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Safety and Efficacy of Avacopan in Patients with
Complement 3 Glomerulopathy
Randomized, Double-Blind Clinical Trial
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Key Points
c ACCOLADE was the first randomized trial in patients with complement 3 glomerulopathy investigating the use of ava-
copan, a complement component 5a receptor blocker.

c The trial did not meet its primary end point of change in disease activity index from baseline to 26 weeks.
c No new safety signals were reported; the results suggest a potential role of avacopan in milder forms of complement 3
glomerulopathy.

Abstract
Background Complement 3 (C3) glomerulopathy is a rare autoimmune disorder characterized by activation of the
alternative complement pathway with isolated or dominant complement 3 deposition in glomeruli. Patients with C3
glomerulopathy may develop progressive deterioration in kidney function and kidney failure.

Methods We studied the safety and efficacy of avacopan 30 mg twice daily in patients with C3 glomerulopathy (N557)
with elevated (.244 ng/ml) and normal (#244 ng/ml) levels of membrane attack complex or terminal complement
complex (C5b-9) in a randomized, double-blind, placebo-controlled, phase 2 trial, with kidney biopsies performed
prerandomization and at 26 and 52 weeks. The primary outcome was the percent change from baseline to week 26 in C3
Glomerulopathy Histological Index for disease activity.

Results The study was conducted in patients with C3 glomerulopathy, including C3 GN and dense deposit disease. The
median study duration was 60.0 weeks (interquartile range, 59.9–61.0). There were no significant differences in the
primary outcome between the avacopan and the placebo group—least squares mean treatment difference (95% confidence
interval)5 20.0 (21.9 to 1.8). The secondary measures of efficacy including C3 Glomerulopathy Histological Index for
disease chronicity, urine protein:creatinine ratio, and eGFR were not different between treatment groups. The overall
incidence and type of adverse events for both treatment groups were comparable. No deaths were reported during the
study, and no new safety signals were detected.

Conclusions The primary end point for the study was not met; other clinical effects of avacopan to improve certain key
kidney function parameters and slow disease progression were variable and require further evaluation.

Clinical Trial registry name and registration number: Controlled Trial Evaluating Avacopan in C3 Glomerulopathy
(ACCOLADE), NCT03301467.

JASN 36: 487–499, 2025. doi: https://doi.org/10.1681/ASN.0000000526

Introduction
Complement 3 (C3) glomerulopathy is a rare autoimmune
disease characterized by alternative complement pathway
activation leading to C3 deposition in the glomeruli.1,2

There are two forms of the disease: dense deposit disease

(DDD) and C3 GN. Clinical and laboratory findings are
insufficient for diagnosis. C3 glomerulopathy is diagnosed
by biopsy and requires isolated or dominant glomerular C3
deposition by immunofluorescence. Electron microscopy is
needed to differentiate the two forms, DDD and C3 GN.3–5
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Patients with C3 glomerulopathy generally experience
progressive deterioration in kidney function, ultimately
leading to kidney failure. The mechanism by which com-
plement deposition leads to kidney damage likely involves
chemotaxis of leukocytes resulting from cleavage of C5 to
generate complement component 5a fragment (C5a), as
well as the cytolytic effects of membrane attack complex
or terminal complement complex (C5b-9).3

There is no approved treatment for patients with C3
glomerulopathy. Immunosuppressive drugs such as cy-
clophosphamide, mycophenolate mofetil, and glucocorti-
coids, and biologics, such as rituximab, have been used
with variable success. The anti-C5 antibody eculizumab
previously demonstrated evidence of clinical improve-
ment among some but not all treated patients with C3
glomerulopathy.6,7 Eculizumab blocks the formation of
C5a and C5b-9 from C5. Evidence from animal models
suggests that inhibition of C5a may be more important
than inhibition of C5b-9 in C3 glomerulopathy because
deletion of complement 6, which is part of the C5b-9
complex, in complement factor H knockout mice failed
to protect the mice from developing significant C3 glo-
merulopathy.8 This supports testing drugs that target the
C5a receptor (C5aR), such as avacopan.

Avacopan is an orally administered, selective C5aR
antagonist that has received regulatory approval in many
countries, including the United States, for use in certain
patients with granulomatosis with polyangiitis (GPA)
and microscopic polyangiitis (MPA).9–11

On the basis of evidence in GPA/MPA and supportive
data for C5aR inhibition as a possible therapeutic target in
C3 glomerulopathy, we conducted the largest randomized,
double-blind, placebo-controlled study to date in C3 glo-
merulopathy to evaluate the efficacy, safety, and tolerabil-
ity of avacopan.

Methods
Study Conduct
A total of 46 sites across the United States, Canada, and
Europe (Supplemental Listing 1) conducted this study in
full compliance with the principles of the Declaration of
Helsinki, International Council of Harmonisation

guidelines, and the laws and regulations of the country
in which the research was conducted. The study protocol
was approved by and followed the requirements set by the
designated Institutional Review Board.

Trial Design and Patients
We performed a randomized, double-blind, placebo-
controlled, phase 2 clinical study (ClinicalTrials.gov num-
ber NCT03301467) designed to evaluate the efficacy, safety,
and tolerability of avacopan in patients aged 12–80 years
with C3 glomerulopathy, including C3 GN and DDD.
Patients were screened for enrollment on the basis of
biopsy-proven C3 glomerulopathy (i.e., $2 levels of mag-
nitude greater staining of C3 than any combination of IgG,
IgM, IgA, kappa and lambda light chains, and C1q) with
evidence of proliferative GN (mesangial hypercellularity
and/or endocapillary hypercellularity). The screening pe-
riod was up to 42 days (6 weeks). The schematic of the
study design is presented in Figure 1.

Eligible patients were adults at least aged 18 years,
and where approved, adolescents (12–17 years of age),
with biopsy-proven C3 glomerulopathy, including DDD
and C3 GN, with or without a kidney transplant,
providing written informed consent. Exclusion criteria
included women who were pregnant or nursing, tubu-
lointerstitial fibrosis that was more than 50%, use
of eculizumab or another anti-C5 antibody within
26 weeks before dosing, and secondary C3 glomerulop-
athy disease (e.g., detectable monoclonal gammopathy).
The complete list of inclusion and exclusion criteria is
provided in Supplemental Section 1. Information regard-
ing prior and concomitant treatments, including use of
immunosuppressant medications, is presented in
Supplemental Section 2.

Initially, the study was open only to patients with
elevated C5b-9 levels (i.e., .244 ng/ml), and planned
enrollment was 44 patients. Eligible patients with
biopsy-proven C3 glomerulopathy (biopsy occurred within
12 weeks before signing informed consent or was to occur
after consent during the screening period) were random-
ized 1:1 (22 patients in each arm) using a minimization
algorithm to receive either avacopan or placebo twice daily
(BID) in a double-blind manner starting on day 1 and

Baseline &
Randomization
Assess patient
C5b-9 levels

Screening
(Biopsy-

proven C3G)

Stratum 1
C5b-9

> 244 ng/mL

Avacopan, 30 mg BID

Avacopan, 30 mg BID

Kidney Biopsy Assessments (weeks)

Avacopan, 30 mg BID

Placebo BID

Placebo BID

0 26 52

Avacopan, 30 mg BID

Stratum 2
C5b-9

� 244 ng/mL

Figure 1. Schema of study design. BID, twice daily; C3G, complement 3 glomerulopathy; C5b-9, membrane attack complex or terminal
complement complex.
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continuing for 26 weeks (182 days). The randomization was
stratified by C3 glomerulopathy type (C3 GN, DDD) and
kidney transplant history. Owing to the high unmet med-
ical need to treat patients with C3 glomerulopathy and the
potential to study a subpopulation relevant to clinical
practice, the study was amended to also enroll patients
with normal C5b-9 concentrations (i.e., #244 ng/ml), and
planned enrollment was doubled to allow up to 88 patients
(44 patients per C5b-9 strata). However, enrollment in the
stratum with normal C5b-9 concentrations could be termi-
nated early if patient enrollment in the elevated stratum
reached target enrollment. During this period, eligible pa-
tients were stratified by C5b-9 concentration in addition to
the above stratification plan.

The first eligible patient was enrolled in December 2017,
and the last patient was enrolled by the end of August
2020. The 24th patient was enrolled in the normal
(#244 ng/ml C5b-9) stratum after the protocol was amen-
ded to include the normal C5b-9 stratum. The last patient’s
last visit was in October 2021. The 26-week double-blind
placebo-controlled treatment period was followed by a
26-week open-label period during which all patients
who had not withdrawn from investigational product re-
ceived avacopan 30 mg BID. After the open-label period, all
patients were followed for an additional 8 weeks (56 days)
without study drug treatment. Target enrollment was
reached in the elevated C5b-9 strata, and the study was
completed after the last participant completed follow-up.

Follow-up kidney biopsies were performed at the fol-
lowing time points: (1) within 2 weeks of the week 26 visit,
before dosing with open-label treatment and (2) if a patient
was withdrawn early from the study, or (3) after the 52-
week open-label period. The 52-week biopsy was optional
for adolescent patients.

Investigational Drug Treatment
Adult patients randomized to the avacopan group received
a 30 mg oral dose (3310 mg capsules) BID. For adolescent
patients (12–17 years), the BID dose of avacopan or placebo
was based on body weight and area under the plasma
concentration-time curve for 0–6 hours after dosing (AUC
0–6hr) or avacopan trough concentrations. Adolescent pa-
tients were enrolled only in countries and at study centers
for which respective approval by Regulatory Authorities
and Institutional Review Board/Ethics Committees was
granted. Patients randomized to the placebo group re-
ceived an equal number of matching-placebo capsules.

Study End Points
Kidney biopsies were evaluated by a single central histo-
pathologist (L.C. Herlitz) blinded to treatment assignment.
At the beginning of the study, the central histopathologist
was also blinded to the study timepoint. To minimize
intraparticipant variability, the central histopathologist
was unblinded to study timepoint and performed sequen-
tial readings of each patient’s biopsies, as reflected in the
primary and other analyses.

The primary end point was based on kidney histological
evaluation using the C3 Glomerulopathy Histological Index
and defined as the percent change from baseline to week 26
in the disease activity.1 The disease activity used a score

from 0 to 21 and was calculated by summing the scores
from seven defined lesions. Because the test for normal-
ity failed at a level of 0.10 for percent change from baseline
(P , 0.0001) but not for change from baseline (P 5 0.1051),
change from baseline was used as the primary end point.

Secondary efficacy end points were the percent change
from baseline in urine protein:creatinine ratio (UPCR) and
eGFR over the placebo-controlled 26-week treatment
period.12,13 Other secondary end points were the percent
change from baseline in disease chronicity1 (using a score
of 0–10 calculated by summing the scores of four de-
fined chronic kidney injuries) over the placebo-controlled
26-week treatment period; the proportion of patients
who had a histologic response, defined as a decrease (im-
provement) in the disease activity of at least 35% from
baseline to week 26; and changes in urine monocyte che-
moattractant protein-1 (MCP1):creatinine ratio.

Secondary safety end points were the incidence of seri-
ous adverse events (SAEs), adverse events (AEs), and with-
drawals from investigational product due to AEs—change
from baseline and shifts from baseline in all safety labora-
tory parameters and change from baseline in vital signs.

Statistical Analysis
A sample size of 22 patients per treatment group in each
C5b-9 level strata will provide 90% power of testing the
avacopan group and the placebo group with two-sided
a50.05 assuming the between-treatment difference of
235% in the disease activity at week 26, SD 34%.

The intent-to-treat (ITT) population included all ran-
domized patients who received at least one dose of the
investigational product and had a non-zero histologic ac-
tivity score at baseline. The safety population for each
study period included all randomized patients who re-
ceived at least one dose of the investigational product
during that period. All safety data were analyzed according
to the actual treatment received.

The primary analysis was conducted when the last
participant enrolled in the C5b-9 elevated stratum had
completed their week 26 visit. The primary efficacy analysis
included participants in the elevated C5b-9 stratum who
had reached week 26 or discontinued. To control for the
type 1 error rate in the efficacy analysis, a gate-keeping
procedure was applied, whereby the secondary end points
were only tested if the primary efficacy end point (percent
change or change in disease activity, as applicable) reached
statistical significance (See Supplemental Section 3).

The methods used in the primary end point analysis
were analysis of covariance with treatment group as factor
and baseline disease activity as a covariate were used to
estimate least squares (LS) mean and 95% confidence in-
terval (CI). Missing data were handled using multiple
imputation method assuming the Missing at Random. Ad-
ditional statistical analysis methods for secondary end
points are provided in Supplemental Section 3.

A secondary analysis was conducted when all partici-
pants had completed the study and included both strata
combined (elevated and normal C5b-9 levels).

All clinical safety and tolerability data were listed by
treatment group, by patient, and were summarized by
treatment group. All reported AEs were coded using the
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Medical Dictionary for Regulatory Activities, version 20.1.
Shift tables were generated and evaluated for shifts in
laboratory parameters by study visit.

Results
Patient Enrollment and Disposition
Overall, 104 patients were screened for the study; most
screen failures were due to not meeting entry criteria,
withdrawal by patient, or related to coronavirus disease
2019. A total of 57 patients (28 avacopan, 29 placebo) were
enrolled and randomized into the study. Twenty-six (93%)
patients who received avacopan and 28 (97%) patients who
received placebo completed the double-blind treatment
period. Two patients in the elevated C5b-9 stratum were
ongoing in the double-blind treatment period at the time of
the primary analysis and are not included in the primary
analyses of efficacy. Three patients (two avacopan, one
placebo) discontinued the investigational product and
the study during the double-blind period; the reasons for
withdrawal were sponsor decision and other (one avaco-
pan patient each) and AE (one placebo patient). The re-
maining 54 (95%) patients (26 avacopan, 28 placebo)
entered the open-label avacopan treatment period. Forty-
nine (86%) patients completed the avacopan and follow-up

treatment period; 47 (83%) patients completed avacopan
treatment. A summary of patient disposition is presented
in Figure 2.

The ITT analysis set included 56 (98%) of the 57 patients
who were randomized; one patient randomized to the
avacopan group had a histologic activity score of 0 at
baseline. Two of the 56 patients were adolescents, and
both received placebo in the double-blind phase of the
study. The demographics and baseline characteristics of
patients are presented in Table 1. Study participants were
mostly White (86%) and male (61%), with an average age of
the overall group at 34 years.

Primary Efficacy End Point
Disease Activity
The primary analysis of the primary efficacy end point of
change from baseline to week 26 in disease activity in the
elevated C5b-9 strata of the ITT population was not
statistically significant. There was no significant differ-
ence in the LS mean difference in change from baseline
(95% CI) between the avacopan group and the placebo
group (20.0 [21.9 to 1.8]) (Table 2). Secondary end points
were not tested since the primary end point did not meet
statistical significance. The primary efficacy analysis was
subsequently rerun using complete data, including the

Patients screened
n=104

Patients randomized
n=57

Placebo
n=29

Withdrew during
double-blind period;
Adverse event, n=1

Withdrew during
open-label avacopan period;
Adverse event, n=1
Other, n=2

Withdrew during
double-blind period;
Sponsor decision, n=1
Other, n=1

Withdrew during
open-label avacopan period;
Adverse event, n=2
Lost to follow up, n=1
Withdrawal by participant, n=1

Completed
double-blind period

n=28

Completed
double-blind period

n=26

Completed open-label
avacopan period

n=25

Completed open-label
avacopan period

n=22

Avacopan
n=28

Did not meet entry criteria, n=28
Other, n=13
Patient withdrew, n=3
Related to COVID-19, n=3

Figure 2. Study patient disposition. COVID-19, coronavirus disease 2019.
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two patients whose week 26 visit had not been completed
at the time of the primary analysis; the result was very
similar (20.0 [21.8 to 1.8]).

A secondary analysis of the primary end point in the
combined C5b-9 strata similarly showed no difference
(0.1 [21.4 to 1.7]) (Table 2). No differences between treat-
ment groups in the change or percent change in disease
activity were observed from week 26 to week 52 during
the open-label period in the elevated or combined C5b-9
strata of the ITT population (Figure 3). In the elevated
strata assigned to placebo, the mean percent change (SEM)
in disease activity between baseline and week 26 was
219.5% (6.3), and between week 26 and week 52, the
percent change (SEM) in the prior placebo group was
12.4% (12.8).

Secondary Efficacy End Points
Disease Chronicity
For the primary analysis of disease chronicity in the
elevated C5b-9 strata, there was no difference in the
change from baseline to week 26 between the avacopan

and placebo treatment groups—treatment difference
(95% CI)5 20.5 (21.5 to 0.5) (Figure 4 and Table 2).

In a secondary analysis of this end point in the com-
bined C5b-9 strata participants assigned to avacopan, the
change (95% CI) from baseline to week 26 was 20.6 (21.5
to 0.2). In a subgroup analysis, estimates of change from
baseline to week 26 in disease chronicity demonstrated
greater increases (deterioration) in the placebo group com-
pared with the avacopan group for those without a kidney
transplant (treatment difference [95% CI] of 20.9 [21.7
to 20.1]). No difference between treatment groups in the
change or percent change in disease chronicity was ob-
served from week 26 to week 52 during the avacopan
treatment period in the elevated or combined C5b-9 strata
(Figure 4). Analyses comparing disease chronicity during
weeks 26 and 52 with values from baseline to week 26
within each treatment group demonstrated improvements
(decreases) in the placebo group after 26 weeks of treatment
with avacopan during the open-label period of the study.
Differences in percent change (95% CI) and change (95%
CI) between treatment periods of 247.5% (285.2 to 29.7)

Table 1. Demographics and baseline characteristics of study population enrolled in ACCOLADE clinical trial

Characteristic Category

Elevated
(.244 ng/ml) C5b-9

Normal
(#244 ng/ml) C5b-9

Combined
Population

Placebo
(N522)

Avacopan
(N520)

Placebo
(N57)

Avacopan
(N57)

Placebo
(N529)

Avacopan
(N527)

Age at screening, yr
Mean (SD) 34 (17) 31 (15) 48 (17) 33 (16) 37 (18) 32 (15)

Sex, n (%)
Female 11 (50) 6 (30) 2 (29) 3 (43) 13 (45) 9 (33)
Male 11 (50) 14 (70) 5 (71) 4 (57) 16 (55) 18 (67)

Race, n (%)
Asian 3 (14) 2 (10) 0 (0) 0 (0) 3 (10) 2 (7)
Black/African American 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 1 (4)
Other 1 (5) 1 (5) 0 (0) 0 (0) 1 (3) 1 (4)
White 18 (82) 16 (80) 7 (100) 7 (100) 25 (86) 23 (85)

Ethnicity, n (%)
Hispanic/Latino 4 (18) 2 (10) 0 (0) 0 (0) 4 (14) 2 (7)
Not Hispanic/Latino 18 (82) 18 (90) 7 (100) 7 (100) 25 (86) 25 (93)

Disease type, n (%)
C3 GN 20 (91) 19 (95) 5 (71) 4 (57) 25 (86) 23 (85)
DDD 2 (9) 0 (0) 2 (29) 3 (43) 4 (14) 3 (11)
Missing 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 1 (4)

History of kidney transplant, n (%)
Yes 1 (5) 1 (5) 1 (14) 0 (0) 2 (7) 1 (4)
No 21 (96) 18 (90) 6 (86) 7 (100) 27 (93) 25 (93)
Missing 0 (0) 1 (5) NA NA 0 (0) 1 (4)

Duration of C3 glomerulopathy, mo
Mean (SD) 50 (44) 50 (50) 36 (44) 51 (37) 47 (44) 50 (46)

eGFR, ml/min per 1.73 m2

Mean (SD) 85 (43) 77 (43) 34 (16) 84 (34) 72 (44) 78 (40)
UPCR, g/g
Mean (SD) 3 (3) 5 (4) 2 (1) 2 (2) 3 (2) 4 (3)
.1 g/g, n (%) 16 (73) 17 (85) 5 (71) 4 (57) 21 (72) 21 (78)
#1 g/g, n (%) 6 (27) 3 (15) 2 (29) 3 (43) 8 (28) 6 (22)

Urine MCP1:creatinine ratio, pg/mg
Mean (SD) 751 (519) 1430 (1470) 748 (439) 727 (620) 750 (492.5) 1241 (1323)

Body mass index, kg/m2

Mean (SD) 24 (4) 25 (5) 26 (2) 30 (8) 25 (3) 26 (6)

ACCOLADE, Controlled Trial Evaluating Avacopan in C3 Glomerulopathy; C3, complement 3; C5b-9, membrane attack
complex or terminal complement complex; DDD, dense deposit disease; MCP1, monocyte chemoattractant protein-1; NA, not
applicable; UPCR, urine protein:creatinine ratio.
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Table 2. Primary and secondary end points in intent-to-treat population (baseline to week 26)

Study End Point

Elevated (C5b-9 .244 ng/ml)
Population (Primary Analysis)

Combined (Elevated and Normal C5b-9)
Population (Secondary Analysis)

Avacopan
(n519)

Placebo
(n521)

Treatment
Difference
(95% CI)

Avacopan
(n527) Placebo (n529)

Treatment
Difference
(95% CI)

Primary end point—C3 Glomerulopathy Histological Index for disease activity
LS mean change from baseline (95% CI) 21.0 (22.3 to 0.4) 20.9 (22.2 to 0.4) 20.0 (21.9 to 1.8) 21.1 (22.1 to 0.0) 21.0 (22.1 to 0.2) 0.1 (21.4 to 1.7)

Secondary end points
C3 Glomerulopathy Histological Index 1

for disease chronicity
LS mean change from baseline (95% CI) 1.1 (0.3 to 1.8) 1.5 (0.9 to 2.2) 20.5 (21.5 to 0.5) 0.8 (0.2 to 1.4) 1.5 (0.9 to 2.0) 20.6 (1.5 to 0.2)

UPCR, g/g
LS mean ratio compared with baseline (95% CI) 0.84 (0.64 to 1.12) 0.86 (0.66 to 1.12) 0.98 (0.67 to 1.45) 0.73 (0.58 to 0.92) 0.90 (0.72 to 1.13) 0.81 (0.58 to 1.12)
LS mean percent change from baseline (95% CI)a 216 (236 to 12) 214 (234 to 12) 227 (242 to 28) 210 (228 to 13)

eGFR, ml/min per 1.73 m2

LS mean change from baseline (95% CI) 0.4 (24.7 to 5.6) 23.6 (28.4 to 1.3) 4.0 (23.1 to 11.1) 20.6 (24.6 to 3.5) 23.0 (27.0 to 0.9) 2.5 (23.2 to 8.1)
LS mean percent change from baseline (95% CI) 6.1 (21.9 to 14.1) 24.7 (212.3 to 2.8) 10.8 (20.2 to 21.9) 3.9 (22.3 to 10.1) 26.6 (212.5 to 20.6) 10.4 (1.8 to 19.0)

C3, complement 3; C5b-9, membrane attack complex or terminal complement complex; CI, confidence interval; LS, least squares; MMRM, mixed effects model for repeated
measures; UPCR, urine protein:creatinine ratio.
aThe primary analysis of percent change from baseline in UPCR was carried out in participants in the intent-to-treat population with elevated membrane attack complex or
terminal complement complex at baseline whose UPCR was abnormal ($0.15 g/g) at baseline using a MMRM analysis to calculate the difference between the avacopan and
placebo groups at week 26.
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and 21.5 (22.6 to 20.4), respectively, in the elevated C5b-9
strata and 238.2% (266.7 to 29.7) and 21.3 (22.2 to 20.4),
respectively, in the combined C5b-9 strata. No differences
between treatment periods were observed for the avaco-
pan group.

UPCR
The primary analysis of percent change from baseline in
UPCR was performed in patients in the ITT population
with elevated C5b-9 at baseline whose UPCR was abnor-
mal ($0.15 g/g) at baseline. There was no difference be-
tween treatment groups in the percent change from
baseline to week 26 for UPCR in the elevated C5b-9 strata;
LS mean (95% CI) percent change from baseline at week 26
was 216 (236 to 12) in the avacopan group and 214 (234
to 12) in the placebo group (Table 2).

The secondary analysis of this end point in the com-
bined C5b-9 strata of the ITT population also showed

a larger decrease (improvement) in the percent change
(95% CI) from baseline to week 26 in UPCR in the avacopan
group (227% [242 to 28]) than in the placebo (210% [228
to 13]) group (Figure 5 and Table 2). In post hoc exploratory
analysis, greater LS mean (95% CI) decreases (improvement)
in UPCR from baseline to week 26 were observed in the
patients in the combined C5b-9 strata with UPCR .1 g/g
and eGFR ,60 ml/min per 1.73 m2 (243% [259 to 222] in
the avacopan compared with 27% [231 to 25] in the
placebo group). No differences in UPCR between treatment
groups were observed from week 26 to week 52 during the
open-label period in the elevated or combined C5b-9 strata.

eGFR
The primary analysis of percent change in eGFR from
baseline to week 26 in the elevated C5b-9 strata demon-
strated no statistically significant difference in the change in
eGFR (LS mean percent change [95% CI] of 6.1% [21.9 to

Avacopan

0 26

Visit (weeks)

double-blind open-label

52

0 26 52

Placebo

0 26

Visit (weeks)

double-blind open-label

52

0 26 52

0

C
3G

 H
is

to
lo

gi
ca

l I
nd

ex
D

is
ea

se
 A

ct
iv

ity

2

4

6

8

10

12

14

16

A

0

C
3G

 H
is

to
lo

gi
ca

l I
nd

ex
D

is
ea

se
 A

ct
iv

ity

2

4

6

8

10

12

14

16

B

Figure 3. Individual C3 Glomerulopathy Histological Index of disease activity during double-blind and open-label periods. (A) Avacopan
and (B) placebo groups. Patients in the placebo arm received avacopan from week 26 to week 52.
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14.1]) compared with in the placebo group (24.7% [212.3
to 2.8]). The corresponding LS mean change (95% CI) in
eGFR from baseline to week 26 was 0.4 ml/min per 1.73 m2

(24.7 to 5.6) (avacopan group) and 23.6 ml/min per
1.73 m2 (28.4 to 1.3) (placebo group) (Table 2). In the
subgroup of patients with eGFR ,60 ml/min per
1.73 m2 in the elevated C5b-9 stratum at baseline, the
results were generally consistent with the primary analysis
of this end point except for the change from baseline at
week 26 (treatment difference of 8.0 ml/min per 1.73 m2)
was greater.

A secondary analysis of this end point in the combined
C5b-9 strata showed that in participants treated with ava-
copan, the change in eGFR from baseline to week 26 was
3.9% (22.3 to 10.1) (LS mean percent change [95% CI])
compared with a decrease of 6.6% (212.5 to 20.6) in the
placebo group (Figure 6 and Table 2). There was no dif-
ference between treatment groups in the LS mean change
from baseline to week 26. In a subgroup analysis, the
treatment effect of avacopan on eGFR between baseline
and week 26 in the combined C5b-9 strata in patients with
eGFR ,60 ml/min per 1.73 m2 was greater compared with
placebo (treatment differences [95% CI] of 6.6 ml/min per
1.73 m2 [1.2 to 12.1] and 20.7% [5.8 to 35.5]). During the
open-label avacopan treatment period in the elevated C5b-9
strata, there were no differences between treatment groups
during the avacopan treatment period in the percent
change and change in eGFR from week 26 to week 52.

Histological Response
Analyses of the proportion of patients with a histological
response, based on a decrease (improvement) in disease
activity of at least 35%, showed no differences between the
avacopan and placebo groups in either the elevated C5b-9
strata or the combined C5b-9 strata (Table 3). In the ele-
vated C5b-9 strata, two (11%) patients in the avacopan
group and four (20%) patients in the placebo group were
responders. In the combined C5b-9 strata, four (15%)

patients in the avacopan group and seven (26%) patients
in the placebo group met criteria for responders.

Additional Efficacy End Point
Changes in urine MCP1:creatinine ratio during the double-
blind treatment period in this population were generally
characterized by decreases from baseline in the avacopan
group and stable values or increases from baseline in the
placebo group (Supplemental Figure 1). During the open-
label avacopan treatment period, the percent change from
week 26 in urine MCP1:creatinine ratio was not different
between treatment groups.

Safety
The mean (SD) duration of exposure to the investigational
product (avacopan or placebo) was 46.5 (14.6) weeks in the
avacopan group and 50.6 (9.3) weeks in the placebo group.

Overall Summary of AEs in the Double-Blind Treatment
Period
The overall patient incidence of AEs was comparable in the
avacopan (93%) and placebo (86%) groups. Most AEs re-
ported in both groups were mild or moderate in severity.
The most frequently reported AEs in the double-blind
treatment period were diarrhea, headache, peripheral
edema, and vomiting (Table 4). SAEs were reported during
the double-blind treatment period in three patients each in
the avacopan (11%) and placebo (10%) groups (Table 5).
SAEs assessed by the investigator as possibly related to
investigational product were reported in two patients each
in the avacopan (7%) and placebo (7%) groups. All SAEs
were single occurrences in each group, and all except two
(Sjogren’s syndrome and AKI) resolved during the study.
No patient died during the double-blind treatment period.

The patient incidence of AE leading to discontinua-
tion of investigational product in the double-blind
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Figure 5. LS mean percent change from baseline (95% CI) in UPCR (g/g) in combined population. CI, confidence interval; LS, least
squares; UPCR, urine protein:creatinine ratio.
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treatment period was comparable between treatment
groups (one patient in each group). In both cases, the
AEs were nonserious.

Reports of AEs and SAEs during the open-label treat-
ment period were comparable with those observed during
the double-blind phase (Supplemental Section 4 and
Supplemental Tables 1 and 2).

No new safety risks with avacopan were identified
from evaluating events of interest. The patient incidence
of AEs of interest, including infections, liver and muscle
events, hypersensitivity events, and events of decreased
white blood cells, were overall similar between the ava-
copan and placebo groups during both study treat-
ment periods.

No notable differences between treatment groups
were observed in chemistry, hematology, and urinaly-
sis laboratory parameters, vital signs, weight, body

mass index, and electrocardiogram findings during
the study.

Discussion
ACCOLADE, a double-blind, placebo-controlled, phase
2 study designed to evaluate the efficacy and safety of
avacopan 30 mg BID in patients with C3 glomerulop-
athy, was the largest randomized clinical trial of com-
plement inhibition in this patient population. The
primary efficacy end point in this study was kidney
histological assessment using a novel disease activity
score determined by summing the scores of seven de-
fined components that affect kidney function (e.g., me-
sangial hypercellularity, endocapillary proliferation,
leukocyte infiltration).1 The primary end point was not
met in this study because the percent change from
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baseline at week 26 in disease activity was not different
between avacopan and placebo groups in the elevated
C5b-9 strata, as well as the combined ITT groups. During
the double-blind period, change from baseline at week
26 between treatment groups was also similar in the
elevated or combined strata for secondary measures of
efficacy, including UPCR, eGFR, disease chronicity (i.e.,

measure of kidney damage), histological response, and
urine MCP1:creatinine ratio.

Despite the robustness of disease activity in determin-
ing ongoing glomerular injury, it is a snapshot of kidney
function at week 26. The disease chronicity is an equally
meaningful measure because it evaluates accumulated
kidney damage over the course of disease. In this study,
the changes from baseline at week 26 for disease chronic-
ity were no different between the placebo and the avaco-
pan group. During the open-label avacopan treatment
period, the change from week 26 to week 52 in disease
chronicity was different from the change from baseline at
week 26 for the combined group. This finding may in-
dicate that patients who continued to receive avacopan up
to week 52, as well as those randomized to placebo and
then switched to avacopan at week 26, experienced less
kidney damage accumulation over time. The implications
of this finding are uncertain and should be further ex-
plored in future studies. However, there may be a role
of C5aR blockade in slowing progression of C3 glomer-
ulopathy, particularly in patients who have already ac-
crued some degree of chronic injury.

Traditional clinical parameters may not fully capture the
progression of C3 glomerulopathy, which is why this study
based its primary outcome on histology; however, these
data provide important information about the extent of
kidney function changes. In this study, the changes from
baseline at week 26 for both UPCR and eGFR end points
were slightly improved in the avacopan group compared
with placebo in the combined group. These improvements
in UPCR appeared larger in the exploratory post hoc anal-
yses in subgroup of patients with UPCR .1 g/g and
eGFR ,60 ml/min per 1.73 m2. Similarly, larger improve-
ments in eGFR from baseline to week 26 were shown in the
avacopan group compared with the placebo group in the
exploratory post hoc analyses in subgroup of patients with
eGFR ,60 ml/min per 1.73 m2.

Table 3. Histologic response in the intent-to-treat population
(baseline to week 26)

Response Status Placebo Avacopan

Elevated C5b-9 stratum
(primary analysis)
N 20 18
Responder, n (%) 4 (20) 2 (11)
Nonresponder, n (%) 16 (80) 16 (89)
Absolute response rate difference 28.9%
Relative response rate 0.56

Combined C5b-9 stratum
(secondary analysis)
N 27 26
Responder, n (%) 7 (26) 4 (15)
Nonresponder, n (%) 20 (74) 22 (85)
Absolute response rate difference 210.5%
Relative response rate 0.59

Histological response is defined as a decrease (improvement)
in the C3 Glomerulopathy Histological Index for disease
activity of at least 35% from baseline to week 26. C5b-9,
membrane attack complex or terminal complement complex.

Table 4. Adverse events ‡10% in either treatment group
during double-blind treatment period

Preferred Term Placebo
(N529), n (%)

Avacopan
(N528), n (%)

Any AE 25 (86) 26 (93)
Edema peripheral 1 (3) 5 (18)
Headache 2 (7) 5 (18)
Vomiting 2 (7) 4 (14)
Diarrhea 4 (14) 3 (11)
Fatigue 0 (0) 3 (11)
Blood creatine

phosphokinase
increased

1 (3) 3 (11)

Blood
creatinine increased

0 (0) 3 (11)

Weight decreased 0 (0) 3 (11)
Anemia 3 (10) 3 (11)
Lymphopenia 0 (0) 3 (11)
Decreased appetite 0 (0) 3 (11)
Hypertension 3 (10) 3 (11)
Upper respiratory

tract infection
3 (10) 2 (7)

Abdominal pain 3 (10) 2 (7)
Nasopharyngitis 3 (10) 1 (4)
Nausea 3 (10) 1 (4)
Back pain 3 (10) 1 (4)
Muscle spasms 3 (10) 0 (0)

N5number of patients randomized to treatment group in the
safety population in the specified group during the double-
blind treatment period; n5number of patients in specified
category. AE, adverse event.

Table 5. Serious adverse events during double-blind treatment
period

Preferred Term
Placebo
(N529),
n (%)

Avacopan
(N528),
n (%)

Any SAE 3 (10) 3 (11)
Gastroenteritis salmonella 0 (0) 1 (4)
Neutropenic sepsis 0 (0) 1 (4)
Pneumonia 1 (3) 1 (4)
Bacterial parotitis 1 (3) 0 (0)
Bronchitis 1 (3) 0 (0)
Neutrophil count

decreased
0 (0) 1 (4)

Sjogren’s syndrome 0 (0) 1 (4)
AKI 0 (0) 1 (4)
Alcohol withdrawal

syndrome
1 (3) 0 (0)

The safety population in the double-blind treatment period
was defined as all patients who received at least one dose of
investigational product in the double-blind treatment period.
N5number of patients randomized to treatment group in the
safety population in double-blind treatment period in specified
group; n5number of patients in specified category;
%51003n/N. SAE, serious adverse event.
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Avacopan is a selective C5aR antagonist that inhibits
the interaction of C5aR and anaphylatoxin C5a.11,14 Ava-
copan does not seem to affect C5b-9 production, thereby
not affecting the membrane attack complex.10 Further-
more, owing to its selective mode of action, avacopan
may not interfere with the upstream components of the
complement cascade and preserves the beneficial, anti-
inflammatory functions of the C5L2 pathway.14,15 Evi-
dence from animal models suggests that inhibition of
C5a may be more important than inhibition of C5b-9 in
C3 glomerulopathy because deletion of complement 6,
which is part of the C5b-9 complex, in complement factor
H knockout mice failed to protect the mice from devel-
oping symptoms of C3 glomerulopathy.6 These preclinical
data, in conjunction with supportive clinical and kidney
outcome observed in patients with GPA or MPA, sugges-
ted that the mode of action of avacopan could provide
anti-inflammatory effects and improve kidney function in
patients with C3 glomerulopathy. Despite no statistical
differences in primary efficacy end points between ava-
copan and placebo, some of the data, along with
subgroup analyses, show positive trends in the kidney
effects of avacopan in these patients. The effects of ava-
copan on mitigating chronicity changes compared with
placebo suggest a potential role for this agent as a disease-
stabilizing therapy, which may be particularly beneficial
in mild to moderate disease, and when used early in the
disease course. Despite not affecting C3 deposition, the
ability to reduce the inflammatory response elicited by
C5a and the ensuing risk of accumulated chronicity from
unchecked anaphylatoxin effect suggests a potential ra-
tionale for avacopan.

The safety data from this study collected over a 52-week
treatment period and the 8-week follow-up period did not
identify significant safety concerns, and avacopan was
generally well tolerated in patients with C3 glomerulop-
athy. The incidence, type, and severity of AEs and SAEs
and those leading to discontinuation of investigational
treatment were comparable with those reported in the
placebo group. More specifically, infection, liver and mus-
cle events, hypersensitivity events, and decreases in white
blood cells were similar between the treatment groups.
Exposure to avacopan did not show any trends indicative
of treatment-related laboratory abnormalities, as well as no
effects on vital signs, including BP, electrocardiogram, or
body mass index.

This trial had some limitations, most notably the small
sample size (N557), which may have contributed to the
observed study results, despite this being the largest ran-
domized clinical trial in C3 glomerulopathy to date. The
patient population in the study was mostly a prevalent
disease population, with most patients being enrolled at
approximately 4 years after their initial diagnosis. Conceiv-
ably, a benefit of avacopan on disease activity, not seen in
this study, may have been apparent in a study limited to
incident disease when the disease is at its most active and
before any disease chronicity has ensued. In addition, the
ACCOLADE study population had elevated and normal
C5b-9 values; however, it is possible that the selection of
another biomarker for stratification, like C5a, would have
been more meaningful and sensitive for this trial. Finally,
considering the complexity of C3 glomerulopathy disease

and trial design requirements, the duration of treatment
may not have been optimal, as a longer study period could
have been more appropriate to assess kidney function and
damage, especially if changes in chronicity indices (both
histologically and by eGFR) are to be used.

In conclusion, ACCOLADE was a randomized, double-
blind, placebo-controlled, phase 2 global study in 57 pa-
tients that evaluated the safety and efficacy of avacopan
30 mg BID compared with placebo in improving kidney
function in patients with the rare disease of C3 glomer-
ulopathy. The primary end point for the study was not
met; other clinical effects of avacopan to improve certain
key kidney function parameters and slow disease pro-
gression were variable and require further evaluation.
Safety data from this study, collected over a 52-week
treatment period and an 8-week follow-up period, did
not identify any safety concerns with avacopan, which
was well tolerated in this patient population.
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13. Schwartz GJ, Muñoz A, Schneider MF, et al. New equations to
estimate GFR in children with CKD. J Am Soc Nephrol. 2009;
20(3):629–637. doi:10.1681/ASN.2008030287

14. Bekker P, Dairaghi D, Seitz L, et al. Characterization of phar-
macologic and pharmacokinetic properties of CCX168, a potent
and selective orally administered complement 5a receptor in-
hibitor, based on preclinical evaluation and randomized phase 1
clinical study. PLoS One. 2016;11(10):e0164646. doi:10.1371/
journal.pone.0164646

15. Chen M, Jayne DRW, Zhao M-H. Complement in ANCA-
associated vasculitis: mechanisms and implications for man-
agement. Nat Rev Nephrol. 2017;13(6):359–367. doi:10.1038/
nrneph.2017.37

*This study was conducted at 46 study centers worldwide (Belgium,
Canada, Denmark, Germany, Ireland, Italy, The Netherlands, Spain,
the United Kingdom, and the United States). Each site was supervised
by a principal investigator. The list of investigators and study centers
are provided below: Andrew Bomback, Columbia University Medical
Center, New York, New York 10032; Samir Parikh, The Ohio State
University (OSU), Wexner Medical Center, Columbus, Ohio 43210;
Carla Nester, University of Iowa, Iowa City, Iowa 52242; John Niles,
Massachusetts General Hospital, Boston, Massachusetts 02114;
Fernando Fervenza, Mayo Clinic – Rochester, Rochester, Minnesota
55905; Richard Lafayette, Stanford University Medical Center, Palo
Alto, California 94304; Cybele Ghossein, Northwestern University -
The Feinberg School of Medicine, Northwestern Memorial Hospital,
Chicago, Illinois 60611; Antony Farias, Nephrology Associates of
South Miami, Miami, Florida 33173; Reginald Gohh, Rhode Island
Hospital, East Providence, Rhode Island 02914; Josephine Abraham,
University of Utah, Salt Lake City, Utah 84132; Pooja Singh, Thomas
Jefferson University, Philadelphia, Pennsylvania 19107; Rachel
Hellemans, Antwerp University Hospital (UZA), Edegem, 2650
Belgium; Laurent Weekers, Center Hospitalier Universitaire (CHU) de
Liege, Bâtiment B35, Liege, 4000 Belgium; Jean-Michel Hougardy,
Universite Libre de Bruxelles (ULB) - Hopital Erasme, Recherche
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Néphrologie – Médecine Interne, Valenciennes cedex, 59322 France;
Aude Servais, AP-HP Hopital Necker-Enfants Malades, Paris Cedex,
75015 France; Martin Nitschke, Universitaetsklinikum Schleswig-
Holstein – Campus Luebeck Medizinische Klinik I, Lubeck, 23538
Germany; Ulf Schoenermarck, Klinikum der Universitaet Muenchen,
München, 81377 Germany; Hermann Haller, Medizinische
Hochschule Hannover (MHH), Hannover, 30625 Germany; Christian

498 JASN

CLINICAL RESEARCH www.jasn.org

https://wwwext.amgen.com/science/clinical-trials/clinical-data-transparency-practices/clinical-trial-data-sharing-request
https://wwwext.amgen.com/science/clinical-trials/clinical-data-transparency-practices/clinical-trial-data-sharing-request
http://links.lww.com/JSN/E900
http://links.lww.com/JSN/E900
http://links.lww.com/JSN/E900
http://links.lww.com/JSN/E900
http://links.lww.com/JSN/E900
http://links.lww.com/JSN/E900
http://links.lww.com/JSN/E900
http://links.lww.com/JSN/E900
http://links.lww.com/JSN/E900
https://doi.org/10.1016/j.kint.2017.10.022
https://doi.org/10.1016/j.kint.2017.10.022
https://doi.org/10.1038/ki.2013.377
https://doi.org/10.1038/s41581-018-0107-2
https://doi.org/10.1038/s41581-018-0107-2
https://doi.org/10.1038/ki.2013.340
https://doi.org/10.1681/ASN.2015060612
https://doi.org/10.2215/CJN.12901211
https://doi.org/10.2215/CJN.12901211
https://doi.org/10.1681/ASN.2011121186
https://doi.org/10.1681/ASN.2011121186
https://doi.org/10.1073/pnas.0601094103
https://doi.org/10.1681/ASN.2016111179
https://doi.org/10.1056/NEJMoa2023386
https://doi.org/10.1056/NEJMoa2023386
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1681/ASN.2008030287
https://doi.org/10.1371/journal.pone.0164646
https://doi.org/10.1371/journal.pone.0164646
https://doi.org/10.1038/nrneph.2017.37
https://doi.org/10.1038/nrneph.2017.37


Hugo, Universitaetsklinikum Carl Gustav Carus Dresden, Dresden, D-
01307 Germany; Oliver Witzke, Universitaetsklinikum Essen, Essen
45147 Germany; Peter Conlon, Beaumont Hospital, Dublin, 9
Ireland; Gaetano La Manna, IRCCS Azienda Ospedaliero-
Universitaria di Bologna - Policlinico di Sant’Orsola, Bologna, 40138
Italy; Marina Vivarelli, Ospedale Pediatrico Bambino Gesù, Centro
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