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Key Points
c This retrospective study analyzed clinical, histological, and biochemical data from a large cohort of participants with 

biopsy-proven primary C3 glomerulopathy/immune complex-mediated membranoproliferative GN.
c C3 glomerulopathy and immune complex-mediated membranoproliferative GN subjects shared most baseline and 

longitudinal features; 10-year kidney survival did not differ across histological subtypes.
c Older age at onset and higher proteinuria levels at 1 year from biopsy were the strongest predictors of kidney failure.

Abstract
Background Membranoproliferative glomerulonephritides (MPGNs) are defined by a typical glomerular histopathological 
pattern including C3 glomerulopathy (C3G) and immune complex-mediated MPGN (IC-MPGN). The overall prognosis is 
poor and the treatment options remain limited. Outcome predictors and reliable surrogate endpoints are critically needed 
for interventional trials. Herein, we described the natural history and analyzed clinical, histological and biochemical data 
from a large cohort of patients with primary C3G/IC-MPGN.

Methods This is a retrospective analysis of patients with biopsy-proven primary C3G or IC-MPGN from the Italian 
Registry of MPGN. Demographic, clinical and histopathological data, molecular complement profiles, treatment patterns, 
and outcomes were collected. We performed univariable and multivariable Cox regressions and Kaplan–Meier survival 
analyses to assess risk associations with kidney disease progression. The composite endpoint included ESKD (defined by 
either eGFR ,15 ml/min per 1.73 m 2 , initiation of chronic dialysis or kidney transplantation), doubling of serum 
creatinine at the last available follow-up, or death by kidney-related causes.

Results Of the 349 patients identified, 208 had C3G and 141 IC-MPGN. Females were 41%, and over half were younger 
than 18 years old at time of biopsy. C3G and IC-MPGN patients shared most baseline and longitudinal features, with IC-
MPGN patients presenting with higher baseline proteinuria (median 4.0 versus 2.3 g/24 hours, P , 0.001). Median eGFR 
at presentation was 83 ml/min per 1.73 m 2 . Twenty-six percent of patients progressed to ESKD over a median follow-up 
of 5 years from diagnosis. Higher proteinuria levels at 1 year from biopsy, particularly $1 g/24 hours, were significantly 
associated with a higher risk of adverse kidney outcomes. Pediatric onset was associated with better kidney survival, 
whereas kidney survival at 10 years did not statistically differ across histological subtypes. Complement dysregulation 
and rare functional variants in complement genes were not associated with outcomes.

Conclusions Our findings from a large and well-characterized cohort of individuals with primary C3G/IC-MPGN 
identify age at onset and proteinuria levels as associations with kidney survival, a finding that should inform future 
interventional trials.
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Introduction
Membranoproliferative glomerulonephritides (MPGNs) are 
a heterogeneous group of nephropathies defined by a 
typical glomerular histopathological pattern of mesangial 
hypercellularity, endocapillary proliferation, and duplica-
tion of the glomerular basement membrane. 1

Primary MPGN forms are rare and predominantly affect 
children and young adults. 2 Key drivers of the glomerular 
injury are genetic or acquired dysregulations of the com-
plement pathway leading to the deposition of complement 
fragments in the glomeruli with consequent inflammatory 
response. 3–5 Secondary causes like infections, autoimmune 
diseases, or monoclonal gammopathies can lead to the 
same histological pattern and must be included in the 
diagnostic workup because they may be amenable to spe-
cific treatments. 6

In an attempt to reflect the underlying pathophysiology, 
MPGNs have been reclassified over time. The current im-
munofluorescence (IF)-based classification differentiates be-
tween immune complex-mediated MPGN (IC-MPGN), 
characterized by glomerular deposition of both immunoglob-
ulins and complement components, and C3 glomerulopathy 
(C3G), characterized by dominant C3 deposits. C3G is fur-
ther classified into C3 glomerulonephritis (C3GN) and dense 
deposit disease (DDD) on the basis of deposits appearance 
at the electron microscopy (EM). 6–8 Notably, a shift in 
histological subtypes demonstrated in patients with longi-
tudinal biopsies suggest a possible evolution from one form 
to the other and points to the limits of a histology-based 
classification in capturing the underlying pathophysiology. 
While clinical presentation and outcomes of primary 

MPGNs are variable, ranging from asymptomatic urine 
abnormalities to acute or rapidly progressive GN, the over-
all prognosis is poor, with progression to ESKD seen in 
about 40% of cases. 9–11 Despite advances in understanding 
this condition, treatment options remain limited. 12,13 Re-
cently, building on the success of the anti-C5 antibody 
eculizumab for treating complement-mediated diseases 
such as paroxysmal nocturnal hemoglobinuria and atypical 
hemolytic uremic syndrome, research exploring various 
terminal and upstream complement inhibitors in primary 
C3G/IC-MPGN has developed, aiming to target the un-
derlying pathological process. 14 Eculizumab has not proven 
to be as efficacious as initially showed. 15 A recently pub-
lished trial comparing avacopan, a C5a receptor inhibitor, 
versus placebo did not meet its primary endpoint. 16 The 
anti-factor B iptacopan recently received US Food and Drug 
Administration and European Medicines Agency approval 
as the first treatment for adults with C3G after results from 
the phase 3 APPEAR-C3G trial showing significant pro-
teinuria reduction at 6 months and an acceptable safety 
profile. 17,18 The trial is still ongoing in adolescents. Shortly 
thereafter, the anti-C3 agent pegcetacoplan was approved 
by the US Food and Drug Administration for adolescents 
and adults with C3G and IC-MPGN, including post-
transplant recurrence. This approval was based on the 
results of the phase 3 VALIANT trial, which demonstrated 
a significant reduction in proteinuria at 6 months and a 
favorable safety profile. 19,20

The extremely heterogeneous progression of MPGNs 
might affect the sensitivity of ESKD as an endpoint to

reliably describe disease outcome and its response to new 
therapies. In line with a meta-analysis supporting the use 
of proteinuria reduction as a surrogate endpoint in IgA 
nephropathy, 21 a retrospective study by the Spanish Group 
for the Study of Glomerular Diseases on 149 cases with 
primary C3G and IC-MPGN demonstrated an association 
between proteinuria lowering and improved kidney out-
comes. 22 A recent paper on a large C3G/IC-MPGN cohort 
from the United Kingdom Registry of Rare Kidney Dis-
eases (RaDaR) showed that a halving of urinary protein-to-
creatinine ratio (UPCR) at 12 months from baseline was 
associated with lower risk of kidney failure, and patients 
with a UPCR ,100 mg/mmol had a substantially lower 
risk. 23,24 Similar results were reported in a recent multina-
tional work, whereas studies on smaller cohorts showed 
inconsistent results. 25,26

The need to identify appropriate trial outcomes for 
complement-mediated glomerulopathies has been the fo-
cus of several scientific workshops in recent years. 27–29 

However, definitive predictors of long-term kidney out-
comes, as well as early and intermediate surrogate end-
points as efficacy measures for interventional trials in 
primary MPGNs require further validation.
To address this clinical need, we analyzed clinical, his-

tological, and biochemical data from a large cohort of 
primary C3G/IC-MPGN patients retrieved from the Italian 
Registry of MPGN to evaluate whether and to what extent 
these parameters and their changes can predict long-term 
kidney outcomes.

Methods
Study Population and Histopathological Characterization
Patients with a histological diagnosis of C3G/IC-MPGN 

were selected from the Italian Registry of MPGN, which is 
coordinated by the Clinical Research Center for Rare Dis-
eases Aldo e Cele Daccò at the Istituto di Ricerche Farm-
acologiche Mario Negri Istituto di Ricovero e Cura a 
Carattere Scientifico in Bergamo, Italy (https://www. 
marionegri.it/eng/mpgn-c3g-registry). Since 2006, this 
registry has collected data and biological samples from 
MPGN patients referred by several Italian nephrology 
units. Samples were stored in the Biobank for Rare Dis-
eases and Kidney Diseases at the Mario Negri Institute 
Biological Resources Center (Ranica, Bergamo). The study 
was approved by the local Institutional Review Board and 
conducted in accordance with the Declaration of Helsinki. 
Patients signed an Institutional Review Board-approved 
informed consent form.
Patient selection and histological scoring are detailed in 

the Supplemental Methods. Briefly, patients with second-
ary causes of C3G/IC-MPGN—autoimmune diseases, 
monoclonal gammopathies, hepatitis B virus, hepatitis 
C virus, and HIVs infections or typical postinfectious 
GN—or an old, inconclusive biopsy or without IF were 
excluded. Kidney biopsy reports were centrally reviewed 
and scored by an independent nephropathologist. Pa-
tients with primary MPGN were diagnosed as either 
IC-MPGN or C3G according to the current classification. 7 

C3G cases were further classified as C3GN or DDD by 
EM (Figure 1).
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Clinical and Biochemical Parameters
Demographic, clinical, and biological parameters were 

collected at disease onset, baseline (time of first diagnostic 
biopsy), 1 year from baseline (values recorded between 6 
and 18 months from baseline), and last available follow-up. 
In patients treated with complement inhibitors, the last 
available pretreatment laboratory values and outcomes 
were used as the last follow-up parameters, to avoid the 
confounding effect of these disease-modifying medications 
on the disease course. ESKD and deaths were recorded. 
Most patients underwent extensive complement profiling 
at the Istituto di Ricerche Farmacologiche Mario Negri 
Istituto di Ricovero e Cura a Carattere Scientifico. Further 
details are provided in Supplemental Methods.

Statistical Analyses
Descriptive statistics are presented as median (interquartile 

range), mean (SD), or frequency (count), as appropriate.

Comparisons of population characteristics by histopatho-
logical categories and by age at onset were performed 
using the Student t test, Mann–Whitney U test, or Fisher 
exact test according to the variable type and distribution. 
Statistical significance was defined as a P value , 0.05. 
The composite endpoint for the main analyses included

ESKD (defined by either eGFR ,15 ml/min per 1.73 m 2 ,
initiation of chronic dialysis or kidney transplantation), 
doubling of serum creatinine level at last available 
follow-up versus baseline or death by kidney causes. In 
patients younger than 18 years at baseline, the composite 
endpoint excluded the doubling of creatinine to avoid 
misattributing growth-related increases to a poor kidney 
outcome. The main analyses were performed using mul-
tivariable Cox regressions to evaluate the associations be-
tween progression to the composite endpoint and (1) 
proteinuria at 1 year from baseline, (2) proteinuria change 
from baseline to 1-year follow-up, (3) 1-year eGFR. The

Total subjects 
from the Italian Registry of MPGN 

N = 610

Primary MPGN 
n = 349

IC-MPGN 
(IF: C3+, Ig+) 

n = 141

C3G 
(IF: dominant C3+) 

n = 208

DDD 
n = 40

C3GN 
n = 140

No EM 
n = 28

n = 158-165* 
included in main analyses

n = 261 excluded because of:
no biopsy on native kidney• 
secondary MPGN/C3G• 
IF not available• 
other diagnosis• 

n = 184-191* excluded from main 
analyses because of:

missing data for multivariable 
analyses (n = 135-142)*

• 

insufficient follow-up (n = 49) • 
ESKD before baseline 
or <6 months from 
baseline

• 

last follow-up <6 months 
from baseline

• 

complement inhibition 
<6 months from 
baseline

• 

Figure 1. Flowchart of patient selection from the Italian Registry of MPGN. Out of a total of 610 patients in the registry, 349 were 
identified with biopsy-proven primary MPGN. Patients with secondary causes of MPGN, an older, inconclusive biopsy or without IF 
were excluded. According to the current classification, patients with primary MPGN were diagnosed as either IC-MPGN or C3G on 
the basis of IF (C3 staining intensity in C3G $2 of magnitude than any other immune reactants). Within the C3G group, further 
classification into C3GN or DDD was determined by EM (although this was unavailable for 28 patients with C3G). *Of the 349 
patients, 49 were excluded from the analyses because of insufficient follow-up (ESKD before baseline or within 6 months thereafter, 
last follow-up ,6 months from baseline, or treated with complement inhibitors within 6 months from baseline). Patients with missing 
data for any variables required by each specific multivariable model were excluded from that analysis, resulting in a different number 
of patients included in each model: In the multivariable model assessing the association between progression to the composite 
endpoint and 1-year proteinuria, 165 patients were included; in the model assessing the association with proteinuria change from 

baseline to 1-year follow-up, 158 patients were included; in the model assessing the association with the 1-year eGFR, 162 patients 
were included. C3G, C3 glomerulopathy; DDD, dense deposit disease; EM, electron microscopy; IC-MPGN, immune complex-
mediated membranoproliferative GN; IF, immunofluorescence; MPGN, membranoproliferative GN.
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covariates included IF-based histological diagnosis, demo-
graphic parameters (age at onset, biological sex), C3 ne-
phritic factors (C3NeFs) positivity, the presence of rare 
functional variants in complement genes, a positive family 
history of complement-mediated disease, clinical features 
at onset (arterial hypertension, edema), interval from onset 
to baseline, histological and treatment data. Patients with 
insufficient follow-up (ESKD before baseline or within 
6 months thereafter, follow-up ,6 months from baseline, 
or treated with complement inhibitors within 6 months 
from baseline) or missing data were excluded. No impu-
tation or other statistical computation was performed. 
The correlation between proteinuria at 1 year and 

eGFR at the last follow-up was also evaluated. The as-
sociation between different ranges of 1-year proteinuria 
and kidney outcomes was then evaluated by running 
three separate univariable Cox regressions, each time 
dividing the patients into two groups based on different 
thresholds: 0.3 g/24 hours (remission threshold); 1 g/24 
hours (reference target in current interventional trials in 
C3G/IC-MPGN); and 3.5 g/24 hours (nephrotic-range 
proteinuria).
Kaplan–Meier survival analyses were conducted by cen-

soring kidney survival data at 10 years, using different 
explanatory variables: 1-year proteinuria (considering a 
cut-off of 1 g/24 hours), age of onset (cut-off at 12 and 
18 years), IF-based histological category, the presence of 
rare functional variants in complement genes, and/or pos-
itive family history for complement-mediated diseases. 
Patients with ESKD before baseline were not considered 
in survival analyses.

Results
Study Population
Of the 610 total cases in the registry, 349 patients with 

biopsy-proven primary MPGNs were identified, of which 
141 (40%) had a diagnosis of IC-MPGN and 208 (60%) of 
C3G. Of these 208 patients, 140 (67%) had C3GN and 40 
(19%) DDD. EM was unavailable in the remaining 28 C3G 
cases (Figure 1).
Female patients represented 41% of the population and 

were equally distributed across histological subgroups. 
Median age at disease onset was 15 years, ranging from 1 
to 72 years. Diagnosis occurred at a median age of 
16.6 years, with a median time from onset to baseline 
of almost 6 months. Children younger than 12 years at 
baseline represented almost a third of the popula-
tion (Table 1).
Clinical presentation at onset was characterized by 

hematuria in most cases (85%) across all diagnostic sub-
groups. Nephrotic-range proteinuria at onset was signif-
icantly more frequent in IC-MPGN than in patients with 
C3G (58% versus 37%, P , 0.001), as confirmed by signif-
icantly higher median proteinuria (4.0 versus 2.3 g/24 
hours, P , 0.001) and lower median serum albumin (2.9 
versus 3.5 g/dl, P , 0.001) in IC-MPGN than in patients 
with C3G at baseline. Over 40% of cases were hypertensive 
at onset, with no significant differences across histological 
groups. Kidney function at onset ranged from normal to 
acute kidney failure, with a median eGFR of 83 ml/min per 
1.73 m 2 (Table 1).

Supplemental Table 1 presents a detailed cohort descrip-
tion by age at onset. No significant differences were ob-
served in sex distribution, histological classification, or 
time from onset to baseline across age subgroups. Hema-
turia was significantly more frequent in patients with onset 
before 18 years (92% versus 73%, P , 0.001). Nephrotic-
range proteinuria (56% versus 37%, P 5 0.004), lower 
kidney function (eGFR574 versus 90 ml/min per 
1.73 m 2 , P , 0.001), and arterial hypertension (53% versus 
35%, P 5 0.002) at onset were significantly more prevalent 
in patients with adult onset.
Thirteen of 349 patients progressed to ESKD within 

14 months from onset (Supplemental Table 2).

Complement Studies
Low serum C3 and C4 levels were observed in 84% and 

30% of cases, respectively, with a similar frequency across 
histological subgroups for low C3, whereas a borderline 
significantly higher frequency of low C4 was found in IC-
MPGN than C3G (36% versus 25%, P 5 0.05). Median 
soluble terminal complement complex (sC5b-9) was ele-
vated and significantly higher in C3GN than in patients 
with DDD (490 versus 286 ng/ml, P 5 0.04). C3NeFs 
positivity was significantly more prevalent in patients 
with DDD than C3GN (75% versus 28%, P , 0.001). 
The prevalence (15%) of rare functional variants in com-
plement genes was similar across histological categories, 
and rare variants in complement factor H and C3 were the 
most frequent ones. Variants in complement factor B were 
only identified in four IC-MPGN cases (Table 1). A higher 
percentage of patients with onset before 18 years had low 
serum C3 (90% versus 75%, P , 0.001), low C4 (36% versus 
20%, P 5 0.002), and C3NeF positivity (46% versus 28%, 
P 5 0.002) at initial measurement. Pediatric patients also 
showed higher median sC5b-9 levels (598 versus 303 ng/ml, 
P # 0.001; Supplemental Table 1).

Histological Parameters
At the first diagnostic kidney biopsy, signs of disease 

activity, with a median score of mesangial proliferation of 2 
on a scale of 3, mild endocapillary proliferation and in-
terstitial inflammation, were relatively frequent across all 
cohort. Crescents were rare. Chronicity markers were mild, 
with around 10% of sclerotic glomeruli, very mild arteri-
olar sclerosis, and interstitial fibrosis. Notably, chronic 
lesions were statistically more frequent in patients with 
adult onset (Table 1 and Supplemental Table 1).

Follow-Up 
After the biopsy, patients were followed for a median of 

60 months (range: 0–529), with a significant longer median 
follow-up in patients with pediatric onset (P 5 0.03). 
Median proteinuria at 1 year remained significantly higher 
in patients with IC-MPGN than in those with C3G (1.3 
versus 0.7 g/24 hours, P 5 0.004). Median changes of 
proteinuria between baseline and 1 year did not statisti-
cally differ between IC-MPGN and C3G, regardless the 
onset age (Table 1 and Supplemental Table 1).
Almost 26% of patients progressed to ESKD, without 

statistical difference across histological categories. There 
were 11 deaths, of which only one attributed to clear 
kidney-related causes.

C3G/IC-MPGN Natural History and Outcome Predictors, Nanchen et al.

CJASN 21: 626–640, April, 2026 629

http://links.lww.com/CJN/C580
http://links.lww.com/CJN/C580
http://links.lww.com/CJN/C580
http://links.lww.com/CJN/C580
http://links.lww.com/CJN/C580


Table
  
1.  Full  cohort  description

Cohort  Characteristics  
Patients  with

  
Available  Data,  

n
  
(%)

Primary
  
MPGN,  

all  (n5349)
IC-MPGN
(n5141) C3G

  
a
  (n5208)  DDD

  
(n540)  C3GN

  
(n5140)

Females,  n  (%) 349  (100) 143  (41) 61  (43) 82  (39) 15  (38) 57  (41)
Age  at  onset,  yr 346  (99) 15  (10–25) 16  (10–33) 14  (10–22) 13  (10–22) 15  (9–22)
Children

  
younger  than

  
12  yr,  n  (%)  108  (31) 41  (29) 67  (32) 16  (40) 45  (32)

Adolescents  12–17  yr,  n  (%) 85  (24) 30  (21) 55  (26) 10  (25) 34  (24)
Age  at  baseline  (biopsy),  yr 349  (100) 17  (1128) 18  (11–36) 16  (11–25) 14  (10–22) 16  (11–27)
Interval  onset—baseline  (biopsy),  mo 346  (99) 5.6  (1.4–24) 4.7  (0.8–20.7) 6.5  (1.8–24.1) 7.1  (1.7–33.4) 7.3  (2–26.8)
Clinical  presentation  

at  onset,  n  (%)  
Hematuria 340  (97) 288  (85) 110  (82) 178  (87) 33  (85) 121  (88)
Nephrotic-range  proteinuria 279  (80) 125  (45) 63  (58) 62  (37)  

b 16  (46) 38  (35)
eGFR

  
(ml/min

  
per  1.73m

  

2
  ) 217  (62) 83  (61–103) 83  (58–103) 81  (61–102) 93  (67–113) 81  (57–102)

Arterial  hypertension 339  (97) 141  (42) 65  (48) 76  (37) 14  (36) 52  (38)
Edema 342  (98) 133  (39) 74  (53) 59  (29)  

b 15  (39) 38  (28)
Complement  biochemical  and  

genetic  profile,  
n
  
(%)

Low
  

serum
  

C3  at  first  measurement 347  (99) 293  (84) 114  (81) 179  (87) 37  (93) 119  (86)
Low

  
serum

  
C4  at  first  measurement 333  (95) 99  (30) 49  (36) 50  (25) 14  (35) 33  (25)

sC5b-9  at  first  measurement  (ng/ml) 323  (93) 377  (224.5–1394) 358.5
(248.2–1441.2)

396  (209–1357) 286
(199.5–622.2)

490
(209–1604.2)  

c 

Positive  C3NeFs  at  first measurement 335 (96) 130 (39) 58 (41) 72 (37) 30 (75) 38  (28)         
c  

Rare functional variant in complement gene 346 (99) 53 (15) 18 (13) 35 (17) 5 (13) 26  (19)
            

Rare  variant  gene,  n  (%)
CFH 17 (32) 6 (33) 11 (31) 2 (40) 8  (31)    
CFI 6 (11) 0 6 (17) 1 (20) 4  (15)      
C3 17 (32) 5 (28) 12 (34) 1 (20) 11  (42)        
CFB 4 (8) 44 (22) 0 0 0  
THBD 6 (11) 1 (6) 5 (14) 1 (20) 2  (8)        
MCP 2 (2) 1 (6) 0 0 0

   
Structural  variant 2 (4) 1 (6) 1 (3) 0 1  (4)       

Clinical  parameters  at  baseline  (biopsy)  
Proteinuria  (g/24  h) 313  (90) 3  (1.1–5.3) 4  (1.9–7.2) 2.3  (0.8–4.6)  

b
  2.9  (1.2–6.1) 2.2  (0.7  –4.3)  

eGFR
  

(ml/min
  
per  1.73  m

  

2
  ) 317  (91) 84  (57–109) 77  (54–106) 92  (62–111)  102  (71–120) 93  (63  –108.9)  

Serum
  

albumin
  
(g/dl) 254  (73) 3.3  (2.6–3.9) 2.9  (2.3–3.6) 3.5  (2.9–4)  

b
  3.1  (2.2–3.8) 3.6  (3  –4.1)  

c  

Histological  parameters
Fraction

  
of  sclerotic  glomeruli,  mean

  
(6SD) 337 (97) 0.1 (0.2) 0.1 (0.2) 0.1 (0.2) 0.1 (0.2) 0.1  (0.2)       

Fraction
  
of  crescents,  mean

  
(6SD) 334 (96) 0.1 (0.2) 0.1 (0.2) 0 (0.1) 0.1 (0.2) 0  (0.1)     

Degree  of  mesangial  proliferation  (0–3)  339  (97) 2  (1–3) 2  (2–3) 2  (1–2.6)  
b 2  (1–2.5) 2  (1  –3)

Degree  of  endocapillary  proliferation
  
(0–3)  333  (95) 1  (0–2) 1.5  (0–2) 1  (0–2)  0.3  (0–2) 1  (0  –2)

Degree  of  interstitial  inflammation
  
(0–3)  339  (97) 0.5  (0–1) 1  (0–1) 0.1  (0–1) 0.3  (0–1.1) 0  (0–1)

Degree  of  interstitial  fibrosis  (0–3) 335  (96) 0  (0–1) 0.1  (0–1) 0  (0–1) 0  (0–0.1) 0  (0–1)
Degree  of  arteriolar  sclerosis  (0–3) 330  (95) 0  (0–0.1) 0  (0–0.2) 0  (0–0.1)  0  (0–0) 0  (0  –0.1)  

Clinical  parameters  at  1  yr  from
  

baseline  
Proteinuria  at  1  yr  (g/24  h) 220  (63) 0.9  (0.3–2.6) 1.3  (0.4–4) 0.7  (0.2–1.9)  

b 1.6  (0.2–2.7) 0.6  (0.2–1.6)  
c

Delta  proteinuria  at  1  yr 208  (60) 20.6  (20.8  to
  
20.2) 20.6  (20.8

to
  
20.1)

20.6  (20.8
to
  
20.2)

20.6  (20.8
to
  
20.3)

20.6  (20.8
to
  
20.2)  

eGFR
  

at  1  yr  (ml/min
  
per  1.73  m

  

2
  )  217  (62) 97  (73–113) 91  (67–110) 101  (80–119) 104  (86–119) 102  (83–121)  

Outcome
eGFR

  
at  last  follow-up

  
(ml/min

  
per  1.73  m

  

2
  ) 246  (70) 99  (70–118) 97  (64–114) 100  (72–121) 103  (84–123) 100  (72–121)
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Table
  
1.  (Continued)

Cohort  Characteristics  
Patients  with

  
Available  Data,  

n
  
(%)

Primary
  
MPGN,  

all  (n5349)
IC-MPGN
(n5141) C3G

  
a
  (n5208)  DDD

  
(n540)  C3GN

  
(n5140)

ESKD, n (%) 347
  
(99) 89

  
(26) 41

  
(29) 48

  
(23) 11

  
(28) 31

  
(22)

Death, n (%) 349
 
(100) 11

 
(3) 5

 
(4) 6

 
(3) 2

 
(5) 3

  
(2)       

Follow-up
  
from baseline (biopsy), mo 347

  
(99) 59.1

  
(25.1–107.7) 61.2

  
(36.6–107.7) 57.5

  
(20.1–105.4) 92

  
(29.6–149.1) 50.2

  
(19.3–102.6)  

c  

Treatment,  n  (%)
RAAS

  
inhibition

  
before/in

  
first  year  

from
  

baseline
339 (97) 247 (73) 103 (76) 144 (71) 29 (73) 95  (70)

     

Immunosuppression
  
before/in

  
first  year  

from
  

baseline
343  (98) 246  (72) 112  (81) 134  (65)  

b 22 (56) 88  (64) 

Corticosteroids only 343 (98) 117 (34) 49 (36) 68 (33) 15 (39) 41  (30)       
Corticosteroids and MMF 343 (98) 64 (19) 25 (18) 39 (19) 0 29  (21)      

c  

Corticosteroids and others 343  (98) 64  (19) 38  (28) 26  (13)  
b 7 (18) 17  (12)   

Complement inhibition at any time 348 (100) 55 (16) 22 (16) 33 (16) 9 (23) 23  (17)        
Complement  inhibition  at  any  time  excluding

patients
with

  
follow-up

  
ending

  
before  2010

327  (94) 54  (17) 22  (17) 32  (16) 8  (23) 23  (17)

Characteristics  of  patients  categorized
  
by
  
histological  diagnosis  are  described

  
and

  
compared

  
(all,  immune  complex-mediated

  
membranoproliferative  GN

  
versus  C3  glomerulopathy

  
and

  dense  deposit  disease  versus  C3GN).  C3,  complement  component  3;  C3G,  immunofluorescence-based
  

histological  diagnosis  of  C3  glomerulopathy;  C3GN,  electron  microscopy-based
  histological  diagnosis  of  C3  glomerulonephritis;  C3Nefs,  C3  nephritic  factors;  CFB,  complement  factor  B;  CFH,  complement  factor  H;  CFI,  complement  factor  I;  DDD,  electron  microscopy-

based
  

histological  diagnosis  of  dense  deposit  disease;  IC-MPGN,  immunofluorescence-based
  

histological  diagnosis  of  immune  complex-mediated
  

membranoproliferative  GN;  MCP,  
membrane  cofactor  protein;  MMF,  mycophenolate  mofetil;  RAAS,  renin-angiotensin-aldosterone  system;  THBD,  thrombomodulin.  
Quantitative  variables  are  expressed

  
as  medians  with

  
interquartile  range  unless  otherwise  specified.  Means  are  presented

  
with

  
SD.  

Interval  onset—baseline,  time  (months)  from
  

disease  onset  to  first  diagnostic  biopsy.  Hematuria:  microscopic  or  macroscopic.  Nephrotic-range  proteinuria:  $3.5  g/24  hours,  31  
or  $300  mg/

  dl  by  dipstick.  eGFR:  calculated  
using

  
the  full  age  spectrum

  
equation

  
(Pottel  et  al.,  2016;  see  Supplemental  References).  Arterial  hypertension:  as  reported

  
by
  
the  referring

  
physician.  Low

  serum
  

C3:  ,90  mg/dl.  Low
  

serum
  

C4:  ,16  mg/dl.  sC5b9,  soluble  terminal  complement  complex
  
(normal  range:  140–280  ng/ml).  Rare  functional  variant:  missense,  nonsense,  splicing,  

frameshift,  ins/del,  with
  
maximum

  
minor  allelic  frequency

  
#0.001  and

  
combined

  
annotation

  
dependent  depletion  pathogenic  score  $10.  Structural  variants:  multiplex

  
ligation-dependent  

probe  amplification
  
was  used  

to
  
evaluate  the  presence  of  novel  or  rare  copy

  
number  variations  in  CFH,  CFHR3,  CFHR1,  CFHR4,  CFHR2,  and  

CFHR5  genes.  Twenty-four-hour  proteinuria:  
measured

  
using

  
a  24  hour  urine  sample  when

  
available  or  estimated

  
from

  
a  random

  
spot  urine  using  Hogan

  
equation

  
(Hogan

  
et  al.,  2016;  see  Supplemental  References).  Proteinuria  at  1  year:  

proteinuria  values  between
  
6  and

  
18  months  from  

baseline  (time  of  first  diagnostic  biopsy).  ESKD:  defined  
as  dialysis,  preemptive  transplantation

  
or  eGFR

  
,15  ml/min

  
per  1.73  m

  
2
  at  last  

available  follow-up.  Fraction  of  sclerotic  glomeruli  includes  both  globally
  
and

  
segmentally

  
sclerotic  glomeruli.  Fraction  of  crescents  includes  all  ages  of  crescents  (cellular,  fibrocellular  and  

fibrous).  Histological  score  on  light  microscopy:  Mesangial  and  
endocapillary

  
proliferation

  
(hypercellularity)  were  graded  

on
  
a  scale  from  

0  to
  
3:  absent  (0),  trace  (0.5),  mild

  
(1–1.5),  moderate  

(2–2.5),  and  
severe  (3)  corresponding  to

  
0%,  1%–9%,  10%–25%,  26%–50%,  .50%

  
involvement  of  sampled

  
glomeruli,  respectively.  Interstitial  inflammation

  
and

  
interstitial  fibrosis  were  graded  on

  
a  scale  from  

0  to
  
3:  absent  (0),  trace  (0.5),  mild

  
(1–1.5),  moderate  (2–2.5),  and  

severe  (3)  corresponding  to
  
0%,  1%–9%,  10%–25%,  26%–50%,  .50%

  
involvement  of  cortical  tubulointerstitial  

area,  respectively.  Arteriolar  sclerosis  was  graded  
on
  
a  scale  from

  
0  to

  
3  based

  
on
  
arteriolar  intimal  thickening:  absent  (0),  mild

  
(1),  moderate  (2),  or  severe  (3).  Delta  proteinuria  at  1  year:  

change  in  24  hours  proteinuria  from
  

baseline  (time  of  first  diagnostic  biopsy)  to  1  year,  calculated  
as  the  ratio  of  (baseline  24-hour  proteinuria  [g/24  hours]21-year  24-hour  proteinuria  [g/24  

hours])  to  baseline  24-hour  proteinuria  (g/24  hours).  Follow-up
  
from

  
baseline:  time  (months)  from

  
first  diagnostic  biopsy

  
to
  
ESKD

  
or  last  available  follow-up.  Immunosuppression:  

mycophenolate  mofetil,  mycophenolate  mofetil;  others:  calcineurin  inhibitors,  cyclophosphamide,  azathioprine.  
a
  Twenty-eight  of  the  208  patients  with

  
C3  glomerulopathy

  
did
  
not  have  available  electron

  
microscopy.  

b
  Statistically

  
significant  difference  between

  
IC-MPGN

  
and

  
C3G

  
cases.  

c  Statistically
  
significant  difference  between

  
DDD

  
and

  
C3GN

  
cases.
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Most patients were on renin-angiotensin-aldosterone sys-
tem inhibitors (73%) and immunosuppressants (72%) be-
fore or during the first year after their biopsy. More patients 
with IC-MPGN than C3G (81% versus 65%, P 5 0.002) and 
more with pediatric onset (78% versus 62%, P 5 0.001) 
were on immunosuppressants. Most of them were given 
corticosteroids only (34%), while a minority (19%) received 
corticosteroids combined with mycophenolate mofetil or 
other immunosuppressive agents. Approximately 16% of 
patients with follow-up extending beyond 2010—when 
eculizumab and, subsequently, other complement inhibi-
tors started to become available—received a course with a 
complement inhibitor, with a significantly higher propor-
tion in the pediatric population (21% versus 9%, P 5 0.01; 
Table 1 and Supplemental Table 1).

Association between Proteinuria and Long-Term
Kidney Outcomes
Forty-nine out of 349 patients were excluded from the 

analyses because of insufficient follow-up. Patients with 
missing data for any variables required in a specific anal-
ysis were excluded from that analysis, resulting in varying 
sample size across analyses (Figure 1). At multivariable 
analysis, proteinuria levels at 1 year from baseline were 
significantly associated with the risk of progression to the 
composite endpoint. Each 1-g increase in 1-year proteinuria 
levels, ceteris paribus, was associated with a 33% higher 
risk of progression. Among considered covariates, male 
sex and higher proportion of sclerotic glomeruli seemed 
to be independently associated with an increased risk of

progression to the composite endpoint (Table 2, n5165). In 
line with this, patients who reached the composite end-
point had significantly higher proteinuria at 1 year com-
pared with those who did not (Figure 2A, n5192). The 
same results were observed when data from patients with 
C3G and IC-MPGN were analyzed separately 
(Supplemental Figure 1A, n5192). Consistently, we found 
that levels of proteinuria at 1 year negatively correlated 
with eGFR values at the last available follow-up.
In the univariable Cox regression, we found that a 1-year 

proteinuria $1 g/24 hours was associated with a higher risk 
of reaching the composite endpoint as compared with a 1-
year proteinuria ,1 g/24 hours (Supplemental Figure 2A, 
n5200). Accordingly, Kaplan–Meier analysis of ESKD-free 
survival at 10 years stratified by 1-year proteinuria showed 
significantly better kidney survival in patients with 1-year 
proteinuria ,1 g/24 hours compared with those with 
proteinuria $1 g/24 hours (P 5 0.02; Figure 3, n5205). 
In the multivariable model of the change in proteinuria 

from baseline to 1 year, no association was found between 
the 24-hour proteinuria changes and the composite end-
point (Table 3, n5158). Similarly, proteinuria changes at
1 year did not differ between patients with or without 
the composite endpoint, either in the entire cohort or in 
IF-based histological subgroups (Figure 2B and Supplemental 
Figure 1B, n5182). Univariable Cox regression categoriz-
ing patients into five groups according to proteinuria 
changes did not show any association between changes 
in proteinuria and the composite endpoint (Supplemental 
Figure 2B, n5182).

Table 2. Multivariable model of the association between 1-year proteinuria and composite endpoint

Variables HR 95% CI P Value

1-yr proteinuria (g/24 h) 1.33 a 1.12 to 1.57 a ,0.001 a

IC-MPGN diagnosis 0.83 0.25 to 2.76 0.76
Age at onset 1.00 0.96 to 1.05 0.88
Female sex 0.29 a 0.09 to 0.97 a 0.04 a

C3NeF-positivity 0.55 0.19 to 1.63 0.28
Genetic predisposition 4.95 0.94 to 26.02 0.06
Hypertension at onset 1.47 0.43 to 5.03 0.53
Edema at onset 3.53 0.74 to 16.73 0.11
Interval onset—baseline (biopsy) 1.06 0.96 to 1.17 0.27
Arteriolar sclerosis (LM) 0.96 0.38 to 2.41 0.92
Crescents (LM) 0.02 0 to 1 0.05
Endocapillary proliferation (LM) 0.77 0.47 to 1.27 0.31
Interstitial fibrosis (LM) 1.07 0.42 to 2.68 0.89
Interstitial inflammation (LM) 1.65 0.73 to 3.73 0.23
Mesangial proliferation (LM) 0.83 0.47 to 1.46 0.52
Glomerular sclerosis (LM) 294.33 a 2.65 to 32690.37 a 0.02 a

RAAS inhibitors 0.07 0 to 1.1 0.06
RAAS inhibitors and steroids 0.30 0.03 to 3.04 0.31
RAAS inhibitors, steroids and MMF 0.23 0.01 to 3.94 0.31
RAAS inhibitors, steroids and other IS 0.61 0.06 to 6.2 0.68
IS only 0.69 0.09 to 5.42 0.72

1-year proteinuria (g/24 h), proteinuria levels measured at 1 year from baseline (time of first diagnostic biopsy); C3NeF-positivity, 
positive C3 nephritic factors at first measurement; CI, confidence interval; genetic predisposition, presence of rare functional variants 
in complement genes or positive family history for complement-mediated diseases; HR, hazard ratio; IC-MPGN, histological di-
agnosis of immune complex-mediated membranoproliferative GN; Interval onset—baseline, time (months) from disease onset to first 
diagnostic biopsy; IS, immunosuppressive; IS only, any type of immunosuppressive agents and no renin-angiotensin-aldosterone 
system inhibitors; LM, light microscopy; MMF, mycophenolate mofetil; RAAS, therapy with renin-angiotensin-aldosterone sys-
tem inhibitors.
a Statistically significant parameters.
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Other Associations with Long-Term Kidney Outcomes
In the multivariable analysis, eGFR at 1 year from base-

line was inversely associated with the composite endpoint. 
Male sex and presence of edema at onset were also asso-
ciated with a higher risk of progression to the composite 
endpoint (Table 4, n5162). Consistently, patients who 
reached the composite endpoint had significantly lower 
eGFR at 1 year compared with those who did not, both in 
the entire cohort and in IF-based histological subgroups 
(Figure 4 and Supplemental Figure 3, n5188).
The Kaplan–Meier survival analysis, stratified by age at 

onset, showed that 10-year ESKD-free survival was highest 
in patients with onset age below 12 years (86%; 95% 
confidence interval [CI], 76% to 96%) followed by those 
with adolescence onset (78%; 95% CI, 66% to 93%). Patients 
with adult onset (18 years or older) had the lowest ESKD-
free survival (53%; 95% CI, 42% to 66%; Figure 5A, n5330).

When stratifying the Kaplan–Meier curve by diagnosis, 
the kidney survival at 10 years did not statistically differ 
across IF-based histological subtypes (Figure 5B, n5332). 
We could not find any significant differences when we also 
stratified patients by EM-based diagnosis (Supplemental 
Figure 4, n5299).
The 10-year ESKD-free survival was similar between 

patients with or without genetic susceptibility—defined 
as carrying rare functional variants in complement genes 
and/or having a positive family history of complement-
mediated diseases (Supplemental Figure 5, n5330).

Discussion
In this retrospective study, we describe clinical, histo-

logical, and biochemical features of a large cohort of 349 
children and adults with primary C3G and IC-MPGN, 
providing novel and robust insights into the natural his-
tory of the disease and identifying associations of long-
term kidney outcomes. In particular, we found that (1) 
patients with primary C3G and IC-MPGN share most 
baseline and longitudinal features; (2) progression to 
ESKD was independent of the histological category; (3) 
proteinuria levels under 1 g/24 hours at 1 year from 
diagnosis were significantly associated with lower risk 
of kidney outcomes; (4) pediatric onset was associated 
with better kidney survival.
Similarly to several cohorts, most baseline and longitu-

dinal characteristics in patients with C3G and IC-MPGN 
were similar. 23,25,30 However, nephrotic-range proteinuria 
was more frequent at disease onset in patients with 
IC-MPGN as compared with those with C3G. Consistently, 
at time of biopsy, median proteinuria was significantly 
higher and serum albumin lower in patients with IC-
MPGN. This finding confirms previous data by other re-
searchers, suggesting a greater degree of disease activity 
associated with Ig deposition in IC-MPGN and possibly 
explaining the greater burden of immunosuppression ther-
apy in our IC-MPGN cohort. 5,31

Regarding complement system profiling, our results 
showed the presence of rare variants in complement genes 
in around 15% of cases across histological categories, sim-
ilarly to other cohorts. 5,32,33 Unsurprisingly, most of the 
patients presented with low C3, while only about a third 
had low C4 levels, pointing to the predominant activation 
of the alternative complement pathway. Notably, low C3 
and low C4 are more frequent in children than adults, 
along with higher sC5b9 levels, possibly reflecting the 
higher frequency of infectious triggers at onset activating 
both classical and alternative pathways. 34 The lower levels 
of sC5b-9 and higher prevalence of low levels of serum C3 
in DDD cases, although nonsignificant, suggest different 
pathophysiology of DDD from IC-MPGN and C3GN, the 
former characterized by more frequent proximal, rather 
than terminal activation of the complement cascade. The 
significant higher rate of C3NeF-positivity in these patients 
highlights the key role of C3 convertase stabilization in this 
condition. 2,5 A high proportion of C3NeF-positivity was 
also found in patients with IC-MPGN, consistent with 
accurate exclusion of secondary cases and with previous 
findings from a French cohort. 5 Given the specificity of our 
C3NeF assay for the stabilization of the alternative
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Figure 2. Association between proteinuria and composite end-
point. (A) One-year proteinuria in patients with (red) and without 
(blue) composite endpoint (n5192). (B) Changes in 24-hour 
proteinuria from baseline to 1 year in patients with (red) and 
without (blue) composite endpoint (n5182). D, change in 24-hour 
proteinuria from baseline to 1 year, calculated as the ratio of 
(baseline 24-hour proteinuria [g/24 hours]21-year 24-hour 
proteinuria [g/24 hours]) to baseline 24-hour proteinuria 
(g/24 hours).
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Figure 3. Kaplan–Meier curve for kidney survival stratified by 1-year proteinuria levels below 1 versus 1 g/24 hours or higher 
(n5205). Patients with available clinical information were censored at 10 years from onset or at the event.

Table 3. Multivariable model of the association between proteinuria reduction at 1 year and composite endpoint

Variables HR 95% CI P Value

Delta proteinuria at 1 yr 1.09 0.92 to 0.59 0.78
Age at onset 1.00 1 to 0.95 0.91
Female sex 0.31 3.28 to 0.08 0.08
C3NeF-positivity 0.55 1.8 to 0.16 0.35
Genetic predisposition 5.02 0.2 to 0.92 0.06
IC-MPGN diagnosis 1.07 0.94 to 0.32 0.91
Hypertension at onset 1.57 0.64 to 0.48 0.46
Edema at onset 6.63 a 0.15 to 1.09 a 0.04 a

Interval onset—baseline (biopsy) 1.03 0.97 to 0.93 0.55
Arteriolar sclerosis (LM) 0.83 1.2 to 0.29 0.73
Crescents (LM) 0.15 6.66 to 0 0.44
Endocapillary proliferation (LM) 0.77 1.3 to 0.43 0.39
Interstitial fibrosis (LM) 1.29 0.77 to 0.56 0.55
Interstitial inflammation (LM) 1.23 0.81 to 0.6 0.57
Mesangial proliferation (LM) 0.97 1.03 to 0.55 0.91
Glomerular sclerosis (LM) 418.01 a 3.31 to 52793.411 a 0.01 a

RAAS inhibitors 0.18 5.6 to 0.02 0.17
RAAS inhibitors and steroids 0.22 4.58 to 0.02 0.25
RAAS inhibitors, steroids and MMF 0.20 4.92 to 0.01 0.27
RAAS inhibitors, steroids and other IS 0.38 2.61 to 0.02 0.50
IS alone 0.52 1.91 to 0.06 0.57

Delta proteinuria at 1 year: change in 24-hour proteinuria from baseline (time of first diagnostic biopsy) to 1 year, calculated as the 
ratio of (baseline 24-hours proteinuria [g/24 hours]21-year 24-hour proteinuria [g/24 hours]) to baseline 24-hour proteinuria (g/24 
hours). C3NeF-positivity, positive C3 nephritic factors at first measurement; CI, confidence interval; genetic predisposition, presence 
of rare functional variants in complement genes or positive family history for complement-mediated diseases; HR, hazard ratio; IC-
MPGN, histological diagnosis of immune complex-mediated membranoproliferative GN; interval onset—baseline, time (months) 
from disease onset to first diagnostic biopsy; IS, immunosuppressive; IS only, any type of immunosuppressive agents and no renin-
angiotensin-aldosterone system inhibitors; LM, light microscopy; MMF, mycophenolate mofetil; RAAS, therapy with renin-
angiotensin-aldosterone system inhibitors.
a Statistically significant parameters.
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pathway C3 convertase, 3 these data suggest a role of the 
alternative pathway C3 convertase stabilization also in 
primary IC-MPGN, further underlying an overlapping 
pathogenesis with C3G.

Almost 30% of our population progressed to ESKD over 
a median follow-up of 5 years from diagnosis, similarly to 
other cohorts. 11,22,23,32 Notably, ESKD rate was indepen-
dent of the histological category, as confirmed by Kaplan– 
Meier analyses showing similar 10-year kidney survival 
across histological subtypes. Consistently, IF-based diag-
nosis had no effect on the relationship between proteinuria 
or eGFR and the composite endpoint. This finding is in line 
with recent data from the RaDaR cohort 23 and is particu-
larly remarkable given the large size of our cohort and the 
conflicting data in the literature on the prognostic impli-
cations of histological diagnosis. In some cohorts, patients 
with DDD and C3GN shared similar outcomes. 11,35 Others 
found DDD to have a worse prognosis than IC-MPGN or 
C3GN. 5,32,36 Lomax-Browne et al. reported lower ESKD-
free survival for both C3GN and DDD compared with 
IC-MPGN. 26

Another key finding of our study was that higher pro-
teinuria at 1 year after diagnosis was significantly associ-
ated with a higher risk of adverse kidney outcomes. This 
association was confirmed across multiple sensitivity anal-
yses and using various proteinuria thresholds. However, 
changes in proteinuria from baseline to 1-year follow-up 
did not correlate with kidney outcomes. These findings 
challenge the approach in recent interventional trials that 
rely on proteinuria reduction over time as a reliable sur-
rogate predictor of improved long-term outcomes. None-
theless, inconsistent results regarding the effect of changes 
in proteinuria on kidney survival have been reported in 
literature. In the RaDaR study, a 50% UPCR reduction at 
12 months was associated with a lower rate of ESKD, but

Table 4. Multivariable model of the association between 1-year eGFR and composite endpoint

Variables HR 95% CI P Value

1-yr eGFR (ml/min per 1.73 m 2 ) 0.97 a 0.95 to 1 a 0.03 a

Age at onset 1.01 0.97 to 1.05 0.60
Female sex 0.19 a 0.06 to 0.62 a 0.01 a

C3NeF-positivity 0.74 0.27 to 2.05 0.57
Genetic predisposition 3.01 0.95 to 9.5 0.06
IC-MPGN diagnosis 0.99 0.35 to 2.79 0.99
Hypertension at onset 1.47 0.52 to 4.16 0.46
Edema at onset 3.52 a 1.05 to 11.78 a 0.04 a

Interval onset—baseline (biopsy) 0.99 0.85 to 1.15 0.90
Arteriolar sclerosis (LM) 0.72 0.33 to 1.59 0.42
Crescents (LM) 0.02 0 to 5.18 0.17
Endocapillary proliferation (LM) 0.87 0.55 to 1.36 0.54
Interstitial fibrosis (LM) 1.17 0.54 to 2.56 0.69
Interstitial inflammation (LM) 0.73 0.33 to 1.6 0.43
Mesangial proliferation (LM) 1.00 0.64 to 1.54 0.99
Glomerular sclerosis (LM) 24.26 0.74 to 794.62 0.07
RAAS inhibitors 1.06 0.15 to 7.58 0.95
RAAS inhibitors and steroids 1.08 0.19 to 6.2 0.93
RAAS inhibitors, steroids and MMF 1.19 0.11 to 13.48 0.89
RAAS inhibitors, steroids and other IS 3.06 0.38 to 24.5 0.29
IS alone 2.06 0.39 to 10.71 0.39

1-year eGFR, eGFR (ml/min per 1.73 m 2 ) at 1 year from baseline (time of first diagnostic biopsy); C3NeF-positivity, positive for the 
C3 nephritic factors at first measurement; CI, confidence interval; genetic predisposition, presence of rare functional variants in 
complement genes or positive family history for complement-mediated diseases; HR, hazard ratio; IC-MPGN, histological diagnosis 
of immune complex-mediated membranoproliferative GN; interval onset—baseline, time (months) from disease onset to first di-
agnostic biopsy; IS, immunosuppressive; IS only, any type of immunosuppressive agents and no renin-angiotensin-aldosterone 
system inhibitors; LM, light microscopy; MMF, mycophenolate mofetil; RAAS, therapy with renin-angiotensin-aldosterone sys-
tem inhibitors.
a Statistically significant parameters.
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achieving a threshold UPCR under 100 mg/mol was par-
ticularly strongly associated with lower risk. 23 Caravaca-
Fontán et al. showed a lower risk of kidney failure in 
patients with $50% proteinuria reduction from baseline, 
with better kidney outcomes in those with time-averaged 
proteinuria values ,1 g/24 hours, similarly to a recent 
multicohort study. 22,25 By contrast, in 75 patients with IC-
MPGN and C3G with over 2 years of follow-up, Lomax 
et al. showed that kidney survival did not differ between

patients who achieved a 50% proteinuria reduction and 
those who did not. 26 In our present work, consistent with 
previous studies demonstrating the association with post-
treatment residual proteinuria per se in several cohorts of 
patients with proteinuric nephropathies, 37–39 absolute pro-
teinuria levels during follow-up reliably associated with 
long-term disease outcomes. This finding supports the 
possibility that lowering proteinuria below a specific 
threshold in the short term may result in a better kidney
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Figure 5. Kaplan-Meier curves for kidney survival stratified by age of onset and by immunofluorescence-based histological diagnosis. 
Kaplan–Meier curves for kidney survival stratified by age of onset (A, n5330) and by IF-based histological diagnosis (B, n5332). 
Patients with available clinical information were censored at 10 years from onset or at the event. Patients with ESKD before baseline 
were removed from the analyses. Age classes: younger than 12 years, patients with pediatric onset; 12 to younger than 18 years, 
patients with onset in adolescence; 18 years or older, patients with onset in adulthood.
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prognosis than the extent of proteinuria reduction itself. 
Specifically, our analyses provide the rationale for target-
ing a 1-year proteinuria level below 1 g/24 hours as a 
minimal therapeutic goal in interventional trials in primary 
C3G/IC-MPGN. This aligns with a recent study in patients 
with C3G/IC-MPGN showing that, when proteinuria was 
modeled as a time-varying variable, the risk of kidney 
failure was higher with values above 1 g/24 hours. 25 

Overall, our findings support the complementary use of 
proteinuria reduction and absolute levels of residual pro-
teinuria as potential surrogate endpoints for disease pro-
gression in C3G and IC-MPGN.
Several studies have attempted to identify additional 

associations for kidney failure in patients with MPGN, 
including age at onset, kidney function, genetic predispo-
sition, histological category, or parameters. 11,25,26,32,35,39–41 

In our study, the higher kidney survival in patients with 
pediatric onset aligns with findings from smaller pediatric 
cohorts. 30,42,43 It may be speculated that earlier and more 
intensive treatment, as well as the absence of comorbidities 
in children compared to adults, could lead to a better 
prognosis. Conversely, adult-onset disease might reflect 
delayed diagnosis, which could be associated with more 
severe chronic and irreversible kidney morphological 
changes, as indicated by the more frequent chronic lesions 
in patients with adult onset.
When evaluating kidney function as an association with 

kidney outcomes, we observed that lower 1-year eGFR was 
significantly associated with a higher risk of disease pro-
gression, consistent with other studies. 11,23

Finally, although rare functional complement genetic 
variants or a family history of complement-associated dis-
eases have been suggested to negatively affect kidney 
outcomes, our survival analysis showed no significant 
difference between individuals with a genetic predisposi-
tion and those without.
This study has several limitations. Its retrospective and 

observational design limits the ability to establish causality, 
especially because only a subset of patients had detailed 
longitudinal data available, and the 1-year time point in-
cluded values recorded between 6 and 18 months from 
baseline. Because the cohort was multicentric, variations in 
biopsy timing and treatment patterns introduced hetero-
geneity that may have influenced outcomes. Proteinuria 
measurements were nonstandardized, making the results 
susceptible to random fluctuations. The limited follow-up 
period may have prevented our capacity to fully assess 
long-term kidney survival. Finally, the lack of racial and 
ethnical diversity in our cohort could potentially affect the 
generalizability of our findings.
Despite these limitations, our results from a large, well-

characterized cohort of individuals with primary C3G/ 
IC-MPGN and extensive complement profiling, provide 
valuable insights to inform clinical practice and guide 
the potential use of emerging complement inhibitors.
In conclusion, our findings highlight the overlapping 

features of primary C3G and IC-MPGN, underscore the 
importance of early diagnosis, and substantially contribute 
to the discussion about surrogate endpoints for long-term 
kidney outcomes. By demonstrating the prognostic value 
of residual proteinuria burden, our results suggest that 
absolute proteinuria thresholds may better capture the risk

of long-term kidney outcomes than the magnitude of pro-
teinuria reduction.
These findings can inform the implementation of emerg-

ing complement-targeted therapies in clinical practice 
and support the integration of proteinuria level as a sur-
rogate endpoint in interventional trials for primary C3G/ 
IC-MPGN.
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22. Caravaca-Fontá n F, Toledo-Rojas R, Huerta A, et al. Compar-
ative analysis of proteinuria and longitudinal outcomes in im-
mune complex membranoproliferative glomerulonephritis and 
C3 glomerulopathy. Kidney Int Rep. 2025;10(4):1223–1236. 
doi:10.1016/j.ekir.2025.01.024

23. Masoud S, Wong K, Pitcher D, et al. Quantifying association of 
early proteinuria and estimated glomerular filtration rate 
changes with long-term kidney failure in C3 glomerulopathy 
and immune-complex membranoproliferative glomerulone-
phritis using the United Kingdom RaDaR registry. Kidney Int. 
2025;108(3):455–469. doi:10.1016/j.kint.2025.06.003

24. Wong K, Pitcher D, Braddon F, et al. Effects of rare kidney 
diseases on kidney failure: a longitudinal analysis of the UK 
National Registry of Rare Kidney Diseases (RaDaR) cohort. 
Lancet. 2024;403(10433):1279–1289. doi:10.1016/S0140-
6736(23)02843-X

25. Ghaddar M, Caravaca-Fontá n F, Praga M, et al. Clinical and 
histologic predictors of kidney outcomes in C3 glomerulopathy 
and idiopathic membranoproliferative GN. Clin J Am Soc 
Nephrol. 2025;20(8):1119–1131. doi:10.2215/CJN. 
0000000751

26. Lomax-Browne HJ, Medjeral-Thomas NR, Barbour SJ, et al. 
Association of histologic parameters with outcome in C3 glo-
merulopathy and idiopathic immunoglobulin-associated mem-
branoproliferative glomerulonephritis. Clin J Am Soc Nephrol. 
2022;17(7):994–1007. doi:10.2215/CJN.16801221

27. Bomback AS, Appel GB, Gipson DS, et al. Improving clinical 
trials for anticomplement therapies in complement-mediated 
glomerulopathies: report of a scientific workshop sponsored by 
the National Kidney Foundation. Am J Kidney Dis. 2022;79(4): 
570–581. doi:10.1053/j.ajkd.2021.07.025

28. Nester C, Decker DA, Meier M, et al. Developing therapies for 
C3G: report of the kidney health initiative C3G trial endpoints 
work group. Clin J Am Soc Nephrol. 2024;19(9):1201–1208. 
doi:10.2215/CJN.0000000000000505

29. Vivarelli M, Barratt J, Beck LH, et al. The role of complement 
in kidney disease: conclusions from a Kidney Disease: Im-
proving Global Outcomes (KDIGO) Controversies Confer-
ence. Kidney Int. 2024;106(3):369–391. doi:10.1016/j.kint. 
2024.05.015

30. Kirpalani A, Jawa N, Smoyer WE, Licht C.; Midwest Pediatric 
Nephrology Consortium. Long-term outcomes of C3 glomer-
ulopathy and immune-complex membranoproliferative glo-
merulonephritis in children. Kidney Int Rep. 2020;5(12): 
2313–2324. doi:10.1016/j.ekir.2020.09.019

31. Fakhouri F, Le Quintrec M, Fré meaux-Bacchi V. Practical 
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Clinical profiles and patterns of kidney disease progression in 
C3 glomerulopathy. Kidney360. 2023;4(5):659–672. doi:10. 
34067/KID.0000000000000115

41. Iatropoulos P, Daina E, Curreri M, et al. Cluster analysis 
identifies distinct pathogenetic patterns in C3 glomerulopathies/ 
immune complex-mediated membranoproliferative GN. J Am 
Soc Nephrol. 2018;29(1):283–294. doi:10.1681/ASN. 
2017030258

42. Cappoli A, Kersnik-Levart T, Silecchia V, et al. C3 glomerul-
opathy in children: a European longitudinal study evaluating 
outcome. Pediatr Nephrol. 2025;40(4):979–986. doi:10.1007/ 
s00467-024-06587-z

43. Ueda C, Horinouchi T, Inoki Y, et al. Clinical characteristics 
and outcomes of immune-complex membranoproliferative 
glomerulonephritis and C3 glomerulopathy in Japanese chil-
dren. Pediatr Nephrol. 2024;39(9):2679–2689. doi:10.1007/ 
s00467-024-06377-7

*Contributors to the Italian Registry of MPGN: Abbate Mauro, Alberici 
Federico, Alberti Marta, Amar Karen, Ambrosini Andrea, Anastasi 
Michele, Angeletti Andrea, Antonucci Luca, Ardissino Gianluigi, Aucella 
Filippo, Badolato Raffele, Bainotti Serena, Baraldi Olga, Basile Federica, 
Basso Elisa, Bedogni Stella, Benetti Elisa, Benigni Ariela, Benvenuto 
Simone, Berto Ilario Mauro, Besso Luca, Biancone Luigi, Bisegna Sergio, 
Boccardo Paola, Bonomini Mario, Bonucchi Decenzio, Boscutti 
Giuliano, Bossini Nicola, Bottanelli Laura, Bove Sergio, Breno Matteo, 
Bresin Elena, Brugnano Rachele, Brunini Francesca, Brunori Giuliano, 
Buccella Nadia, Buscemi Barbara, Bussolino Stefania, Cagna Daniele, 
Calcaterra Eleonora, Cambareri Maria Francesco, Campolo Gesualdo, 
Canavese Caterina, Cantaluppi Vincenzo, Capitanini Alessandro, 
Carrara Camillo, Carrara Fabiola, Caruso Maria Rosa, Casartelli 
Donatella, Cavalli Andrea, Cesca Laura, Chirco Giuseppe, Cimino 
Simonetta, Cingolani Alessandra, Cirami Lino, Citterio Franco, Clari 
Roberta, Colturi Carla, Colussi Giacomo, Conte Ferruccio, Comai 
Giorgia, Cozzolino Mario Gennaro, Cravedi Paolo, Cugini Daniela, 
Daina Erica, Dall’Amico Roberto, Damiano Francesca, D’Amico Marco, 
De Amicis Sara, De Biase Consuelo, De Paolis Paolo, De Rosa Marcelo, 
De Sanctis Lucia Barbara, De Seigneux Sophie, Decostanzi Ester, Del 
Vecchio Lucia, Delbarba Elisa, Delcorso Claudia, Demetri Marcello, Di 
Luca Marina, Di Maso Vittorio, Di Vico Maria Cristina, Diadei Olimpia, 
Donadelli Roberta, Donati Gabriele, Dossi Fiorella, Dufey Teso Anne, 
Emma Francesco, Esposito Pasquale, Fasoli Gianluca, Federico Stefano, 
Fenoglio Roberta, Feriozzi Sandro, Ferrante Maria Paola, Ferrantelli 
Angelo, Ferrari Annachiara, Ferretti Alfonso, Ferro Michela, Fiaccadori 
Enrico, Fischer Maria Stephanie, Floreani Riccardo, Fotue Kamokwe 
Yvonne, Gallelli Beniamina, Gallo Ester, Gamba Sara, Gandolfini Ilaria, 
Garosi Guido, Garrone Alberto, Gennarini Alessia, Gentile Micaela, 
Gesualdo Loreto, Gherardi Giulia, Ghiggeri Gian Marco, Giannese 
Domenico, Gianoglio Bruno, Gigante Antonietta, Giordani Maria Cora, 
Giordano Mario, Giovanella Silvia, Giovinazzo Gloria, Gotti Eliana, 
Grandaliano Giuseppe, Gregorini Gina, Gregorini Marilena, Gualeni 
Chiara, Guarinoni Chiara, Guarnieri Andrea, Guastini Roberta, 
Guglielmetti Gabriele, Hadaya Karine, Haidar Fadi, Hirt-Minkowski 
Patricia, Huidobro Espinosa Juan Pablo, Iatropoulos Paraskevas, 
Imanifard Zahra, Imeraj Amantia, Infante Barbara, Inferrera Claudia, 
Kemper Markus, La Manna Gaetano, La Milia Vincenzo, Lambertini 
Domenica, Lazzarin Roberta, Leone Valentina Fanny, Lepore Marta, 
Livon Margherita, Lo Re Claudia, Macciò Lucia, Maffei Stefano, 
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