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an acute febrile pleiochromic anemia with hyaline thrombosis of 
arterioles and capillaries

Moschcowitz. Arch Intern Med, 1925

hemolysis, platelets[?]
SCr 1.1 mg/dL

left–sided
hemiparesis

d14 d15

died

d9d1

16 F w/ fever,
purpura

1924





consumptive
thrombocytopenia

MAHA
schistocytes

ischemic organ
damage



an acute febrile pleiochromic anemia with hyaline thrombosis of 
arterioles and capillaries

Moschcowitz. Arch Intern Med, 1925



all roads lead to Rome



van Doorn et al. COMPETE [NCT04745195], 2021–2025

18; 34%

7; 13%
6; 11%

4; 8%

4; 8%

14; 26%

HT complement pregnancy AID TTP others

pregnancy, n/N=3/7

53



van Doorn et al. Mod Pathol, 2025; Kidney Int, 2024

keep an eye on kidney–limited TMA ≠ HUS

TMA
N=119, 100%

<150 G/L
n/N=83/119, 70% 

≥150 G/L
n/N=36/119, 30% 

MAHA +
n/N=51/119, 43% 

MAHA –
n/N=32/119, 27%

n/N=68/119, 57%
+

MAHA –
n/N=2/24, 8%

≥150 G/L
n/N=8/24, 33%

C–TMA
N=24, 100%

n/N=8/24, 33%
+



a historical perspective on the nomenclature of HUS TMA

1983

Shiga toxin
E. coli [STEC]

favorable vs.
dire prognosis

D+ HUS vs.
D– HUS

TTP vs.
[atypical] HUS

TTP/HUS

1998

ADAMTS13[1]

complement[2]

1990s

etiology
unknown

neurologic vs.
kidney disease

modified from Fakhouri et al. Lancet, 2017

Volkskrant, 2011

[1]Furlan et al. 1998
[2]Warwicker et al. 1999

hemolytic uremic
syndrome [HUS]

1955 2011



the renaissance of therapeutic complement inhibition

[1]Licht et al. Kidney Int, 2015; [2]Frémeaux–Bacchi et al. Clin J Am Soc Nephrol, 2013

Ecu[1] BSC[2]

PR/CR ≥80% ?

ESKD <20% ∼65%

meningitis is rare
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all roads to TMA – atypical HUS as a diagnosis per exclusion

Goodship et al. [KDIGO] Kidney Int, 2017; modified from Brocklebank et al. Clin J Am Soc Nephrol, 2018

Fakhouri et al., 2010
n/N=18/21, 86% pregnant
women carried variants

Le Quintrec et al., 2008
n/N=7/24, 29% kidney 
recipients carried variants

“additional work is 
required to define the 
impact of complement 

risk factors in these 
subgroups” [KDIGO]



the coexisting conditions are diverse and so are the outcomes

infection STEC
HT 

emergency pregnancy
transplan–

tation DITMA cancer
auto–

immunity other[s]

N 184 35 20 197 96 144 105 48 31

low platelets 93% 97% 86% 93% 90% 91% 95% 92% 84%

SCr, mM 150 424 486 71 168 159 114 194 97

dialysis 26% 66% 60% 4% 27% 24% 12% 25% 10%

Bayer et al. Clin J Am Soc Nephrol, 2019

564 patients with TMA, incl. TTP [n=18, 3%] and primary atypical HUS [n=15, 3%]



the coexisting conditions are diverse and so are the outcomes

infection STEC
HT 

emergency pregnancy
transplan–

tation DITMA cancer
auto–

immunity other[s]

N 184 35 20 197 96 144 105 48 31

low platelets 93% 97% 86% 93% 90% 91% 95% 92% 84%

SCr, mM 150 424 486 71 168 159 114 194 97

dialysis 26% 66% 60% 4% 27% 24% 12% 25% 10%

ESKD risk[1] variable low high variable variable low low variable N/a

[1]Timmermans et al. J Clin Med, 2021; Bayer et al. Clin J Am Soc Nephrol, 2019

564 patients with TMA, incl. TTP [n=18, 3%] and primary atypical HUS [n=15, 3%]

akin to primary atypical HUS, suggesting complement dysregulation



“hypertensive ESKD” may be a devil in disguise

[1]González et al. Nephrol Dial Transplant, 2010

“benign” nephrosclerosis “malignant” nephrosclerosis

mild CKD moderate CKD ESKD

untreated

∼75% treated[1]





patients with TMA and hypertensive emergency may have C–TMA

patient no. BP SCr,
µmol/L

MAHA plts,
*109/L

C3,
g/L

CH50,
%

variant[s] ESKD

1 184/140 1,730 Y 224 0.69 95 C3 Y

2 205/114 1,195 Y 158 WNR 97 CD46 Y

3 200/120 586 Y 100 WNR 94 C3 Y

4 180/120 1,138 Y 142 0.63 104 CFH Y

5 195/105 162 N 98 WNR 99 None N

6 180/120 334 N 285 WNR 97 CFI Y

7 224/122 1,065 N 228 0.72 110 C3 Y

8 240/150 673 N 133 WNR 90 None Y

9 220/120 649 N 340 WNR 113 None Y

Timmermans et al. Kidney Int, 2017



Gili Trawangan, Indonesia;

summer of 2017

47y–old male was found unconscious
BP >220/120 mmHg

hypertensive retinopathy III/IV

SCr 1,980 μmol/L; anuria/dialysis
pK 2.9 mmol/L

platelets 270,000 /μL, mild MAHA



Atlanta, GA

expert center for immune–mediated kidney diseases and vasculitis/Limburg Renal Registry

Pompeii



47y–old male presented w/ TMA and coexisting hypertensive emergency

February, 2023
eGFR 41 mL/min/1.73m2

C4 ND
C3 ND
CPFA ND
APFA ND

CFI, THBD
CFH–H3

ADAMTS13 42%; no diarrhea; no response despite BP control
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cultures/serology ––

drug[s] ––

ANA/dsDNA ––
LAC/B2GPI/CL ––
ENA ––

courtesy Limburg Renal Registry



can we better detect complement–mediated TMA?

Timmermans et al. J Am Soc Nephrol, 2018; modified from Noris et al. Blood, 2014

resting/perturbed
HMEC–1

patients’ serum
vs. pooled NHS/controls

IgG C4d

C5b9C3c

C5b9C3c

kidney biopsy



[1]Timmermans et al. J Am Soc Nephrol, 2018; [2]Kidney Int Rep, 2021

the prevalence of complement
dysregulation varies widely[2]

can we better detect complement–mediated TMA?

ex vivo C5b9 formation on resting and ADP–activated cells[1]

resting ADP–activated



deregulated complement is prevalent in patients with hypertensive emergency

Timmermans et al. Hypertension, 2020

HE ± extrarenal
disease

TMA on kidney
biopsy

ex vivo C5b9 formation
on the endothelium

complement dysregulation shear stress–induced TMA

818

9/18 0/8pathogenic
complement

variant[s] in
genes

BP control
effective (n/N=5/8)

BP control not
effective (n/N=17/18)

risk of TMA after
kidney transplantation

massive normal

El Karoui et al., 2019
HE in primary aHUS
39/76, 51%

Cavero et al., 2019
HE in primary aHUS
19/55, 35%

Larsen et al., 2018
variants in “microangiopathy”

0/100, 0%

Halimi et al., 2022
HE in primary aHUS
40/61, 66%

Zhang et al., 2020
“malignant nephrosclerosis”

7*/20, 0%



eculizumab’s efficacy in TMA and hypertensive emergency

van Doorn et al. 2026 [unpublished]; NCT04745195

day –3,
presentation

day 0,
baseline

month 12,
end of study

response

no response

SOC

SOC/eculizumab

primary aHUS
hypertensive emergency
pregnancy
dnTMA after KTx
“autoimmunity”

TMA on PB/KBx
eGFR <45 mL/min/1.73m2

G5/ESKD

CKD SOC* SOC/ecu*

G2 0 1, 11%

G3 0 2, 22%

G4 2, 40% 2, 22%

G5 3, 60% 4, 44%

*similar age, SCr, plts, LDH, C3

N=42



NCT05726916

day –10,
presentation

day 0,
baseline

month 6,
end of study

SOC

SOC/eculizumab1:1

HYPERSHU, an open–label randomized controlled trial

eculizumab’s efficacy in TMA and hypertensive emergency

BP >180/110 mmHg

encephalopathy;

retinopathy III/IV; and/or
cardiac involvement

TMA on PB
SCr ≥354 mM; 4.0 mg/dL

atrophic kidneys

“high” suspicion of C–TMA
“high” suspicion of STEC or TTP
secondary TMA

active infection
pregnancy

N=66 results in 2027[?]

primary aHUS
hypertensive emergency
pregnancy
dnTMA after KTx
“autoimmunity”

TMA on PB/KBx
eGFR <45 mL/min/1.73m2



back to the French observations and correct interpretation

infection STEC
malignant 

HT pregnancy
transplan–

tation DITMA cancer
auto–

immunity other[s]

N 184 35 20 197 96 144 105 48 31

low platelets 93% 97% 86% 93% 90% 91% 95% 92% 84%

SCr, mM 150 424 486 71 168 159 114 194 97

dialysis 26% 66% 60% 4% 27% 24% 12% 25% 10%

ESKD risk[1] variable low high variable variable low low variable N/a

[1]Timmermans et al. J Clin Med, 2021; Bayer et al. Clin J Am Soc Nephrol, 2019

564 patients with TMA, incl. TTP [n=18, 3%] and primary atypical HUS [n=15, 3%]

MUMC [n=8]

patients had moderate AKI,
but no renal sequelae
2/8 carried a CFHR4 variant

HELLP
167/197, 85%

• 96/96 CNIs
• 54/96 infection[s]
• 32/96 cancer
• AMR[?]



most patients with “secondary” TMA present with normal regulation

hypertensive emergency
pregnancy
kidney transplantation

N 110

SCr, mM 344 [44–2,210]

dialysis 40%

variants ∼5%

ESKD 37%

response to Ecu ––

TMA recurrence 1/73, 1%

[1]Le Clech et al. Kidney Int, 2019; [2]van Doorn et al. Kidney Int, 2026 [accepted]; modified from Praga et al. Kidney Int, 2019

acute, non–recurrent form of TMA[1]

acute, recurrent form of TMA

3/24 “hereditary” CKD
3/24 IgAN
1/24 ANCA GN

other causes of secondary HT[2]



antiphospholipid syndrome–related TMA

NHS APS

C5b9 C5b9 IgG2IgG1, 3, 4

APS APS

C3c, n/N=7/17

direct effect on EnC?

Timmermans et al. Blood, 2020

antiplatelets and/or
–coagulation, n/N=14/17



“secondary” disease [APS] versus complement–mediated TMA

van Doorn et al. unpublished, 2025; NCT04745195

VEGFC

IRF1
IL6

Sacharidou et al. Blood, 2018

IFN type I/II signaling,[1, 2] IL6[2]

in APS nephropathy
NO stimulates VEGF

in APS

[1]Erkan et al. Ann Rheum Dis, 2014
[2]Tektonidou et al. Rheumatology, 2024



Dutch’ approach for the management of TMA

“hypertensive [emergency]” AKI

TMA on PB and/or KBx

secondary TMAsuspect C–TMA

infection (e.g., STEC)
drug use
cancer
autoimmunity
transplantation
miscellaneous

known carrier
familial/recurrent TMA
age <45 years

pregnancy
dnTMA after KTx

TMA not detected

secondary HT

renin/aldosterone
cortisol
MRA

glomerulo–/nephropathy
screen for “genetic” CKD

treat accordinglyanti–C5 mAb treat accordingly

B
P

 c
o

n
tr

o
l

modified from Morelle, Timmermans [IWG/ERA] et al. Nephrol Dial Transplant, 2025

anti–C5 mAb in
non–responders[?]



enough is most of the time enough

Bouwmeester, […] van de Kar. Kidney Int Rep, 2021

Ecu for 13.6 wk
[2.1–43.9]



complement gene variants predict the prognosis

“TMA threshold”

treatment

Timmermans et al. Kidney Int Rep, 2021

Fakhouri et al., 2021
variants vs. WT after Ecu
12/28, 43% vs. 1/27, 4%

Acosta–Medina et al., 2023
variants vs. WT after Ecu
71/168, 42% vs. 12/112, 11%

Bryant et al., 2025
variants vs. WT after Ecu
4/12, 33% vs. 0/11, 0%



complement defects can be the key factor of ESKD in patients
with TMA and “secondary” conditions [hypertension, pregnancy, and kidney transplantation]

“CUREiHUS” coordinated the introduction of eculizumab in the Netherlands;
we learned a lot ever since and our approach is evolving

to treat TMA, you have to detect the TMA in the first place

mail: sjoerd.timmermans@mumc.nl
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C3 Glomerulopathie
De diagnose

• De achtergrond - pathofysiologie

• De behandeling

• Het vooruitzicht



Wat is C3 Glomerulopathie?

1 - 2 C3G patiënten
per 1 miljoen mensen per jaar

Kinderen > volwassenen



Wat is C3 Glomerulopathie?

1 - 2 C3G patiënten
per 1 miljoen mensen per jaar

Kinderen > volwassenen

Overwijk R et al, KI Reports 2026. A decade of C3 glomerulopathy – a nationwide cohort study



Presentatie C3G 
• Algehele malaise 
• Hematurie 
• Proteinurie
• Nefrotisch syndroom
• Hypertensie
• Verminderde nierfunctie
• Rapidly progressive glomerulonephritis

• Drüsen



Stellen van diagnose C3G
• Symptomen bij presentatie
• Bloed- en urine onderzoek; laag C3  in bloed is verdacht
• Nierbiopt = Gouden standaard
• Complement onderzoek

• C3Nef, C4ef, C5Nef, Complement eiwitten, activatie producten
• Genetisch onderzoek complement genen



Membraneuze proliferative
glomerulonefritis- MPGN

MPGN

C3 glomerulopathieImmuun Complex
Glomerulonefritis (IC-MPGN)

Infecties Auto-immuun ziekten Monoclonale 
gammopathie

Primair / 
idiopathisch

C3 glomerulonephritis Dense deposit disease

Pickering M et al, C3G Consensus report , Kidney Int 2013



Mashayekhi M et al, Kidney Med 2026



Membraneuze proliferative
glomerulonefritis- MPGN

MPGN

C3 glomerulopathieImmuun Complex
Glomerulonefritis (IC-MPGN)

Infecties Auto-immuun ziekten
Monoclonale 
gammopathie

Primair / 
idiopathisch

C3 glomerulonephritis Dense deposit disease

Ontregeling van het complement systeem



C3G Patient Journey



Praga M et al AJKD 2026



C3 glomerulopathie

➢ Verworven (±70%)
➢ Aangeboren (±10%)

Sterke C3 aankleuring

“Dense deposits”



Vivarelli M et al, Pediatr Nephrol 2021, adapted from KDIGO 2016, Kim et al, ASN Kidney News 2026 







Op weg naar gerichte behandeling C3G
• Complement remmers

• Eculizumab

• Nooit officieel effectiviteit getoetst in C3G, geen trial

• In NL: vergoedings-mogelijkheid voor kinderen, maar niet voor volwassenen

• Iptacopan, 

• Internationaal onderzoek bij volwassen met C3G in eigen nieren is klaar  

• Internationaal onderzoek bij kinderen vanaf 12 jaar met C3G in eigen nieren is 

gaande

• Nog geen vergoedingsstatus in Nederland

• Pegcetacoplan

• Internationaal onderzoek bij volwassenen / kinderen >12 jaar met C3G / IC-MPGN  in 

eigen nieren / transplantaat nier is afgerond. 

• Nog geen vergoedingsstatus in Nederland



Phase 3 

IPTACOPAN
Remmer van factor B
C3G, 
age >18

APPEAR studie
2 keer per dag tabletje

PEGCETACOPLAN
Remmer van C3 en C3b
C3G, p IC-MPGN, 
age >12
native /Tx

VALIANT studie
2 keer per week sc



Iptacopan in C3G

Kavanagh D et al, Lancet 
2025



Pegcetacoplan in C3G

Fakhouri F et al, NEJM 
2025







Hoe goed is goed genoeg?

Adapted from National Renal Therapeutics Centre at ESPN RC 2026 Florence



Hoe goed is goed genoeg?

Adapted from National Renal Therapeutics Centre at ESPN RC 2026 Florence 2026



Stoppen of vertragen van de nierfunctie achteruitgang ? 



Hoe monitoren we de complement inhibitie ?

Langemeijer S et al, Clin Chem Lab Med 
2025



Kan nierbioptie informatie verschaffen over 

gebruik van complement therapie?
• Lichtmicroscopische kenmerken gecorreleerd met proteinurie

• Endocapillaire hypercellulariteit / dubbelcontouren capillaire vaatwand

• Mogelijk voor beoordelen effectiviteit van behandeling – Iptacopan trial : samenstellingactiviteit index 

nierbiopt

• Let op processen in nierbiopt in tijd hebben verschillend herstel-vermogen: Inflammatie / C3 

deposities/ vaatwand remodelling (Iptacopan trial : samenstellingactiviteit index nierbiopt)

• Variatie beoordeling endocapillaire hypercellulariteit / inflammatie – immunohistochemie anti-CD68 

(macrofagen identificatie) beter ?



Iptacopan vs Pegcetacoplan, welke?



Additionele immunosuppressie nodig?

Toegevoegde 
waarde?

Of toch niet?



Discontinueren ja? Zo ja, wanneer?

• C3G vs aHUS
• Trials geven geen info of je kan stoppen
• Bij complete remissie van proteinurie / hematurie?
• Welke biomarkers kunnen hierbij helpen? 
• Nephritic factors aanwezig ja / nee?
• Onderscheid genetische ‘driver’ vs auto-immunologische ‘driver’ ?



Hoe C3G te behandelen in niertransplantatie? 



Samenvattend C3G – targeted complement therapie

• Complement inhibitie is effectief in de behandeling van C3G 

• Het is niet de perfecte behandeling voor iedere C3G

• Hoe de behandeling te monitoren?
• Biomarkers? Welke? Proteinurie? Hematurie? Hoe laag proteinurie?
• Wanneer biopsie?
• Voldoende toediening geneesmiddel? Spiegels? 

• Welke keuze in medicament? 
• Is de een beter dan de ander? Switchen? Icm immuno-suppressiva? Klinische trial?

• Kan complement inhibitie ook gestopt worden? Bij wie?
• Biomarkers? Welke? Proteinurie? Hematurie? Hoe laag proteinurie? Biopt?

• Kunnen de nieuwe anti-B cel therapieën helpen om nephritic factors te verwijderen?
• En dan stoppen met complement inhibitie?



Samenvattend C3G – targeted complement therapie
• Transplantatie?

• Pre-emptief vs reactief? 
• Protocol biopsie vs reactief?
• Wat wordt de definitie van relapse ? C3 deposities vs tekenen van glomerulonefritis?

• Weinig data nog van adolescenten en geen data van kinderen <12 jaar 
• Pegcetacoplan fase 3 data zijn er; Iptacopan komende

• Mogelijk toch langdurige behandeling? 
• Veiligheidsdata – op dit moment kleine aantallen in trial  en korte follow up. 
• Data uit trial: biopten? PK/PD ? Wie reageert er niet en waarom niet? 

• Kunnen de nieuwe anti-B cel therapieën helpen om nephritic factors te verwijderen?
• En dan stoppen met complement inhibitie?

• Gezien de zeldzaamheid ziektebeeld : Landelijke richtlijn / database  





ASN Kidney  News Jan 2026, Kim et al
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