt of

Meningococcal Vaccine

L. A. McNamara®*, N. Topaz, X. Wang. 5. Hariri,
L. Fox and J. R. MachNeil

| 14/16 at least 1 vaccination and majority NON-GROUPABLE SEROTYPE




Meningoccal septicemia according to RCT

Children

CD8-002

NCT00844545/
NCT00844844

N=17

CD8-003

NCT00844428
N=20

NCT00838513/

C10-003
NCT01193348

N=22

C10-004
NCT01194973

N=41

\ 4 \ 4

\ 4

Post Hoc Analysis
N=100

Native
Kidney
N=74

Legendre C et al. Transplant Int 2017

N

y

Transplanted
Kidney
N=

26

Clinical
Trial

Current
Analysis

2/100 (no AB prophylaxis)
First 26 weeks
Long-term risk elusive....




The mechanism behind this association

Group G
Straim 4243

Lectin Classical Alternative

5¢ I
ACH 4471
v l v

C3 — C3a

'

]
N _ 3 Hrs brcubastion
C3b Opsonization B Ho inhibior
10° 4 Group B B ACH 4471
T - Srrain Suekbec
Eculizumab C5 —>—»  C5a —» OPA? il
% 10"
C5b-9 e
Csh — (MAC) >4 SBA %
o
=107

Inhibition of release of C5a
(= upregulation of phagocytosis)

Konar M et al. Blood 2017
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aHUS after transplantation: why at risk?
Driving force

DURATION OF S
PROPHYLAXIS j ——

CFH/CFHR1 Isolated CFI Isolated MCP
CFH Positive anti-CFH Ab Negative anti-CFH Ab
c3 Homozygous gtgt CFH

CFB Combined MCP

< Y e

Complement activation

Endothelial insults
G s> = =
-
No ECD - <l
Short CIT Triggers MTOR-i

CMV

Zuber et al. Transplant Rev 2013



When to stop ECL: the extremes

Living Donor Kidney Transplantation in Atypical Hemolytic
Uremic Syndrome: A Case Series

Caroline Duineveld, MD,"* Jacobien C. Verhave, MD,"* Stefan P. Berger, MD,”
Nicole C.A.J. van de Kar, MD,” and Jack F.M. Wetzels, MD'

N=17 (mean age 47); 16 pathogenic mutation
ECL only for relapses after tpx
Low dose TAC+aggressive BP control
Median 25m FU (7-68 months)

20,000,000 €

AJKD 2017



When to stop ECL: the extremes

Clinical diagnosis
of
aHUS

Minimal period of

treatment and absence
of extrarenal disease

Adult Child Transplant

Transplant patients,
especially those who

Complete recovery of :
renal function in children auggrvgﬁ’so.sztlr%rﬁ‘g? ggod IS THIS A CONSISTENT
>3 years of age candidates for treatment POLICY?
cessation

If eculizumab is to be discontinued close periodic monitoring of renal function and
hematological parameters is mandatory. There are NO data to inform the frequency of
testing

Goodschip THJ et al. KDIGO Controversies Conference. Kidney Int 2016



ECL does not prevent ABMR nor C3G

* Last serum creatinine (umol/l)

>' 72

B

Pt1 J:>' 124 ¥ C3 Glomerulonephritis
P2 E' 93 MIE Plasma exchange
Pt3 |_*_*_> * 157 \ Thrombotic microangiopathy
P4 IlIlIltl > 133 2& Subclinical thrombotic microangiopathy
Pt5 J > ¢ 12 4 Antibody-mediated rejection
PE D> o7
Pt7 L > 187
P18 » Ecu removal °* 77
Pt9 uml:l g ] % JEII > . 171
P10 3¢ SN o 2 QR
P11 m Ecu removal

- and then TMA recurrence
P112 h‘l

dQE E d300 d600
: o - » Ecud25
F- S » Ecud6

Levi C et al. Transplantation 2017



ORIGINAL ARTICLE
Current evidence on the discontinuation of eculizumab
in patients with atypical haemolytic uraemic syndrome

Manuel Macia®, Fernando de Alvaro Moreno?, Tina Dutt?, Ingela Fehrman®,
Karine Hadaya’, Christoph Gasteyger® and Nils Heyne’

CASE REPORTS ¥ 16/52 (31%) TMA MANIFESTATION
CLINICAL TRIALS (61/130 DISCONTINUED) m» 12/61 (20%) MANIFESTATION WITHIN 24 WEEKS
GLOBAL AHUS REGISTRY (72/296 DISCONTINUED) 12/76 (overall 16%-10% in adults) TMA MANIFESTATION
Acknowledgements

6&";’ aHl"_Fl':%ITL J

aHUS Allianc
i,

Iaﬂusﬂllia n:l?p*d'\uw

The authors thank Jimmy Wang of Alexion Pharmaceuticals,
Inc. for support with statistical analyses. Medical writing
support (funded by Alexion Pharma GmBH) was provided by
CKJ 2017 Matthew deSchoolmeester, PhD, of Bioscript Medical Ltd.




Withdrawal of ECL: data from French registry

hd
[
Q
)
(¢0] 100 iL_a I LA . L
o Iy | ~ No variants detected 38/108 withdrew ECL
L 8oy 1 . .= MCP variant
3 *==1 1 - CFH variant
& 601 l 5
> 1 I
2 a0] e .
o | I ——
on 201
8
S 0 -
o 0 6 12 18 24
(O]
a Months
Number at risk
CFH 11 7 5 2 0
McP 8 7 5 3 1 ‘At the discretion of the physician...
No variant 16 15 14 8 6

B continued  Ediscontinued no relapse  m discontinued relapse
Fakhouri F et al. cJASN 2017
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Do we overdose ECL?

1-week interval

7 800, N

_EI infusion PP

S weight* OP3

= 600 Pr4

Py o ors
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2-week interval

0 5
Infusion number

10 15 20 25 30

Volokhina E et al. Clin Pharmacology and Therapeutics 2017
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Novel complement-based therapies: the pipeline

S e Soluble CR12
C1 inhibitor? APTO703
TNTO009 (8““'015)2 Comps[atin4
B —
Classical Eculizumab (anti-C5)2
(C4) ALN-CC5?2
Lectin » c3 —>» C5

Alternatuve

Purified factor H1

(C4) ¢ \
Lampalizumab (anti-factor D)?

TT30 (CR2-factor H)3

Thurman JM, Le Quintrec M. Kidney Int 2016



Conclusion

* aHUS vs. secondary aHUS: to which extent is complement involved?
* Gene abnormalities only part of the game
 Complement blockade for secondary HUS: CAVEAT bias

* MHT-TMA vs. aHUS with severe hypertension: Criteria? biomarkers?
Trials?

* Meningococcal bacteremia in 1-2% medical argument for withdrawal
* Feasibility of withdrawal? Genotyping? LD? Biomarkers?
* The pipeline is not empty.



Thank you for your attention




