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Introduction: Complement 3 glomerulopathy (C3G) is a rare inflammatory kidney disease mediated by

dysregulation of the alternative complement pathway. No targeted therapy exists for this aggressive

glomerulonephritis. Efficacy, safety, tolerability, pharmacokinetics (PK), and pharmacodynamics (PD)

(measured by complement biomarkers) of iptacopan were assessed in patients with C3G.

Methods: In this phase 2, multicenter, open-label, single-arm, nonrandomized study, adults with biopsy-

proven, native kidney C3G (native cohort) and kidney transplant recipients with C3G recurrence (recur-

rent kidney transplant [KT] cohort) received iptacopan twice daily (bid) for 84 days (days 1–21: 10–100 mg;

days 22–84: 200 mg). The primary end point was the urine protein-to-creatinine ratio (UPCR; native cohort)

and the change in the C3 deposit score of kidney biopsy (recurrent KT cohort). The complement pathway

measures included Wieslab assay, soluble C5b9, and serum C3 levels.

Results: A total of 27 patients (16 native cohort and 11 recurrent KT cohort) were enrolled and all

completed the study. In the native cohort, UPCR levels decreased by 45% from baseline to week 12 (P ¼
0.0003). In the recurrent KT cohort, the median C3 deposit score decreased by 2.50 (scale: 0–12) on day 84

versus baseline (P ¼ 0.03). Serum C3 levels were normalized in most patients; complement hyperactivity

observed pretreatment was reduced. Severe adverse events (AEs) included post-biopsy hematuria and

hyperkalemia. No deaths occurred during the study.

Conclusion: Iptacopan resulted in statistically significant and clinically important reductions in UPCR and

normalization of serum C3 levels in the native cohort and reduced C3 deposit scores in the recurrent KT

cohort with favorable safety and tolerability. (ClinicalTrials.gov identifier: NCT03832114).
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C
3G, an ultra-rare complement-mediated kidney dis-
ease is associated with dysregulation of the comple-

ment alternative pathway (AP) in plasma and the
glomerular microenvironment, thereby resulting in
accumulation of C3 in the glomerulus.1–5 C3G is caused
by acquired and/or genetic abnormalities affecting the
complement pathway, such as nephritic factors, or
Kidney International Reports (2023) 8, 2754–2764
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genetic variants in key AP complement genes.1,6–9 C3G
has 2 major subgroups, classified by appearance on elec-
tron microscopy, dense deposit disease and C3 glomeru-
lonephritis, that have overlapping clinical and
pathological features.6,10 Patients with C3G present
with typical features of glomerulonephritis such as pro-
teinuria, hematuria, and hypertension.6,8 Clinical disease
is frequently accompanied by low serum C3 levels and/
or elevated sC5b9 levels, reflecting activation of the
complement cascade.4,6,7

Various registry data suggest an incidence of 1 to 2
cases of C3G per 1 million.11,12 About 30% to 40% of
C3G cases present during childhood11–14; 30% to 50%
of adult patients and approximately 70% of pediatric
patients with C3G progress to kidney failure within 10
years of diagnosis6,12,15,16; Disease recurrence after
kidney transplantation leads to allograft loss in
approximately 50% of patients within 10 years of
transplant.6,17,18

Currently, there is no approved targeted therapy for
C3G and the suggested management options (as recog-
nized by Kidney Disease: Improving Global Outcomes,
but not based on controlled studies)19 include the
following: (i) supportive care including antiproteinuric
therapy with an angiotensin-converting enzyme in-
hibitor or angiotensin II receptor blocker; (ii) immu-
nosuppression with corticosteroids, mycophenolate
mofetil/sodium (MMF/MPS), cyclophosphamide, rit-
uximab, or plasmapheresis; or (iii) terminal complement
pathway inhibition through the anti-C5 monoclonal
antibody eculizumab.6,8,19–23 The efficacy of these
measures is limited.19,23 There is a high unmet medical
need for new therapies to treat C3G. Inhibitors that
target the proximal aspect of the complement cascade
represent a promising approach.

Iptacopan (LNP023) is a proximal complement in-
hibitor that specifically binds factor B and inhibits the
AP. Inhibition of complement factor B prevents activ-
ity of AP-related C3 convertase and the subsequent
formation of C5 convertase. Although iptacopan in-
hibits amplification of the classical and lectin pathways
of complement activation, it leaves direct signaling
intact.24 By directly targeting the AP, the key pathway
involved in the pathogenesis of C3G, iptacopan may
prevent both C3 deposition and renal inflammation and
is expected to improve both kidney histology and
function and prevent further disease progression.24,25

The present study aimed to assess the clinical effi-
cacy, safety, tolerability, PK, and PD of iptacopan in
patients with native and recurrent C3G; and to evaluate
the effect of different doses of iptacopan on comple-
ment biomarkers, in order to inform dose selection for a
phase 3 study.
Kidney International Reports (2023) 8, 2754–2764
METHODS

Study Design and Conduct

In this phase 2, multicenter, nonconfirmatory, open-
label, single-arm, nonrandomized study (clinicaltrial.
gov identifier: NCT03832114), patients were recruited
into 2 cohorts and received an 84-day open-label course
of iptacopan (Supplementary File page 4 and
Supplementary Figure S1). The study was conducted in
compliance with the ethical principles of the Declara-
tion of Helsinki and the International Conference on
Harmonization Good Clinical Practice Guidelines.26

Written informed consent was obtained from each pa-
tient. The study protocol and all amendments were
reviewed and approved by the respective Independent
Ethics Committee or Institutional Review Board27 for
each center as per local regulations.

Study Population

Adult patients (18 years or older) with biopsy-proven
native C3G (native cohort) or recurrent C3G post kid-
ney transplant (recurrent KT cohort), with an estimated
glomerular filtration rate (eGFR)$30 ml/min per 1.73 m2

were recruited. Patients enrolled in the native cohort
were on maximally tolerated angiotensin-converting
enzyme inhibitor or angiotensin II receptor blocker
therapy and were allowed to receive stable doses of
MMF/MPS and/or prednisolone (or equivalent) up to 7.5
mg per day. Patients with reduced serum C3 levels at
screening (<0.90 � lower limit of laboratory normal
range) and with UPCR$100 g/mol in first morning void
urine, OR$1 g/24h total urinary protein excretion from
a 24-hour urine collection during the run-in period were
enrolled in the native cohort. Patients with recurrent KT
C3G could be enrolled after 90 days following trans-
plantation and were required to be on stable doses of
immunosuppression and with no evidence of allograft
rejection. Further details on patient eligibility criteria
are summarized in Supplementary File page 3 with a list
of prohibited medications in Supplementary Table S1.

Study End Points

The primary end point was comparison of baseline and
day 84 UPCR derived from 24-hour urine collection in
the native cohort and change from baseline to day 84 in
C3 deposit score based on immunofluorescence micro-
scopy of kidney biopsy tissue in the recurrent KT cohort
(details of scoring are described in the Supplementary
File page 4). Secondary end points were change and
evolution of urinary albumin-to-creatinine ratio (UACR,
24-hour urine), UPCR (24-hour urine; only for recurrent
KT cohort), eGFR (using Chronic Kidney Disease Epide-
miology Collaboration formula), serum creatinine, ipta-
copan plasma PK assessments, and safety and tolerability
2755
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outcomes. Biomarker measures included cleaved factor B
[Bb], C3, and sC5b9,Wieslab assay, urine sC5b9, and a set
of urinary kidney damage/inflammation biomarkers.
Further details on end points and assessments are pro-
vided in Supplementary File page 4.
Statistical Analysis

Sample size calculation was performed assuming that
15 patients in the native cohort and 12 in the recurrent
KT cohort would provide more than 90% power for
demonstration of true treatment reduction for the pri-
mary end point (log transformed UPCR of 40% [SD 0.6]
in the native cohort and reduction in C3 deposit score
of 2 [SD 2, using Wilcoxon matched-pairs signed-ranks
test] in the recurrent KT cohort) and statistical signif-
icance at a 1-sided 10% significance level accounting
for a drop-out rate of 20% in the native cohort and
17% in the recurrent KT cohort. Demographics, patient
baseline characteristics, biomarker data, and safety data
were summarized using descriptive statistics. The PD
analysis set included all subjects with available PD data
and no protocol deviations with relevant impact on PD
data. The changes from baseline in UPCR (native
cohort), as well as secondary end points related to
proteinuria and kidney function, were analyzed using
the mixed model repeated measures analysis of variance
model. Change in C3 deposit score by day 84 from
baseline in the recurrent KT cohort was analyzed using
the Wilcoxon signed rank test to compare the median
difference (80% confidence interval). The Hodges-
Lehmann estimate is provided. Further details of sta-
tistical methods used include handling of the missing
values/censoring/discontinuations are described in the
Supplementary File page 6.
RESULTS

Patient Disposition

A total of 27 patients (16 native cohort and 11 recurrent
KT cohort) were enrolled and treated and all patients
completed the study (patient disposition and analysis
sets are summarized in Supplementary Table S2).
Except for 1 patient from the recurrent KT cohort, all
patients who completed the study rolled over into a
long-term extension study (further details on trial
design are provided in Supplementary File page 4 and
Supplementary Figure S1).
Demographics and Baseline

Patient demographics and baseline disease characteris-
tics are presented in Table 1. The majority were male in
both cohorts with the average disease duration of >7.5
years in both cohorts.
2756
Efficacy
Primary End Point

In the native cohort, iptacopan 200 mg bid resulted
in a 45% reduction in proteinuria (24-hour UPCR)
from baseline (geometric mean [GM] ¼ 401.9 g/mol)
to day 84 (GM ¼ 220.1 g/mol), with an adjusted GM
ratio of 0.55 (80% confidence interval: 0.46, 0.65; 2-
sided P ¼ 0.0003) (Figure 1a). In the recurrent KT
cohort, the median C3 deposit score in kidney bi-
opsies decreased significantly from baseline (3.0) to
day 84 (0.5) with a median difference (80% confi-
dence interval) of �2.5 (�3.75, �0.75; P ¼ 0.03). In
Figure 1b, we show individual C3 deposit scores as
well as the median.

Secondary End Points

Total albuminuria (24-hour UACR) decreased by 45%
from baseline to day 84 with iptacopan treatment in the
native cohort (Supplementary Figure S2A). Proteinuria
(UPCR and UACR) levels in the recurrent KT cohort
were predominantly normal at baseline (UPCR [GM] ¼
23.9 g/mol; n ¼ 7 and UACR [GM] ¼ 5.7 g/mol; n ¼ 8)
with no significant reduction observed on day 84 (UPCR
[GM] ¼ 17.7 g/mol; n ¼ 4; 2-sided P ¼ 0.4766 and
UACR [GM] ¼ 4.8 g/mol; n ¼ 4; 2-sided P ¼ 0.3707,
respectively; Supplementary Figure S2A and B). Kidney
function assessed by eGFR values remained stable dur-
ing the study in both cohorts (baseline arithmetic
mean ¼ 70.1 and 52.6 ml/min per 1.73 m2 respectively;
day 84 [arithmetic mean] ¼ 72.7 and 50.6 ml/min per
1.73 m2 respectively; Supplementary Figure S3A). We
compared the eGFR measured during the study with
eGFR data that was collected from the study participants
over the 2 years prior to their entry into the study.
Based on the eGFR slope analysis, the mean pretreatment
eGFR slope in the native cohort was –16.13 ml/min per
1.73 m2 per year (nominal P ¼ 0.0008) and in the
recurrent KT cohort was –3.77 ml/min per 1.73 m2 per
year (nominal P ¼ 0.3342). Following treatment with
iptacopan for 12 weeks, the eGFR improved by 4.98 ml/
min per 1.73 m2 per 3 months in the native cohort
(nominal P¼ 0.0846; Supplementary Figure S3B) and by
1.80 ml/min per 1.73 m2 per 3 months in the recurrent
KT cohort (nominal P ¼ 0.4858; Supplementary
Figure S3c). The slope analysis showed that eGFR
remained stable during the iptacopan treatment.

PK Results

Iptacopan was rapidly absorbed after oral administra-
tion in both the cohorts with a median Tmax of 2 hours
postdose for all doses. In both cohorts, only 100 mg and
200 mg bid doses reached the target trough level
of $900 ng/ml at steady state that would be expected
to provide full target inhibition as per PK/PD modeling
predictions (Figure 2a and b, Supplementary Table S3).
Kidney International Reports (2023) 8, 2754–2764



Table 1. Demographics and baseline characteristics (Safety analysis set)

Characteristics, mean (SD)
Native cohort
N [ 16

Recurrent KT cohort
N [ 11

Age (yrs) 26.1 (10.57) 34.5 (18.32)

Male, n (%) 10 (63) 8 (73)

Race, n (%)

Caucasian 16 (100) 9 (82)

Othera – 2 (18)

Body mass index (kg/m2) 21.4 (2.72) 22.9 (4.02)

Disease duration (d), median (range)f 2183 (267–8988) 2596 (38–5796)

DDD, n (%) 2 (13) 3 (27)

C3GN, n (%) 14 (87) 8 (73)

24-hour UPCR (g/mol), Geo-mean (CV% Geo-Mean) 401.9 (53.64) 36.2 (310.78)

24-hour UACR (g/mol), Geo-mean (CV% Geo-Mean) 338.4 (50.50) 9.8 (1208.7)

24-hour Urine protein (mg/d), Geo-mean (CV% Geo-Mean) 4945.2 (54.27) 283.4 (378.15)

24-hour Urine albumin (mg/d), Geo-mean (CV% Geo-Mean) 4164.7 (52.39) 88.1 (1377.81)

Proportion of patients with nephrotic range proteinuriai, n (%) 11 (69) 2 (18)

Serum creatinine (mmol/l) 134.0 (60.64) 152.2 (40.52)

eGFR (ml/min per 1.73 m2) 70.1 (35.10) 52.2 (17.29)

C3 deposit scoreb; median (range) (n) – 3.0 (0.0–12.0) [10]

Plasma sC5b9 (ng/ml)
(reference range: 44.8–231)c

1306 (800.5) 318.6 (300.1)

Urine sC5b9 (pg/ml)
(reference range: 43.2–162)e

584,000 (1,030,000) 8122 (14200)

Serum Wieslab (%) 22.2 (18.09) 41.3 (24.32)

Serum C3 (g/l)
(normal range: 0.9–1.8)

0.3 (0.23) 0.6 (0.24)

Vaccination prior to iptacopan treatment, n (%)

Neisseria meningitidis 16 (100) 11 (100)

Streptococcus pneumoniae 16 (100) 11 (100)

Haemophilus influenzae 15 (94)g 9 (82)g

Previous therapies, n (%) 6 (37.5) 10 (90.9)

ACE inhibitors 12 (75.0) 4 (36.4)

ARB 4 (25.0) 2 (18.2)

MMF/MPS 6 (37.5) 9 (82)

Alemtuzumabd 0 1 (9.1)

Eculizumabd 0 1 (9.1)

Calcineurin inhibitorsh – 11 (100.0)

Concomitant therapy, n (%)

ACE inhibitors 12 (75) 4 (36.4)

ARB 4 (25.0) 2 (18.2)

MMF/MPS 5 (31.3) 9 (82.0)

Glucocorticoids 3 (18.8) 9 (82)

Calcineurin inhibitors 0 11 (100.0)

Azathioprine 0 2 (18.2)

Cyclophosphamide 0 1 (9.1)

ACE, angiotensin-converting enzyme; ARB; angiotensin II receptor blocker; BMI, body mass index; C3GN, complement 3 glomerulonephritis; DDD, dense deposit disease; eGFR,
estimated glomerular filtration rate; KT, kidney transplant; MMF/MPS, mycophenolate mofetil/sodium; N, total number of patients; n, number of patients; UACR, urinary albumin-to-
creatinine ratio; UPCR, urinary protein-to-creatinine ratio.
aOther includes 1 American Indian or Alaska Native and Black or African American.
bBaseline kidney biopsy was collected during the run-in period if the most recent biopsy was older than 3 months.
cBased on data obtained from first-in human trial of iptacopan (n ¼ 176).
dThere was a 90-day washout period before starting study treatment.
eBased on internal laboratory data (n ¼ 6).
fDuration of disease was calculated as the days between the onset of the disease until study day 1.
gThree patients did not receive a Hemophilus influenzae vaccination prior to LNP023 treatment; however, a prophylactic antibiotic treatment was in place.
hIncludes tacrolimus, ciclosporin.
iNephrotic proportion proteinuria is defined as UPCR $300 g/mol at baseline.
Data are presented as mean (SD) unless stated otherwise.
For all 24-hour urine collection parameters, baseline is defined to be the collection on day �1 to day 1. For serum creatinine and eGFR, baseline is defined to be the last available
assessment prior to the first dose of study drug.
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No relationship was observed between 24-hour UPCR
and PK parameters in the native cohort (Supplementary
Figure S4A–C).
Kidney International Reports (2023) 8, 2754–2764
PD Analysis: Biomarkers

Sustained normalization of serum C3 levels was seen in
most patients from both cohorts (Figure 3a). The serum
2757



Figure 1. Kidney function and C3 deposit score after iptacopan treatment in patients with native and recurrent KT C3G¶. (a) UPCR (adjusted GM
[80% CI] of log ratio to baseline) in patients with native C3G; (b) C3 total deposit score (individual plots; n ¼ 9) for patients with recurrent KT C3G.
†Baseline is defined to be the 24-hour urine collection on day �1 to day 1. ‡Patients with only baseline values; day 84 biopsy was either not
taken or was damaged. §For patient represented by the blue line, the C3G recurrence was confirmed by investigator based on a previous biopsy
as per inclusion criteria. ¶A patient with recreational drug overdose was excluded from analysis. C3G, complement 3 glomerulopathy; CI,
confidence interval; GM, geometric mean; KT, kidney transplant; UPCR, urine protein-to-creatinine ratio.
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Wieslab activity indicated dose-dependent inhibition
of AP activity with full inhibition (i.e., no quantifiable
AP activity) reached with 200 mg bid dosing
(Figure 3b). Iptacopan treatment reduced markedly
elevated sC5b9 levels in plasma (arithmetic mean,
baseline ¼ 1306 ng/ml; day 84 ¼ 398.8 ng/ml) and
urine (sC5b9: creatinine ratio; arithmetic mean,
baseline ¼ 61.7 pg/nmol; day 84 ¼ 6.5 pg/nmol) in
patients with native C3G in a dose-dependent manner
(Figure 3c and d). In patients with recurrent KT C3G,
plasma sC5b9 levels were comparable to healthy vol-
unteers at baseline and remained as such. sC5b9 levels
in urine were low (sC5b9: creatinine ratio) in patients
with recurrent KT C3G. Reductions in factor B break-
down (plasma Bb levels) were observed in both cohorts
(Figure 3e).

The markers of renal tubular dysfunction, kidney
injury and inflammation in urine, lipocalin-2, immu-
noglobulin G, and interleukin 18 were elevated in
native cohort patients compared with patients in the
recurrent KT cohort at the start of the study; a trend
for decrease in these parameters was observed in the
native cohort during the study (Supplementary
Figure S5). Furthermore, urine cystatin C, a marker
of renal tubular dysfunction, was elevated in the
native cohort compared to the recurrent KT cohort
2758
patients and showed marked reduction on day 84;
whereas most patients in the recurrent KT cohort had
lower levels of urine cystatin C as compared to the
native cohort that did not show relevant change on
day 84 (Supplementary Figure S5).

Safety

Iptacopan treatment was well-tolerated, with no unex-
pected or new safety findings. AEs were mostly mild,
except for 6 moderate AEs observed in 3 patients with
native cohort and 12 moderate AEs in 6 patients with
recurrent KT cohort (Table 2). There were no AEs
leading to study discontinuation. AEs by preferred term
with an incidence >2 are listed in Table 2. Infections
were observed in 5 patients in each cohort and there
were no episodes of encapsulated bacterial infection.
The native cohort had a severe AE in 1 patient (post-
biopsy hematuria in the run-in phase); and the recur-
rent KT cohort had 2 patients with severe AEs,
including hyperkalemia, and recreational drug over-
dose intoxication during the treatment period, and 1
subject had 2 postprocedural biopsy–related severe AEs
during the run-in phase (hematuria and wound infec-
tion at the biopsy site). One dose interruption due to a
SARS-CoV-2–related AE was also seen in the recurrent
KT cohort. No deaths occurred during the study.
Kidney International Reports (2023) 8, 2754–2764



Figure 2. Pharmacokinetic profile of iptacopan. Arithmetic mean þ SD PK plasma concentration over time (hour) for iptacopan doses in native
cohort (a) and in recurrent KT cohort (b). bid, twice daily; KT, Kidney transplant; PK, pharmacokinetic.
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DISCUSSION

This study has demonstrated the clinical efficacy,
safety, and tolerability of iptacopan, an oral comple-
ment factor B inhibitor in patients with both native and
recurrent KT C3G. Iptacopan showed a statistically
significant and clinically relevant reduction in UPCR
by 45% following 12 weeks of treatment in patients
with native kidney C3G. A statistically significant
reduction in C3 deposit score was observed in patients
with recurrent KT C3G. Iptacopan was well-tolerated in
patients with both native and recurrent KT C3G with
no new safety signals observed; overall safety profile
was consistent with previous data.28

Prior prospective investigations of the terminal
pathway complement inhibitor eculizumab in C3G
have shown a variable clinical response.20,29 Similarly,
a prospective study of the selective C5a receptor in-
hibitor, avacopan, currently published as abstract
only, reported a lower progression of C3G Histological
Index of disease chronicity score as compared to pla-
cebo,30 suggesting at least a partial beneficial effect of
avacopan.30
Kidney International Reports (2023) 8, 2754–2764
In contrast, a recent observational study suggests that
treatment with MMF and corticosteroids is associated
with higher rates of remission and lower rates of kidney
failure compared with other combinations of immuno-
suppressive therapies.31 In this study, treatment with
MMF and corticosteroids resulted in 36% of patients
developing complete remission (proteinuria<0.5 g/24h)
and 43% partial remission (>50% reduction in pro-
teinuria).31 However, the effect of this treatment
approach on complement activity was not assessed.

The approach of inhibition of AP in the current
study differs from previous studies because it targets
the main mechanism of disease in C3G, rather than
simply inhibiting the terminal complement pathway.
Of note, 6 of the 16 patients in the native C3G cohort
(and 9 of 11 in the recurrent KT cohort) had prior
treatment with MMF/MPS, highlighting the need for
more beneficial therapeutics. The potential benefits of
blockade of the proximal complement cascade are
supported by data from another clinical trial
[NCT03453619] describing a 50.9% reduction in pro-
teinuria (as measured by 24-h UPCR) in 7 patients with
native C3G receiving pegcetacoplan.32 Furthermore,
2759



Figure 3. Effect of iptacopan on biomarkers. Arithmetic mean � SE, serum C3 (a), serum Wieslab activity (b), plasma sC5b9 (c), creatinine
normalized urine sC5b9 (d), plasma Bb (e). Values below LLOQ are imputed as LLOQ/2 and values above ULOQ are imputed as ULOQ for the
analysis. Baseline visit is defined to be the baseline 1 visit assessment (day �30). *Baseline is defined as day 1 predose assessment. LLOQ,
lower limit of quantification; SE, standard error; ULOQ, upper limit of quantification.

CLINICAL RESEARCH E Wong et al.: Iptacopan in Patients With C3G
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Table 2. Safety results for native and recurrent KT cohort

Adverse event
Run-in
phase

Dose-escalation
phasea

Iptacopan
200 mg

bid Overall

Native cohort
N ¼ 16, n (%)

Patients with $1 AE 7 (43.8) 6 (37.5) 8 (50.0) 14 (87.5)

AEs of mild intensity 6 (37.5) 6 (37.5) 8 (50.0) 14 (87.5)

AEs of moderate intensity 2 (12.5) 1 (6.3) 1 (6.3) 3 (18.8)

AEs of severe intensity 1 (6.3) 0 0 1 (6.3)

SAEs 1 (6.3) 0 0 1 (6.3)

Study drug–related AEs 0 0 2 (12.5)b 2 (12.5)

PTc

Abdominal pain upper 0 1 (6.3) 1 (6.3) 2 (12.5)

Anemia 1 (6.3) 1 (6.3) 0 2 (12.5)

Blood creatine phosphokinase
increased

1 (6.3) 1 (6.3) 1 (6.3) 2 (12.5)

Nausea 2 (12.5) 0 0 2 (12.5)

Upper respiratory tract infection 2 (12.5) 0 0 2 (12.5)

Recurrent KT Cohort
N ¼ 11, n (%)

Patients with at least one AE 2 (18.2) 5 (45.5) 6 (54.5) 8 (72.7)

AEs of mild intensity 1 (9.1) 4 (36.4) 6 (54.5) 7 (63.6)

AEs of moderate intensity 2 (18.2) 1 (9.1) 4 (36.4) 6 (54.5)

AEs of severe intensity 1 (9.1) 0 0 1 (9.1)

SAEs 1 (9.1) 0 2 (18.2) 3 (27.3)

Study drug–related AEs 0 1 (9.1) 2 (18.2) 3 (27.3)d

AEs leading to study drug
interruption

0 0 1 (9.1) 1 (9.1)

PTc

Headache 0 2 (18.2) 0 2 (18.2)

Hyperkalemia 0 0 2 (18.2) 2 (18.2)

AE, adverse event; bid, twice a day; KT, kidney transplant; N, total number of patients;
PT, preferred term; SAE, serious AE.
aIptacopan 10 mg, 25 mg, and 100 mg bid.
b1 patient had mild skin discoloration and second had mild normochromic normocytic
anemia.
cPTs with incidence of >2 events in the overall column are reported in this table.
d1 patient had lipase increased, second had syncope and urinary tract infection, and
third had worsening of nausea.
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our study showed stabilization of eGFR during the
period of iptacopan treatment with both native and
recurrent KT cohorts compared to the 2 years prior to
enrolment into the study and suggests a short-term
benefit.

For the first time in published literature, AP inhi-
bition has been shown to lead to parallel changes in
biomarkers that are associated with complement dys-
regulation in patients with C3G. Patients with native
C3G receiving iptacopan doses of 100 mg and 200 mg
bid reached the target trough level of $900 ng/ml, a
level expected to provide full target inhibition as per
PK/PD modeling predictions. A sustained normaliza-
tion of serum C3 levels was shown in the majority of
patients with native C3G, with the reduction of sC5b9
levels (both plasma and urinary), plasma Bb levels,
and Wieslab activity, all consistent with inhibition of
the AP. This is the first study demonstrating a sta-
tistically significant reduction in C3 deposit scores
among patients with recurrent KT C3G following
Kidney International Reports (2023) 8, 2754–2764
kidney transplantation. These patients achieved
similar improvements in serum C3 levels as the native
cohort. Although the study does not have direct proof
in the native cohort, because repeat biopsies were not
part of the protocol in these patients, given the simi-
larities in improvement in complement biomarker
profile in the 2 cohorts, it is possible that a similar
reduction in kidney C3 deposition could be occurring
in patients with native C3G, which is consistent with
the observed reduction in urinary markers of inflam-
mation and the reduction in proteinuria. The low
serum and urine sC5b9 in the recurrent KT C3G cohort
detected at baseline and on treatment require further
investigation. It is noteworthy that the urine bio-
markers of glomerular inflammation were also low in
the recurrent KT C3G cohort possibly due to early
stage of the disease in this cohort (Supplementary
Figure S5). All patients (except for one) who
completed this study continued to receive iptacopan
upon entry into the open-label extension study
(NCT03955445) evaluating the longer-term efficacy
and safety of iptacopan in patients with C3.

This study has several limitations. Although
reduction in proteinuria was shown in native C3G,
the impact on long-term kidney outcome of this
finding is not certain. A recent study suggested that
a >50% reduction in proteinuria may be predictive
of a lower risk of kidney failure and provides evi-
dence that the proteinuria reduction in the native
cohort is likely to be beneficial.33 Evidence suggests
that this reduction in proteinuria may be directly
attributed to the effects of targeting the AP, the
underlying disease mechanism in C3G. The study
design limits the ability to directly correlate the
reduction in urine protein (native cohort) with
changes in glomerular histology (recurrent KT
cohort). Whether the parallel improvement in com-
plement biomarkers and kidney deposits in the
recurrent KT cohort suggests a similar change in
kidney injury in the native cohort remains specula-
tive. Regardless, when extrapolating the effects of
iptacopan to C3 deposit score from patients with
recurrent KT disease to native disease, the differ-
ences in baseline proteinuria and complement bio-
markers are likely to reflect differing level of disease
activity in the 2 cohorts at time of study. Finally,
inherent study design–related limitations likely exist
given that this was an open-label study. Having
demonstrated the ability to target the underlying
mechanism of disease in patients with C3G with
iptacopan 200 mg bid, it was possible to proceed to a
phase 3 study (ongoing, NCT04817618). This study is
designed to evaluate the clinical benefit of iptacopan
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in a double-blinded randomized placebo-controlled
trial in patients with native C3G.34

In summary, the present study demonstrates the
potential for iptacopan to prevent the progression of
kidney disease and transplant graft loss in a kidney
disease for which there are currently no approved
treatments. Iptacopan was well-tolerated and demon-
strated a dose-dependent, sustained inhibition of the
complement AP in both kidney disease cohorts. At 12
weeks, iptacopan treatment led to a statistically sig-
nificant reduction in urinary protein excretion (UPCR)
in patients with native C3G and a significantly reduced
histologic C3 deposit score in patients with recurrent
KT C3G.

It provides unprecedented evidence as follows: that
(i) factor B activity and complement AP activation
drive C3G markers of severity and pathogenesis and (ii)
therapeutic inhibition of specific complement proteins
can modify complement-dependent inflammation and
kidney impairment in complement-mediated kidney
diseases. Despite being a small phase 2 trial, this is a
landmark study that has provided insights that may
alter the research and management of glomerular
diseases.
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