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Anti-GBM disease

• Definition: 

– Renal and/or pulmonary small vessel vasculitis caused by anti-GBM antibodies

Stanton and Tange. Australas Ann Med. 1958;7:132-44

• Unspecific symptoms for a few weeks (months)

• Rapidly progressive glomerulonephritis or acute renal 
failure

• Pulmonary hemorrhage or subclinical lung engagement 

• Incidence: 1.5 per million and year, men= women



Rare variants and overlap syndromes

• Overlap with membranous nephropathy

• Mild relapsing renal disease

• Double positive ANCA + anti-GBM 

• Sero-negative anti-GBM disease

• IgG4- anti-GBM

• Isolated pulmonary disease

• Post-transplant anti-GBM in Alport’s syndrome



Mild relapsing glomerulonephritis

• Creatinine max 150 

µmol/L

• Focal GN on biopsy

• 4 relapses over 15 years, 

with haematuria and 

rinsing creatinine

• Each time preceded by a 

rise in MPO-ANCA

Segelmark et al Clin Kidney J. 2012 ;5(549-51



Overlap anti-GBM and membranous nephropathy

• Membranous nephropathy on light 

microscopy and linear IgG on IF

• More proteinuria – often nephrotic range

• Anti-GBM reacting with ColIVα3(NC1) 

– Same specificity as “normal” anti-GBM

• No PLA2R-antibodies

• Earlier diagnosis and better prognosis

Jia et al Kidney Int. 2014; 85, 945–952 Basford et al JASN. 2010; 85, 945–952



Double positive ANCA-anti-GBM
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• 20-45 % are MPO-ANCA positive

– Or 2-5 % of MPO-ANCA have anti-GBM

• Cross reacts with anti-peroxidasin

• More prodromal symptoms

• Older age at onset

• More chronic lesions

• Similar renal prognosis as single positive anti-
GBM

• Similar risk of relapse as AAV

MacAdoo et al Kidney Int. 2017;92:693-702McCall et al JASN 2019;29:2619-2625



Sero-negative anti-GBM disease

• Different half-life of kidney bound and circulating antibodies

• Different specificity – detectable by IIF, western blot or by ELISA 

after different antigen preparations (hexamer)

• Anti-GBM of IgA or IgM class

• Anti-GBM of predominantly subclass IgG4



IgG4 anti-GBM disease

Ig4 related renal disease

• Retroperitoneal fibrosis

• Tubulointerstitial disease

• Case reports with anti-GBM

Pat 1 Pat 2 Pat 3 Pat 4

Sex/age F43 F22 F23 F18

Smoker Yes Yes Yes Yes

Lung hemorrhage +++ +++ +++ +++

Max creatinine µmol/L 88 194 477 81

Relapse Yes no no Yes

Sehti et al NDT. 2007; 22: 1233–1235

Ohlsson et al Clin Kidney J. 2012 Dec;5(6):549-51 Cui et al Kidney Int. 2007;72:1403-8.

Pat 1

Sex/age F43

Smoker Yes

Lung haemorrhage +++

Max creatinine µmol/L 88

Relapse Yes



Pathogenesis of anti-GBM disease

• Binding of IgG autoantibodies to the GBM

• Complement - classical pathway. Recruitment of 

neutrophils

• Neutrophil degranulation and NET-osis

• Enzymatic degradation fo the GBM - bleeding into 

Bowman’s space 

• Coagulation (fibrin), macrophage infiltration, cell 

proliferation (crescents)

• Other mechanisms of injury – T cells (?)

Crescent formation

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCO_f9-m5msgCFeS_cgodKq4BkA&url=http://stke.sciencemag.org/content/2007/379&psig=AFQjCNG_pnAcDUxs8p-mjswSMbmTrb70Pw&ust=1443554518102247


The target antigen: Type IV collagen

• 3 alpha-chains in each molecule
• 2 molecules bind via the C-terminal
• 4 molecule bind via the  N-terminal
• 6 diffrent types of alpha-chains



T-cells epitope (presented by HLA-DR)

13Fisher et al. KI. 1997;51:222-229 Ooi et al. JASN. 2013; 24:419

HLA-DRB1 Patients Controls Relative 
risk

0101 6% 20% 0.26

0301 22% 24% 0.9

0401 43% 41% 1.06

0701 5% 25% 0.15

1101 4% 11% 0.3

1201 6% 3% 2

1501 74% 28% 7.4

Transgenic mice with human HLA-DR
immunized with α3 NC1 peptides

HLA
DR15

HLA
DR1



HLA-DR and peptide interaction drives T-cell reactivity
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ISLWKGFSF

WISLWKGFS

Wild type Treg depleted

DR1/DR1 No disease No disease

DR1/DR15 No disease Severe GN

DR15/DR15 Severe GN Severe GN

HLA
DR15

HLA
DR1

Treg

TFH

Ooi et al. Nature. 2017; 545:243-247

Wild type

DR1/DR1 No disease

DR1/DR15 No disease

DR15/DR15 Severe GN



Clinical trials in anti-GBM disease

• 1985 – PLEX vs. no PLEX in anti-GBM disease

– Pred+ CYC- 9 patients

» Renal survival in 3 patients (33 %) with CreaCL at start 116 (50-124) ml/min

– Steroids + CYC + PLEX – 8 patients 

» Renal survival in 6 patients (75 %) with CreaCL at start 75 (27-113)

• 2001 – PLEX vs. Immunadsorption in RPGN

– Steroids + CYC + PLEX – 3 patients 

– Steroids + CYC + IA – 3 patients 

» No renal survival in any of the groups.

Johnson et al. Medicine (Baltimore). 1985 Jul;64(4):219-27 Stegmayr et al. Int J Art Org. 1999; 22:81-87



Treatment of anti-GBM disease

• Pulse-doses of corticosteroids

• Cyclophosphamide

• Plasma exchange 

• Supportive care as needed with dialysis and mechanic 

ventilation

KDIGO, 2021



Authors (year) Country Period N PLEXn (%) Dead at 6-24m Renal survival at 6-24 months 

Total If crea <5-600 If dialysis/crea >5-600

Herody et al 1993 France 1984-1992 29 24 (82 %) 2 (7 %) 12 (41 %) 12/13 (92 %) 0/16 (0 %)

Merkel  et al 1994 Germany 1982-1992 35 25 (71 %) 4 (11 %) 10 (29 %) 9/14 (64 %) 1/21 (5 %)

Daly et al 1996 Ireland 1976-1991 40 23

(68 %) 

3/34

(8 %)

8/34

(24 %)

8/14

(57 %)

0/20

(0 %)

Levy et al 2001 UK 1975-1999 71 71 (100%) 15 (21 %) 29 (41 %) 18/19 (95 %) 11/52 (21 %)

Li et al 2003 Hong-Kong 1992-2003 10 8 (80%) 2 (20 %) 2 (20%) 2/6 (33%) 0/4 (0%)

Segelmark et al 2003 Sweden 1987-1995 75 44 (59 %) 27 (36 %) 16 (21%) 12/21

(53 %)

4/54

(7%)

Cui et al 2005 China 1997-2002 97 31 (32 %) na 15 (15 %) 14/28 (50 %) 1/66 (2 %)

Taylor et al 2011 New Zeeland 1998-2008 23 17 (74 %) 1(11 %) 11(48%) na na

Dammacco et al 2013 Italy 2003-2012 10 10 (100%) 2 (20 %) 6 (60 %) na na

Zhang et al 2014 China 2003-2013 28 28 (100 %) 4 (14 %) 8 (20 %) Na Na

Alchi et al 2015 UK 1991-2011 43 32 (74 %) 5 (12 %) 10 (23 %) 6/8 (75 %) 2/35 (6 %)

Huart et al, 2016 France 1983-2006 122 122 (100%) 16 (87%) 40/122 (33%) 33/50 (66%) 7/72 (10%)

MacAdoo et al 2017 UK, Sweden, 

Czech Rep

2000-2013 78 68/78 (87 %) 11/78 (14 %) 33/78 (42 %) 25/31 (81 %) 8/47 (17 %)

Van Dahlen et al 2018 UK, USA, NZ, 

Netherlands

1996-2015 123 91/123 (83%) 34/123 (28%) 34/123 (28 %) 36/54 (67 %) 6/69 (9%)

TOTAL 784 79%
(615/784)

18%
(100/565)

35%
(234/699)

72 %
(175/244)

9 %
(40/442)



IdeS = Immunglobulin G degrading enzyme of Streptococcus pyogenes

• An endopeptidase selective for IgG

• Binds to Fc part and cleaves IgG at glycin
237

• One F(ab´)2 fragment and one Fc fragment

• Discovered 2001 by Lars Björck, Lund1

• Developed into a drug by Hansa 
Biopharma AB, Lund:

– Non-proprietary name imlifidase 

– Brand name: Idefirix®

– Licensed for enabling transplantation 
in HLA-immunized patients2

1von Pawel-Rammingen et al, EMBO J. 2002; 21:1607-1615
2Jordan. NEJM, 2007;56:3253-60.



Rapid cleavage of IgG in vivo
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0.12 mg/kg given to healthy control



Rational for treating anti-GBM disease with imlifidase
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Rational 2: IdeS can cleave IgG bound to mouse 

kidneys

• Mouse anti-rabbit IgG (Fc spec)

21

placebo

IdeS

Yang et al NDT, 2010 Aug;25(8):2479-86.



In vivo cleavage in human kidneys

Patient 1: 11 days after IdeS Patient 2: 22 days after IdeS

Anti-Fc-fragment

Anti-Fab2-fragment

Soveri et al Kidney Int. 2019; 96:1234-1238



Investigator driven study: GOOD-IDES-01

23

• Open-label non-randomized multicenter study

• IdeS/imlifidase on top of standard of care– PLEX on demand

• 15 patients

• 17 sites: 5 in Sweden (Linköping, Uppsala, Lund, Stockholm, Göteborg), 2 
in Denmark (Copenhagen, Aarhus), 4 in Austria (Innsbruck, Wien, 
Feldkirch, Graz) 1 in Czech Republic (Prague), 5 in France (Grenoble, 
Lille, Paris (Bichat + Tenon), Toulouse)

• Total catchment area > 35 million

Uhlin et al JASN. 2022; in press



Inclusion and exclusion criteria

Inclusion

– Circulating Anti-GBM 

antibodies at a level that is 

considered as toxic 

– eGFR <15 ml/min/1.73 m2

– Microscopic haematuria 

and/or active urinary sediment 

– >18 years

– Informed consent

24

Exclusion

• Anuria for more than 48 hours 

(less than 200 ml)

• Dialysis dependency for more 

than 5  days 

• Moderate or severe pulmonary 

hemorrhage.)

Uhlin et al JASN. 2022; in press



5
Dialysis but not 

oliguric

5
Not dialysis but eGFR 

<15

5
Dialysis and oliguric

26 patients with anti-GBM antibodies screened

5 eGFR >156 eGFR < 15 but

exclusion criteria
15 patients included and

treated with imlifidase

June 2017 – January 2020

Uhlin et al JASN. 2022; in press



Clinical characteristics at baseline 
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Parameter Unit/ description Results
Countries Sweden/Denmark/Austria/ Czech 

Republic/France
4/3/2/1/5

Sex Female/male 6/9
Age Years median (range) 61 (19-77)
ANCA MPO+/PR3+/negative 4/2/9
Anti-nuclear antibodies Positive/negative 3/12
Hemoglobin g/L median (range) 88 (69-115)
C reactive protein mg/L median (range) 55 (0.8-241)
Renal function Oliguria/Dialysis/ No dialysis 5/5/5
Renal biopsy Before imlifidase/after/not done 10/4/1
Light microscopy % crescents in non-sclerotic glomeruli 

median (range)
83% (43 -100)

Immunofluorescence Linear staining for IgG/ other pattern/ not 

done
11/3/1

Pulmonary symptoms Hemorrhage/cough and infiltrates/none 2/5/8



IgG and anti-GBM in plasma after imlifidase
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5
Dialysis but not 

oliguric

5
Not dialysis but eGFR 

<15

10
Patients with    eGFR 

>15

5
Dialysis and oliguric

1
Dead

4

2
5

1

1

1

26 patients with anti-GBM antibodies screened

5 eGFR >156 eGFR < 15 but

exclusion criteria
15 patients included and

treated with imlifidase

2
Dialysis and oliguric

1

2
Dialysis but not 

oliguric



Safety

29

• No infusions related adverse events

• No severe infections first 4 weeks

• 8 SAE during the study - none assessed by PI as probably or possibly 
related to imflidase

• 82 other AE – none assessed as probably related to imflidase

• 1 death, 2 month after imlifidase, pneumonia



Historic controls

• Study of McAdoo et al

• Retrospective observational study of 78 patients with anti-GBM

– UK (38), Sweden (21) and Czech Republic (18)

– Collected 2000-2013

• Included in the control group if

– Treated with PLEX

– eGFR <15 at start of treatment

– 50 included and grouped based on need of dialysis at start of treatment

McAddoo et al Kidney Int. 2017 Sep;92(3):693-702



GOODIDES vs Historic Controls

Parameter GOODIDES McAdoo et al

N (F/M) 15 (6/9) 50 (27/23)

Age years median (range) 61 (19-77) 63 (16-88)

ANCA  MPO/PR3/none  % (n) 27 %/ 13 %/ 60 % 30 %/ 14 %/ 58 %

Dialysis at start % 66% 82 %

Alveolar haemorrhage % 13 % 42 %

Normal glomeruli median (range) 9.5 % (0-35) 6.5 % (0-43)

Linear IgG 79 % 93 %



GOODIDES vs Historic Controls

Parameter GOODIDES McAdoo et al

N (F/M) 15 (6/9) 50 (27/23)

Age years median (range) 61 (19-77) 63 (16-88)

ANCA  MPO/PR3/none  % (n) 27 %/ 13 %/ 60 % 30 %/ 14 %/ 58 %

Dialysis at start % 66% 82 %

Alveolar haemorrhage % 13 % 42 %

Normal glomeruli median (range) 9.5 % (0-35) 6.5 % (0-43)

Linear IgG 79 % 93 %

Dead at 6 months 6.7 % 16 %

Dialysis at 6 months 27 % 67 %

Native kidneys at 6 months 67 % 18 %



Summary

• Anti-GBM is the most aggressive form of glomerulonephritis mediated by IgG 

autoantibodies

• Variants with mild disease and overlap exists

• Tregs prevents most of us to develop anti-GBM antibodies

• Imlifidase degrade circulating and kidney bound autoantibodies within a few 

hours

• Imlifidase treatment in the phase IIa study led to 67% renal survival rate which is 

much better than expected from earlier cohort studies

• A phase III study is planned for 2022 in EU, UK and USA

2022-05-31 33
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