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CONCLUSION Proteinuria a short time after diagnosis is strongly associated
with long-term outcomes in C3G and IC-MPGN. Reaching a UPCR <100mg/mmol

at 1 year is associated with a substantially lower kidney failure risk.
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Abstract

Introduction: C3 glomerulopathy (C3G) and immune-complex membranous proliferative
glomerulonephritis (IC-MPGN) are rare disorders that frequently result in kidney failure over the
long-term. Presently, there are no disease-specific treatments approved for these disorders,
although there is much interest in the therapeutic potential of complement inhibition. However,
the limited duration and necessarily small size of controlled trials means there is a need to quantify
how well short-term changes in estimated glomerular filtration rate (eGFR) and proteinuria predict
the clinically important outcome of kidney failure.

Methods: We address this using longitudinal data from the UK Registry of Rare Kidney Diseases
(RaDaR) involving retrospective and prospective data collection with linkage to hospital
laboratories via automated feeds of 371 patients. Analyses of kidney survival were conducted using
Kaplan—Meier and Cox regression with eGFR slope estimated using linear mixed models.

Results: In a median of 11.0 (inter quartile range 7.4-15.1) years follow-up, 148 patients (40%)
reached kidney failure. There was no significant difference in progression to kidney failure between
C3G and IC-MPGN groups. Baseline urine protein-creatinine ratio (UPCR), although high, was not
associated with kidney failure in either group. Two-year eGFR slope had a modest association with
kidney failure. In contrast, both 20%-50% and 50 mg/mmol reductions in UPCR between 0-12
months were associated with lower kidney failure risk in both groups. Notably, those with a UPCR
under 100 mg/mmol at 12 months had a substantially lower risk of kidney failure (hazard ratio 0.10
(95% confidence interval 0.03-0.30).

Conclusions: Overall, proteinuria a short time after diagnosis is strongly associated with long-term
outcomes and a UPCR under 100 mg/mmol at one year is associated with a substantially lower
kidney failure risk.

Keywords: Rare kidney disease registry, membranoproliferative glomerulonephritis, C3 glomerulopathy,
complement, dense deposit disease, C3

Lay summary

C3 glomerulopathy (C3G) and Immune-Complex Membranoproliferative Glomerulonephritis (IC-MPGN) are
rare kidney conditions which frequently lead to kidney failure (KF). Little is known about how changes in
proteinuria and kidney function early in disease course are associated with long-term risk of KF. This is
particularly important in understanding how short-term results from clinical trials might translate into longer-
term outcomes. We used data from 371 UK patients with C3G and IC-MPGN recruited to the National Registry
of Rare Kidney Diseases (RaDaR) to investigate associations between change in proteinuria and eGFR slope
from diagnosis to 6, 12 and 24 months and KF. Median follow-up time was 11.0 years, during which 40% of
patients reached KF. We found that whilst 2-year eGFR slope had a modest association with KF, decrease in
urinary protein levels (UPCR) between diagnosis and 12 months was strongly associated with lower KF risk.

Those with a UPCR <100 mg/mmol at 12 months had a 90% reduction in their risk of KF.



Introduction

C3 glomerulopathy (C3G) and immune-complex membranoproliferative glomerulonephritis (IC-MPGN) are
rare kidney disorders in which there is glomerular inflammation, increased mesangial matrix and cellularity,
capillary wall thickening with deposition of immunoglobulins (in IC-MPGN) and/or complement C3 (seen in
both C3G and IC-MPGN). C3G is further subdivided into C3 glomerulonephritis and dense deposit disease
(DDD) based on electron micrographic appearances. Presentation typically includes proteinuria and/or other
features of kidney disease such as hematuria, hypertension, or renal impairment. These conditions have a
combined incidence of 3-5 per million population.>? Although the biopsy features of C3G and IC-MPGN can
also be seen in disorders in which there is sustained activation of the immune system (such as persistent
infection or autoimmune disease) the diagnosis of primary MPGN in the UK is reserved for those cases in
which an underlying cause of immune activation is not identified. Although in most cases the cause of C3G
and IC-MPGN is unknown, abnormal activation of the complement alternative pathway is frequently present
in both disease categories. This can be attributed to the development of autoantibodies, most commonly C3
Nephritic Factor or, less often, can be associated with Mendelian®* or non-Mendelian rare or common genetic

variants'®1*

affecting innate or adaptive immunity; with comparable prevalence of variants and
autoantibodies reported in both disorders.!>1¢ Together with the presence of C3 deposited in the kidneys
in almost all cases and the frequent serological evidence of C3 consumption, 911517 these data have provided

a compelling rationale for therapeutic targeting of the complement system in these disorders.

While the clinical presentation and diagnosis of these disorders are well-established, long-term outcomes and
prognostic features are less well understood, with the literature dominated by single-center series, or studies
with limited follow-up, focusing on baseline predictors of disease progression and prone to ascertainment
bias. Nonetheless, prognostic markers such as eGFR, hypoalbuminaemia, and biopsy findings of interstitial
fibrosis and tubular atrophy, crescents, and segmental sclerosis!'#2* have been consistently shown to be
associated with kidney failure (KF) in both adult and pediatric IC-MPGN and/or C3G cohorts.'>%% Literature
regarding baseline proteinuria is more conflicting: in a study of 156 patients with C3G or IC-MPGN, baseline
proteinuria >2 g per day was independently associated with the composite outcome of doubling of serum
creatinine or KF.2° However, in a cohort of 111 US C3G patients and 164 from France the association of
baseline proteinuria with KF was non-significant in the multivariable model.’®?> Finally, the GLOSEN
investigators demonstrated a 250% decrease in proteinuria over follow-up or within 6-12 months to be

associated with a slower eGFR decline and lower risk of KF.2%?7



While case series and small observational studies have suggested a potential benefit of corticosteroids and
mycophenolate, response to treatment varies, and long-term outcomes remain poor. The nephrology
community therefore awaits the results of several complement inhibition randomized trials. However,
interpreting the potential clinical impact of an intervention for rare kidney diseases based on evidence of
efficacy in a short (i.e., 0.5-2 year) clinical trial is often hampered by lack of direct data demonstrating
efficacy in reducing the key clinically relevant outcome of KF. Thus, data are needed inform appraisal of the
likely clinical impact of early surrogate endpoints (such as proteinuria and short-term changes in eGFR),
amenable to study in relatively short duration trials with limited numbers of participants, on long-term
outcomes such as KF. There is growing interest in the extent to which these endpoints can serve as reliable

surrogates for hard kidney outcomes and thus inform regulatory decisions and healthcare planning.?8-3°

Both observational data and meta-analyses of controlled trial treatment effects have supported the use of

3133 and proteinuria in the context of CKD,3* and IgA nephropathy.3>3¢ Subsequently, IgA

eGFR slope,
nephropathy therapies that demonstrate a short-term reduction in proteinuria in clinical trials can now apply
for accelerated approval by the US Federal Drug Administration with full approval granted following

confirmation that the drug slows disease progression as measured by eGFR decline over 24 months.

To address this unmet need in C3G and IC-MPGN, we analyzed longitudinal data from 371 incident patients
enrolled in the UK National Registry of Rare Kidney Diseases (RaDaR) to quantify the relationships between
early changes in proteinuria and eGFR with the clinically important outcome of KF long-term. This study
addresses and quantifies Prentice’s first tenet for surrogate endpoints: that a surrogate endpoint should have
a strong association with a true outcome.?” The subsequent tenet- that treatment effect on the surrogate
must capture the treatment effect on the clinical outcome-is best achieved through meta-analysis of
controlled trials and is beyond the scope of this study.3**® Additionally, while medication data enrichment
within RaDaR is ongoing, current data limitations preclude robust analyses of therapies patients have been

exposed to historically.

Methods

Data source

RaDaR recruits patients from 108 National Health Service (NHS) sites with both retrospective and prospective
data collection through linkage with hospital laboratories for routine blood and urine test results via the UK
Renal Data Collaboration, and with the UK Renal Registry (UKRR) for validated data on initiation of kidney

replacement therapy (KRT), including data provided by NHS Blood and Transplant (NHSBT). Patients provide



written informed consent at recruitment. Details of recruitment characteristics and potential biases have

been reported previously.*

Inclusion and exclusion criteria for RaDaR are detailed in Supplementary materials.

Study population

Data from all prevalent patients recruited to RaDaR with one of the above conditions and diagnosed between
January 2000 (when proteinuria reporting to RaDaR was established) and December 2022 were extracted on
13" February 2025. Participants with an eGFR <15 ml/min per 1.73m? or receiving KRT at diagnosis were

excluded.

Patients who could be reliably classified as either C3G (n = 203) or IC-MPGN (n = 168) by updated (post-2012)
criteria®® were included. Any patients in whom classification by updated criteria was unclear were grouped
as “primary MPGN-Not Otherwise Specified” (primary MPGN-NOS) and data presented in supplementary
materials. Diagnoses were established by review of histopathological and clinical records (detailed in Figure

1,%1 Supplementary methods).

All patients classified as either C3G or IC-MPGN had data linkage with the UKRR for data on KRT initiation and

death.

A subset of these patients also had eGFR and proteinuria measurements available at diagnosis and at 12
months post diagnosis, which enabled analyses investigating the association between proteinuria, eGFR

changes and kidney failure (KF) in this group.

Variable and outcome definitions

Baseline or diagnosis date was defined by kidney biopsy date or in the absence of this, date of diagnosis
recorded in RaDaR. Time of diagnosis window was defined as +/-3-months from diagnosis date. eGFR was
calculated from plasma creatinine results using CKD-EPI (2009) without race adjustment, or Schwartz
equation for those <16 years.***3 KF was defined as dependance on KRT or eGFR <15 ml/min per 1.73m?
maintained for at least 4 weeks.** Follow-up time was defined as time between date of diagnosis and last

available test result, or whichever occurred first, KF or death from any cause.

Statistical Analyses

Categorical data were reported as frequencies (%) and medians (interquartile range) for non-normally

distributed continuous data. Kaplan-Meier analyses were used to compare time to KF for C3G and IC-MPGN.



Univariable Cox modelling was used to identify risk factors associated with KF for each disease group.
Variables specified a priori included: age, sex, chronic kidney disease (CKD) stage, complement C3 and 4,
random urine protein creatinine ratio (UPCR) at diagnosis and at 12 months, immunosuppression within 1%
year of diagnosis. Variables achieving a significance threshold of P < 0.05 were included in the multivariable
model. A two-sided P-value of 0.05 was considered significant. To examine the association between UPCR
and time to KF, Cox regression was used to investigate UPCR values, percentage change, and absolute
reduction at different timepoints (diagnosis, 6-months and 12-months), adjusted for sex, age, UPCR and eGFR
at diagnosis. A reduction of 50 mg/mmol (0.44g/g) is presented to examine the lowest prognostically
meaningful change in UPCR. UPCR values at 12 months were examined in two ways: a) comparing individuals
achieving a UPCR <100 mg/mmol and 100-300 mg/mmol with a reference group of those >300 mg/mmol; b)
Comparing patients with UPCR <100 mg/mmol with those >=100 mg/mmol, and then repeating, using
thresholds of 200 and 300 mg/mmol to dichotomise the patients. Inception time for the Cox model was

diagnosis date, and patients were censored at death.

Annualized rate of eGFR loss (eGFR slope) was calculated over full duration of follow-up, comparing C3G and
IC-MPGN groups, and for the first two years following diagnosis. A linear mixed model with random intercept
and random slope was used to estimate each patient’s eGFR slope. Patients were required to have at least 4
eGFR measurements for inclusion. The association of KF with eGFR slope over 2 years and with percentage
change in eGFR at 2 years (sustained over a minimum of 90 days) was also investigated, adjusting for age, sex,
and eGFR at diagnosis. Finally, the impact of eGFR variability on KF, as measured using the coefficient of
variation (CV) and average real variability (ARV), was evaluated using Cox regression, adjusted for the same

covariates.

A joint model was used to investigate the association of longitudinal UPCR during follow-up and KF, stratified

by diagnosis group (details included in the Supplementary Materials).

Data availability for each variable is shown in Supplementary Table S1. The analyses were restricted to
patients with complete data required for each calculation; multiple imputation has not been performed.

Percentages and proportions are of those with data available.

Analyses were performed using SAS v9.4, STATA v16.1 and R v4.3.3.

Ethics



This report adheres to the Strengthening the Reporting of Observation Studies in Epidemiology (STROBE)
statement. RaDaR has ethical approval as a research registry provided by NHS South-West Central Bristol

Research ethics committee (14/SW/1088) and by the RaDaR and UKRR operational committees.

Role of funders

CP & NW are/were employees and shareholders of Novartis at the time of manuscript submission. Novartis
funded part of the research presented here through a research collaboration. The objectives and protocol
were developed jointly. The RaDaR team conducted all the analyses and developed the manuscript draft, and

all authors discussed the data and provided comments on the manuscript.

Results

Demographics and baseline characteristics

371 patients were included, 203 (55%) with C3G and 168 (45%) with IC-MPGN. Of the patients with C3G, n =
138 (68%) had a C3GN subtype, and n =65 (32%) DDD (Table 1). For 352 patients it was not possible to confirm
a diagnosis of C3G or IC-MPGN; results for these patients (Primary MPGN-NOS’) are presented in
Supplementary Table S2. The median age at diagnosis for patients with C3G was 20 years (IQR 11-40) and 25
years (IQR 10-54) for those with IC-MPGN. Patients with DDD subtype had a younger median age at diagnosis
than those with C3GN (14 years (IQR 10-34) vs. 24 years (IQR 14-46), respectively), and a higher percentage

of patients diagnosed at <18 years old compared to patients with C3GN or IC-MPGN.

Approximately half of all participants were female (166/371, 45%); this proportion was lower in the C3GN
sub-group (54/138, 39%). Median C3 levels at diagnosis were lowest in the DDD subgroup (0.36 g/I (0.12-
0.73)), and median C4 levels lowest in patients with IC-MPGN (0.14 g/| (0.09-0.25).

At least one medication entry was available for 292/371 participants within the 1% year of diagnosis
(Supplementary Table S1). Of those with data 127/292 (43%) received at least one immunosuppressant and
119/292 (41%) received corticosteroids alone or as combination therapy. 121/292 (41%) were recorded as
receiving a renal angiotensin system (RAS) inhibitor within 1 year of diagnosis, however this could reflect

incomplete medication data collection.
Kidney Replacement Therapy

Over the course of follow-up, 86/203 (42%) of participants with C3G and 62/168 (37%) with IC-MPGN
experienced a KF event. Most had started KRT at time of analyses: (83/86 (97%) of those with C3G and 59/62
(95%) of those with IC-MPGN), with 2 deaths prior to KRT initiation.



Of those reaching KF, 27/86 (31%) with C3G and 14/62 (23%) with IC-MPGN were diagnosed in childhood
(<18 years). Most patients with C3G began KRT on maintenance haemodialysis (47/83 (57%)), followed by
21/86 (24%) on peritoneal dialysis, and 15/86 (17%) received a pre-emptive kidney transplant. Proportions
of patients starting on each modality were similar for IC-MPGN (Haemodialysis 32/59 (54%), Peritoneal
Dialysis 17/59 (29%), Pre-emptive transplantation 10/59 (17%)). For those diagnosed in childhood, rates of
pre-emptive transplantation were slightly higher (5/27 (19%) for C3G and 4/14 (29%) for IC-MPGN.)

Over the follow-up period, 60/86 (70%) of patients with C3G and 40/62 (65%) with IC-MPGN who reached KF
underwent at least one kidney transplant. 5-year graft survival was 73% (95% Cl 57%-83%) for C3G, 71% for
IC-MPGN and 75% (95% Cl 67-82) for both groups combined (Supplementary Figure S1). 25" centile time to
graft failure for all subsequent transplants for C3G and IC-MPGN combined was 3.3 years (95% Cl 0.7 — 3.6).

Risk Factors for Progression to Kidney Failure

Linear mixed models of eGFR slope over full duration of follow-up and Kaplan-Meier analyses demonstrated

no statistically significant difference in progression to KF between patients with C3G and IC-MPGN (Figure 2).

Risk factors associated with progression to KF were investigated using univariable and multivariable models
(Table 2). In the univariable models, age, CKD stage at diagnosis and UPCR levels at 12 months were
independently associated with KF for both C3G and IC-MPGN, whereas UPCR levels at diagnosis, albumin,
immunosuppression use within 1 year and complement C3 and C4 at diagnosis were not. In the multivariable
models, female sex and lower CKD stage at diagnosis were associated with a lower hazard of KF for both C3G
and IC-MPGN groups. UPCR <100 mg/mmol at 12 months was associated with a decreased hazard of KF for
C3G, and there were no KF events in the <100 mg/mmol group for IC-MPGN. Results were similar for patients

with primary MPGN-NOS (Supplementary Table S3).

To address whether changes in eGFR and proteinuria early in disease course are associated with long term
development of KF, we utilized a subset of 91 patients for whom data on UPCR and eGFR at diagnosis and 1-
year post diagnosis were available (C3G n =44, IC-MPGN n =47, Table 1 and Figure 1). Baseline characteristics
of this subset of patients and the overall cohort were generally comparable (Supplementary Table S4),
although the restricted cohort were younger and had higher recorded immunosuppression and RAS inhibitor

use at 1 year. All subsequent analyses were performed on this subset of patients.



We first demonstrated that annualized eGFR slope calculated over the first 2 years following diagnosis was
strongly associated with KF (C3G P = 0.0033, IC-MPGN P = 0.0132) (Figure 3a). However, an annual decline of
10 ml/min per 1.73m? over the first 2 years was associated with only a modest increase in KF hazard for both
C3G (HR 1.68 95% Cl 1.13-2.49) and IC-MPGN (HR 1.99 95% Cl 1.28-3.10). As a sensitivity analysis, those with
an eGFR >60 ml/min per 1.73m? at diagnosis were excluded, and subsequent point estimates were only
marginally higher (Supplementary Figure S2). Replicating this in a prevalent cohort (diagnosed >1 year prior
to inclusion) resulted in higher point estimates (Supplementary Figure S3). Results for sustained percentage
change in eGFR at 2 years were more conflicting; percentage change in eGFR was associated with KF for C3G
(P = 0.0022), but not IC-MPGN (P = 0.7342) (Figure 3b) or for both groups combined (P = 0.1210,
Supplementary Figure S4). The distribution of participants’ eGFR changes are available in Supplementary
Figure S5. eGFR variability as measured by both CV and ARV was not associated with KF (Supplementary
Figures S6 and S7).

Next, we examined changes in UPCR across diagnosis, 6-month, 12-month timepoints as may be presented
in a clinical trial, excluding those with a UPCR <50 mg/mmol at diagnosis. As outlined, the objective was to
quantify the KF hazard associated with increases and decreases in UPCR, regardless of why these may have
occurred. The distribution of UPCR measurements in both the C3G and IC-MPGN cohorts across different
timepoints can be found in Supplementary Figure S8, with a median UPCR of 532 mg/mmol (IQR 301-915) at
diagnosis and 117 mg/mmol (IQR 55-321) at 12months for C3G, and median UPCR of 581 mg/mmol (IQR 310-
847) at diagnosis and 102 mg/mmol (IQR 25-360) at 12 months for IC-MPGN. Absolute reduction of UPCR
between 0-12months was significantly associated with lower risk of KF for both C3G and IC-MPGN patients
(Table 3); a 50 mg/mmol decline was estimated to have an adjusted HR (95% Cl) of 0.63 (0.50, 0.78) for the
combined cohort. Additionally, whilst a 50% reduction in UPCR at 6 months did not reach statistical
significance for either group, a halving of UPCR from diagnosis to 12 months and 6 to 12months was strongly
associated with a lower rate of KF for both C3G (0-12 months: HR 0.40 (95% ClI 0.23, 0.69) P = 0.001. 6-12
months: HR 0.33 (0.14, 0.76) P = 0.0097) and IC-MPGN patients (0-12 months: HR 0.22 (95% Cl 0.1, 0.49) P =
0.0002. 6-12 months: HR 0.12 (0.03, 0.58) P = 0.0079). Forest plots demonstrating how this risk varies for a
range of UPCR changes from diagnosis to 12 months are presented in Figure 3C with the distribution of UPCR

changes in our cohort presented in Supplementary Figure S9.

From both a clinical practice and trial perspective, understanding the extent to which reaching certain
thresholds diminishes KF risk can often be useful. Figure 4 shows time to KF according to UPCR category for
C3G and IC-MPGN. Table 3 shows the KF hazard for those who reach a specific threshold of UPCR at 12
months, compared to those who do not reach that threshold, for the combined cohort and each group
separately. For example, reaching a UPCR of <100 mg/mmol at 12 months was associated with a 90% lower

rate of KF compared to patients achieving a UPCR >100 mg/mmol, for C3G and IC-MPGN combined (Table



3). Whilst reaching a UPCR of <200 mg/mmol and <300 mg/mmol at 12-months also showed similarly large
reductions in the hazard of KF, this is likely due to inclusion of patients achieving a UPCR <100 mg/mmol in
those groups; when comparing patients reaching a UPCR of 100-300 mg/mmol to a reference group of >300

mg/mmol, we found no statistically significant reduction in KF risk at these thresholds (Table 2).

To verify this finding was not driven by inclusion of low-risk participants whose UPCR started and remained
low, we performed a sensitivity analysis excluding those with a UPCR <100 mg/mmol at diagnosis
(Supplementary Table S5), which showed similar results. Results were comparable in the MPGN-NOS

cohort (Supplementary Table S6).

Joint models showed a significant association of UPCR during total follow up with KF, adjusting for age, sex
and eGFR at diagnosis (Supplementary Table S7). Adjusted HRs (95% Cl) for a halving of UPCR were 0.24
(0.10, 0.56) for C3G and 0.54 (0.36, 0.80) for IC-MPGN.

Discussion

We present long-term longitudinal data from 371 C3G or IC-MPGN patients within the UK National Registry
of Rare Kidney Diseases (RaDaR). Using an incident cohort, we provide valuable insights into the natural

history of these ultra-rare disorders, expanding on small-scale observational studies®%20:26

and providing
guantitative estimates for the relationship of early surrogate endpoints on KF hazard. We present analyses
of C3G and IC-MPGN combined and separately for reference, given evidence of overlapping pathogenesis,
specifically complement pathway dysregulation and thus suitability for inclusion in targeted therapy
trials.1®! A particular strength of this study is the median follow-up 11.0 years (7.4-15.1), during which 40%
of participants reached KF, illustrating the significant unmet need for effective treatments in these
disorders.* Recent results from the GLOSEN registry showed similarly high rates of KF (70% kidney survival
over a median follow-up of 5.4 years, compared to 73% 5-year kidney survival (95% Cl 68%—78%) in this
cohort), despite significantly higher rates of corticosteroid use (84%—90% compared to 38%—-49% in this
cohort), perhaps suggesting limited effectiveness of current treatments. This is notably compounded by a
reduced five-year first allograft survival of 75% compared with 84%—-87% five-year graft survival for all (adult
or pediatric) deceased donor recipients in the UK,***” and evidence that fewer paediatric patients achieve

the optimal treatment of pre-emptive transplantation (22%) compared to >30% of the overall incident UK

paediatric KRT population,*® although this proportion can be as low as 3% for some glomerular diseases.

In a multivariable cox regression model, Female sex was associated with lower risk of KF for both disease
groups. These differences are not explained by earlier ascertainment: whilst Females had a younger median
age at diagnosis (Females 18 years (IQR 10-49) Males 24 (12-46), P=0.27), and better baseline kidney function
(median eGFR at diagnosis: Females 66 (IQR 39-99), Male 64 (40-104), P = 0.80), these differences did not
reach statistical significance. To our knowledge, this is the first study to describe sex differences in kidney

outcomes in C3G and IC-MPGN, and verification in other cohorts would be beneficial.



Consistent with previous studies,'**® we show no significant difference in time to KF between C3G and IC-
MPGN patients nor in mean eGFR slope over the first 5 years of follow-up and that eGFR and proteinuria are
strongly associated with long-term outcomes in both groups.’®* However, our analysis showed stronger
relationships of these parameters at 6-24 months with long-term risk of KF, with the association of proteinuria
(and changes in proteinuria) particularly significant. Addressing the utility of these endpoints in a disease
specific context, we show that while eGFR slope early in disease course is strongly associated with KF, the
magnitude of the effect is relatively modest, even over two years, compared to change in proteinuria over 1
year. This remains the case irrespective of whether baseline eGFR is above or below 60 ml/min per 1.73m? as
has also been shown using CKD data,® although the effect of eGFR slope on KF was more marked in a
prevalent cohort (Supplementary Figure S3). This suggests that eGFR slope has more limited predictive power

forC3G and IC-MPGN compared to other kidney disorders, particularly early in the disease.

As previously reported,%2® proteinuria at baseline was not associated with KF, whereas proteinuria reduction
at 12 months was. This complements previous reports from the GLOSEN registry, which showed a 250%
reduction in proteinuria at 12 months was associated with a lower risk of KF (HR 0.83 95%Cl (0.69-0.95)).%®
We further demonstrate the novel finding that smaller reductions in proteinuria as little as 50 mg/mmol at
12 months were statistically significantly associated with lower risk of KF, as was a percentage decrease in
UPCR as little as 20%, although most patients in the cohort had larger changes in proteinuria (Supplementary
Figure S9).% By determining how KF risk changes across a range of absolute and percentage decreases in
proteinuria, even for reductions smaller than the 250% decrease shown in previous studies,?” our results help

enable more accurate prognostication clinically and more comprehensive appraisal of clinical trial results.

Achieving a threshold UPCR of <100 mg/mmol by 12 months was particularly strongly associated with lower
rate of KF events (HR 0.10 (95%Cl 0.03-0.30), P < 0.0001. Therefore, if proteinuria is shown in clinical trials to
be reduced to similarly low levels by therapies that act by reducing disease activity as compared to standard
of care, it is logical to infer that long-term KF hazard will be similarly reduced, potentially supporting the use
of this accessible endpoint in future trials as a surrogate for KF. However, the thresholds used in our study are
currently demonstrative, and validation in other cohorts are needed before use as clinical trial endpoints or

treatment targets.

Our findings must be considered in the context of the limitations inherent in registry studies including
incomplete data. The latter is mitigated through data linkages with UKRR and NHSBT which provide
validated long-term KF endpoints for all UK patients as well as increasing prospective data collection via
automated laboratory feeds from NHS hospitals. However, this remains a real-world dataset in which
standard of care may impact the availability of eGFR and UPCR data at timepoints, as may patient or disease
characteristics. It is most representative of the population and clinical practice patterns in the UK, which
may be different in other settings. We have presented analyses examining the association between eGFR

and UPCR changes early in disease and KF using a restricted cohort with data available at all requisite



timepoints. This cohort was younger at diagnosis and more likely to be recorded as receiving medications in
their first-year post-diagnosis than those without available data, and may therefore represent a population
with earlier disease onset and a more intensive standard of care. Whilst our analyses are particularly
pertinent to this population, these characteristics should be taken into consideration when interpreting our

results.

Additionally, RaDaR does not yet collect data on frailty which may account for some heterogeneity in data
collected across sites, and medication data was limited. The additive prognostic value of autoantibody or
genetic variant status could not be assessed with this dataset. Finally, whilst beyond scope this study, further
work to assess whether treatment effects on intermediate endpoints predict treatment effects on KF may
enable upgrade of proteinuria from a “reasonably likely” to a “validated” endpoint as indicated in the

Biomarkers, Endpoints, and other Tools Resource.*’

In conclusion, using real-world data from RaDaR, we provide quantitative descriptions of the relationships
between early changes in both eGFR and proteinuria, and long-term renal outcomes in incident patients with
C3G and IC-MPGN. Across a range of measures, we demonstrate that proteinuria a short time after diagnosis
is strongly associated with long-term outcomes and notably that UPCR <100 mg/mmol at 1 year is associated
with substantially lower risk of KF progression, and that even small reductions in proteinuria could

significantly reduce long-term KF risk.
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Figure Legends

Figure 1: Study flow diagram and inclusion/exclusion criteria

Figure 2: Kaplan-Meier of time to kidney failure by disease subgroup (Panel A). Adjusted eGFR slope over
full duration of follow-up truncated at 5 years by disease subgroup* (Panel B)

Figure 3: Forest plots of UPCR and eGFR changes within 2 years of diagnosis and hazard ratio of kidney
failure for C3GN and IC-MPGN

Figure 4: Kaplan-Meier of time to kidney failure according to UPCR category at diagnosis (Panel a) and 12

months (Panel b), for C3G and IC-MPGN



Table 1: Baseline demographics and outcomes

C3 Glomerulopathy

IC-MPGN
C3GN
N =138 (%)? | N=168 (%)?
Age at diagnosis (years) N =138 N =65 N =168
Median (IQR) 24 (14 - 46) 14 (10- 34) 25 (10— 54)
Pediatric (<18 years) 50 (36) 41 (63) 73 (43)
Sex N =138 N =65 N =168
Female 54 (39) 31 (48) 81 (48)
Ethnicity N =126 N =58 N =157
White 113 (90) 47 (81) 139 (89)
Median follow up duration N =138 N =65 N =168
Median (IQR), years 10.6 (9.4-11.2) 10.6 (8.9-18.0) 12.0(7.5-15.6)
Serum albumin at diagnosis N =60 N =38 N =92
Mean (SD), g/! 32(10) 29 (8) 28 (8)
Complement C3 levels at diagnosis N =48 N =27 N =45

Median (IQR), g/!

Complement C4 levels at diagnosis

Median (IQR), g/|

0.25 (0.16 - 0.33)

0.22 (0.15 - 0.31)

0.14 (0.09 - 0.25)

Kidney failure event N =138 N =65 N =168
Yes 57 (41) 29 (45) 62 (37)
Immunosuppression within 1 year of diagnosis N =110 N =53 N =129
Yes 42 (38) 22 (42) 63 (49)
RAS inhibitor within 1 year of diagnosis N =110 N =53 N =129
Yes 44 (40) 23 (43) 54 (42)

eGFR/Proteinuria analysis population

C3G (C3GN/DDD)

UPCR (Median IQR, mg/mmol)

Diagnosis 532 (301 -915) 581 (310 - 847)
6-month 148 (81 - 312) 130 (44 - 295)
12-month 117 (55 - 321) 102 (25 - 360)
eGFR at diagnosis

Median (IQR), ml/min per 1.73 m?2 70 (40 - 94) 73 (41-114)

?Percentages are proportions of those with data available. C3GN-C3 Glomerulonephritis, DDD- Dense Deposit Disease, IC-MPGN- Immune-Complex
Membranoproliferative Glomerulonephritis, IQR- interquartile range, eGFR — estimated glomerular filtration rate, UPCR- urine protein creatinine

ratio, RAS- renal angiotensin system.




Table 2: Univariable and multivariable cox model of time to kidney failure according to baseline characteristics for C3G and IC-MPGN

able A

able A

Age at diagnosis, per

inyear 1

10 years 1.25(1.12, 1.38) <0.0001 1.10(0.98, 1.24) 0.1001 1.22(1.1,1.35) 0.0002 1.15(1.02, 1.30) 0.0239
Female 0.55 (0.35, 0.86) 0.0087 0.54 (0.34, 0.85) 0.0084 0.67 (0.4, 1.11) 0.1185 0.56 (0.33, 0.96) 0.0358
CKD stage at diagnosis

1&2 Ref ref Ref

3 2.42 (1.19, 4.93) 0.0151 1.67 (0.79-3.55) 0.1810 2.67 (1.22,5.8) 0.0141 1.69 (0.75, 3.82) 0.2066

4 16.02 (7.85, 32.68) <0.0001 12.63 (5.82, 27.41) <0.0001 6.79 (2.69, 17.11) <0.0001 3.56 (1.26, 10.01) 0.0163
Albumin

<30 g/l Ref Ref
>30 g/l 0.71(0.35, 1.43) 0.3370 0.93 (0.44, 1.97) 0.8541

Complement C3 g/| 1.01 (0.99, 1.02) 0.3476 0.96 (0.75, 1.22) 0.7129
Complement C4 g/| 1.03 (0.99, 1.08) 0.1669 0.87 (0.48, 1.58) 0.6380
UPCR at diagnosis

>300 mg/mmol Ref Ref

100-300 mg/mmol | 0.45(0.19, 1.06) 0.0678 0.51 (0.18-1.48) 0.2154

<100 mg/mmol 0.36 (0.13, 1.00) 0.0495 0.33 (0.04, 2.42) 0.2746
UPCR at 12 months

>300 mg/mmol Ref Ref

100-300 mg/mmol | 0.69 (0.29, 1.68) 0.4168 0.85 (0.34, 2.12) 0.7220 0.47 (0.15, 1.44) 0.1837 0.34 (0.11, 1.06) 0.0623

<100 mg/mmol 0.18 (0.06, 0.49) 0.0010 0.21 (0.073, 0.596) 0.0035 NE - NE -
Immunosuppression |, 53 4 64 5 35) 0.5292 0.66 (0.29. 1.48) 0.3120

*Patients were censored at death. C3 Glomerulopathy — C3 Glomerulonephritis and Dense Deposit Disease, IC-MPGN- Immune-complex MPGN, CKD- chronic kidney disease, UPCR- urine protein creatinine ratio,

eGFR- estimated glomerular filtration rate NE- No events




Table 3. UPCR thresholds and changes in UPCR in the 1 12 months following diagnosis and risk of kidney failure for C3G and IC-MPGN

UPCR thresholds at 12 months and Hazard Ratio (95%

Confidence Interval) of Kidney Failure

50% decline in UPCR and Hazard Ratio (95% Confidence
Interval) of Kidney Failure®

50mg/mmol decline in UPCR and Hazard Ratio (95%

Confidence Interval) of Kidney Failure®

C3 Glomerulopathy (C3 Glomerulonephritis and Dense Deposit Disease) N = 44
UPCR Threshold® Adjusted HR® P value Timepoint from Timepoint to Adjusted HRY Pvalue | Timepoint from | Timepoint to Adjusted HR d P value
<100 mg/mmol 0.18 (0.05, 0.65) 0.0086 Diagnosis 6 months 0.61(0.35,1.08) | 0.0898 Diagnosis 6 months 0.87 (0.65, 1.18) 0.3767
<200 mg/mmol 0.13 (0.04, 0.43) 0.0009 Diagnosis 1 year 0.4 (0.23,0.69) | 0.0010 Diagnosis 1 year 0.62 (0.43, 0.91) 0.0136
<300 mg/mmol 0.26 (0.1, 0.67) 0.0054 6 months 1year 0.33(0.14,0.76) | 0.0097 6 months 1year 0.71(0.51, 1.00) 0.0435
Immune Complex MPGN N = 47
<100 mg/mmol NE NE Diagnosis 6 months 0.66 (0.42,1.04) | 0.0698 Diagnosis 6 months 0.72 (0.51, 1.01) 0.0597
<200 mg/mmol 0.03 (0.004, 0.25) 0.0011 Diagnosis 1year 0.22 (0.1, 0.49) 0.0002 Diagnosis 1year 0.52 (0.35, 0.79) 0.0018
<300 mg/mmol 0.04 (0.01, 0.24) 0.0004 6 months 1year 0.12 (0.03,0.58) | 0.0079 6 months 1 year 0.062 (0.008, 0.50) 0.009
Combined cohort (C3 Glomerulopathy and Immune Complex MPGN) N = 91
<100 mg/mmol 0.10 (0.03, 0.30) <0.0001 Diagnosis 6 months 0.62 (0.44,0.86) | 0.0048 Diagnosis 6 months 0.79 (0.65, 0.96) 0.0183
<200 mg/mmol 0.13 (0.06, 0.31) <0.0001 Diagnosis 1year 0.40 (0.28, 0.56) | <0.0001 Diagnosis 1year 0.63 (0.50, 0.78) <0.0001
<300 mg/mmol 0.15 (0.07, 0.34) <0.0001 6 months 1vyear 0.26 (0.13, 0.50) | <0.0001 6 months 1 year 0.63 (0.48, 0.82) 0.0007

2Analyses exclude those with UPCR <50mg/mmol at diagnosis ® Comparison of patients who do and do not reach each threshold ¢ Adjusted for age, sex and eGFR “Adjusted for eGFR, age, sex and baseline UPCR. NE=

Not Estimable










Figure 1: Study flow diagram and inclusion/exclusion criteria

Patients recruited to RaDaR within Primary MPGN cohort, until February 13" 2025

Histopathology

n=1214
Excluded due to no diagnosis date or
All 1214 patients underwent biopsy clinically to facilitate diagnosis diagnosis before January 2000 or after
D
604/1214 had biopsy report or slides available for review December 2022
276/604 had biopsy review allowing classification of C3G or IC-MPGN by n=283

updated criteria®® (n=134 C3G, n=142 IC-MPGN), before other exclusion $

criteria applied

n=931 |

n=722

Excluded due to KRT or
eGFR<15mU/min/1.73m?at diagnosis

n=209

Confirmation of diagnosis of C3G or IC-MPGN

Validation by expert central review of histology slides*'®#'
n=77 (n=40 C3G, n=37 IC-MPGN)
Confirmation by histopathological record review
n=158 (n=70 C3G n=88 IC-MPGN)
Confirmation by clinical record review

n=136 (=93 C3G, n=43 IC-MPGN)

'

Insufficient data to confirm C3G or IC-
MPGN diagnosis

n=351

A4

C3GN

n=203

A

IC-MPGN

n=168

A 4

Time to Kidney Failure analysis Cohort n=371

.

!

C3GN

Data available for eGFR and
uPCR at diagnosis and 12
months

n=44

!

IC-MPGN

Data available for eGFR and
uPCR at diagnosis and 12
months

n=47

!

Proteinuria/eGFR slope analysis Cohort n=91

Primary MPGN “Not otherwise
specified”

n=351

*n=114 confirmed as C3G or IC-MPGN*', of
which n=80 paediatric patients included in
Wong et al study'® and n=77 met inclusion
criteria for this study
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Figure 2. Kaplan-Meier of time to kidney failure by disease subgroup (Panel A). Adjusted eGFR slope over full duration of follow-up
truncated at 5 years by disease subgroup* (Panel B)
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*Adjusted for baseline eGFR, sex and age






Figure 3: Forest plots of UPCR and eGFR changes within 2 years of diagnosis and
hazard ratio of kidney failure for C3GN and IC-MPGN
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*Adjusted for age, sex and eGFR at diagnosis
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Figure 4: Kaplan-Meier of time to kidney failure according to UPCR category at diagnosis (Panel
a) and 12 months (Panel b), for C3G and IC-MPGN
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