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ABSTRACT

Background. Improvement of proteinuria as a marker for disease activity is associated with a better renal outcome in
immunoglobulin A nephropathy (IgAN). Complement is an effector pathway in IgA-mediated kidney injury. Avacopan, a
selective C5a receptor inhibitor, has previously shown efficacy in anti-neutrophil cytoplasmic antibody–associated
vasculitis. The aim of this study was to evaluate the safety and efficacy of avacopan in patients with IgAN with
persistent proteinuria despite a maximally tolerated dose of renin–angiotensin–aldosterone system blockade. The
efficacy evaluation was based on the change in proteinuria.
Methods. This open-label pilot trial enrolled adult patients with biopsy-proven IgAN, urinary protein:creatinine ratio
(UPCR) >1 g/g creatinine and an estimated glomerular filtration rate (eGFR) >60 mL/min/1.73 m2 or >45 mL/min/1.73 m2

if eGFR has not declined >10 mL/min/1.73 m2 over the previous 24 weeks. If the UPCR remained at >1 g/g creatinine after
an 8-week run-in period, patients started avacopan 30 mg twice daily. The primary efficacy endpoint was the change in
the slope of the UPCR from the 8-week run-in period to the slope in the 12-week avacopan dosing period.
Results. A total of 10 of 15 screened patients entered the run-in period. Seven patients with a UPCR >1 g/g creatinine
received avacopan. Six of seven patients had numerical improvement in the UPCR during the avacopan treatment
period, three of whom had a numerical improvement of ∼50% at week 12. At week 24, five of seven patients still showed
numerical improvement in the UPCR compared with baseline. The urinary monocyte chemoattractant
protein-1:creatinine ratio decreased numerically 30% by week 8, possibly reflecting the anti-inflammatory activity of
avacopan. Avacopan was well tolerated. There was one serious adverse event of unstable angina, which was deemed to
be unrelated to avacopan.
Conclusions. This short-term pilot study showed an improvement in the slope of the UPCR, with ∼50% improvement in
three of seven patients with IgAN. Longer avacopan treatment duration may be indicated for maximal benefit.
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GRAPHICAL ABSTRACT
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BACKGROUND

Immunoglobulin A nephropathy (IgAN) was first described in
1968 by Berger. It is themost common glomerulonephritisworld-
wide and is associated with a wide spectrum of disease severity
and rates of progression of renal failure [1–3].

The current understanding of the pathogenesis includes
increased levels of circulating IgA1 with galactose deficiency
and the synthesis of antibodies directed against galactose-
deficient IgA. Immune complexes containing antibodies and
IgA1 are formed, and these are subsequently accumulated in
the mesangium of the glomeruli. This causes proliferation of
mesangial cells and complement cascade activation,manifested
by inflammationwith urinary abnormalities such as haematuria
and proteinuria leading to kidney injury [4].

In addition to kidney biopsy findings [mesangial (M) and
endocapillary (E) hypercellularity, segmental sclerosis (S) and
interstitial fibrosis/tubular atrophy (T); MEST score] and the
risk of progression towards kidney failure in IgAN, the best-
established risk factor for progressive IgAN with loss of renal
function is the persistent presence of proteinuria >1 g/day, with
some studies suggesting that the persistence of even lower lev-
els of proteinuria (>500 mg/day) may be associated with worse
prognosis [5–8].

Role of complement

Complement is an effector pathway in IgA-mediated kidney in-
jury. The alternative and lectin pathways have been hypothe-
sized to be of significance. Mesangial deposits of IgA often co-
localize with C3 and other complement components. Increased
renal expression of C3a, C5a and their receptors, implicating the
alternative pathway, is correlated to the severity of IgAN [9]. Fur-
thermore, lower expression of messenger RNA encoding for the
complement inhibitory protein CD46 has been shown in patients
with progressive IgAN, which may implicate a defective regu-
lation of C3 convertase with uncontrolled complement activa-
tion [10]. Also, activation of the mannan-binding lectin comple-
ment pathway has been associated with increased proteinuria
and worse renal outcome in IgAN [11, 12].

Despite the relative high prevalence of IgAN worldwide, the
current evidence-based therapy available for the treatment of
IgAN has been mainly empirical and thus insufficient. Cur-
rent guidelines include initiating supportive care therapy in pa-
tients with hypertension and persistent proteinuria of at least
0.5 g/day with renin–angiotensin–aldosterone system (RAAS)
blockade with either an angiotensin-conveerting enzyme in-
hibitor or an angiotensin receptor blocker to reach a level
of proteinuria below that threshold. This recommendation is
compatible with the kidney-protective effects of controlling
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FIGURE 1: Study design.

blood pressure and reducing proteinuria for chronic kidney dis-
ease in general [13].

For patients who fail to attain a reduction of proteinuria of
<1 g/day, it has been suggested that patients should be treated
with a 3- to 6-month course of glucocorticoids (GCs). Ob-
servational data from the European Validation Study of the
Oxford Classofocation of IgA Nephropathy cohort were eval-
uated retrospectively to assess the effect of adding GCs to
supportive care [14]. GCs reduced the risk of progression re-
gardless of the initial estimated glomerular filtration rate (eGFR)
when comparing 184 patients and matched controls, and the
smaller randomized Pozzi trial showed protection against de-
terioration in renal function [15]. However, the Supportive
Versus Immunosuppressive Therapy for the Treatment of Pro-
gressive IgA Nephropathy (STOP-IgAN) trial, which randomized
patients to either GC if the GFR was ≥60 mL/min/1.73 m2 or cy-
clophosphamide (CYC)/azathioprine/GC therapy if the GFR was
<60 mL/min/1.73 m2, could not demonstrate a significant ben-
efit on renal function, and adverse events in the intervention
armweremore prevalent [16]. Recently, in a 10-year follow-up of
the STOP-IgAN trial, GCs did not demonstrate differences in key
clinical outcomes in IgAN patients between supportive care plus
immunosuppression as compared with supportive care alone
[17]. Although GCs were associated with a significant reduc-
tion in the rate of loss of eGFR, dialysis or death due to kid-
ney failure in the randomized Therapeutic Evaluation of Steroids
in IgA Nephropathy Global trial, adverse events led to early
termination [18].

Thus there is an unmet need for therapies aimed at further
reducing proteinuria and preserving renal function while limit-
ing side effects in IgAN.

The interest in complement inhibition therapy has increased
considerably, particularly in the field of anti-neutrophil cyto-
plasmic antibody–associated vasculitis since Xiao et al. [19]
first demonstrated protection against myeloperoxidase-ANCA
glomerulonephritis using C5a receptor (C5aR) knockout or inhi-
bition with avacopan in an animal model.

The orally administered selective C5aR inhibitor avacopan,
previously called CCX168, which selectively blocks the alterna-
tive pathway, given with low-dose or no prednisone, was com-
pared with a standard-dose prednisone treatment in a Phase 2
study of ANCA-associated vasculitis. Patients also received ei-
ther CYC or rituximab (RTX) for induction treatment. The re-
sults showed that avacopan significantly reduced disease activ-
ity and albuminuria as compared with standard prednisone [20].
A Phase 3 study confirmed the efficacy of avacopan in patients
with ANCA-associated vasculitis [21].

Complement activation as a marker of disease progression
has further augmented interest in prospective treatment stud-
ies in IgAN, and there are several trials ongoing or planned, in-
cluding trials for narsoplimab (ClinicalTrials.gov NCT03608033)
and iptacopan (ClinicalTrials.gov NCT04578834).

The aim of the current pilot study (ClinicalTrials.gov
NCT02384317) was to evaluate the efficacy (based on protein-

uria change) and safety of 30 mg avacopan twice daily over a
12-week treatment period in patients with IgAN and persistent
proteinuria despite a maximally tolerated dose (MTD) of RAAS
blockade.

MATERIALS AND METHODS

This open-label pilot Phase 2 trial enrolled adult patients in
Sweden and the USA. Inclusion criteria were biopsy-proven
IgAN performed for clinical purposes within 3 years prior to
screening, urinary protein:creatinine ratio (UPCR) >1 g/g crea-
tinine based on a first morning spot urine sample, eGFR >60
mL/min/1.73m2 or>45mL/min/1.73m2 if eGFR has not declined
>10 mL/min/1.73 m2 over the previous 24 weeks. Exclusion cri-
teria were severe renal disease; pregnant or nursing; protein-
uria >8 g/g creatinine or >8 g/day; systemic manifestations of
Henoch–Schönlein purpura within 2 years prior to enrollment;
patients with IgAN deemed secondary to another underlying
disease; biopsy reported severe crescentic IgAN; history of treat-
ment with GCs, CYC, azathioprine, mycophenolate mofetil or
any biologic immunomodulatory agent with 24 weeks prior to
enrollment; history of clinically significant cardiac conditions;
history of cancer within 5 years prior to enrollment and any in-
fection requiring antibiotic treatment that had not cleared prior
to the study start.

All eligible patients participated in an 8-week run-in period
during which a stable MTD of an RAAS blocker was either main-
tained or given to a target blood pressure <125/75 mmHg. If the
UPCR was still >1 g/g creatinine at the end of the run-in period,
patients started avacopan at 30 mg twice daily for 12 weeks, fol-
lowed by a 12-week follow-up period without avacopan treat-
ment (Figure 1).

Patients visited the study centres for one or more screening
visits, then for the start of the titration period (4 weeks prior to
the run-in period) and on days –63 (start of the run-in period),
–35, –7 to –2 (two visits within this 5-day window), 1 (start of
avacopan dosing), 8, 15, 29, 43, 57, 85 (end of the 12-week dosing
period), 113, 141 and 169 (end of the follow-up period).

The primary efficacy endpoint was the change in slope
of the UPCR from the 8-week run-in period through the 12-
week avacopan dosing period. Secondary endpoints included
the change from baseline in the urinary albumin:creatinine ratio
(UACR), eGFR, urinary red blood cell count (URBC), urinarymono-
cyte chemoattractant protein-1 (MCP-1):creatinine ratio (MCP-
1 measured by enzyme immunoassay at Medpace Reference
Laboratories), urinary epidermal growth factor (EGF):MCP-1 ratio
(EGF measured by enzyme immunoassay at Medpace Reference
Laboratories), and serum IgA:plasma C3 ratio (IgA and C3 mea-
sured by nephelometry at Medpace Reference Laboratories) with
avacopan treatment.

The urinaryMCP-1:creatinine ratio has been studied as an in-
flammatory marker in ANCA-associated vasculitis, where levels
were higher in patients with active renal vasculitis compared

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/advance-article/doi/10.1093/ckj/sfab294/6514535 by Linköpings universitetsbibliotek/H

älsouniversitetets bibliotek user on 26 April 2022



4 A. Bruchfeld et al.

FIGURE 2: Patient disposition.

with patients in remission and those with active extrarenal
vasculitis and in primary glomerular diseases, including IgAN
[22, 23].

The EGF:MCP-1 ratio has been shown to be independently
associated with the severity of tubular atrophy and intersti-
tial fibrosis, which is an important prognostic factor in primary
glomerulonephritis [24].

Finally, the serum IgA:plasma C3 ratio has been associ-
ated with IgAN diagnosis, also in patients with proteinuria of
≤1 g/day, although neither severity nor outcome has been
strongly linked to this relation yet [25].

The trial was performed in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines. Ethics commit-
tees and institutional review boards approved the research pro-
tocol. All patients gave written informed consent before entry.

Statistical analysis

For the primary endpoint of change in the slope of UPCR, the
slope of the linear regression line of the day –63, –35, –7 to
–2 (two visits) and 1 (before the first dose of avacopan) time
points were calculated for each patient for the period prior to
avacopan dosing. The slope of the linear regression line of the
day 1, 8, 15, 29, 57 and 85 time points was also calculated for
each patient for the 12-week period of avacopan dosing. The
change in the mean slope across all seven patients from the
8-week run-in period to the 12-week treatment period was cal-
culated to evaluate the treatment effect of avacopan.

Summary statistics were calculated for the change
from baseline in UPCR, UACR, eGFR, URBC count, urinary
MCP-1:creatinine ratio, urinary EGF:MCP-1 ratio and serum
IgA:plasma C3 ratio.

Baseline was defined generally as the last value prior to the
start of dosing with avacopan (day 1 pre-dose value). However,
for the UPCR change from baseline calculations, the baseline is
the geometric mean of two UPCR measurements made in the
day –7 to –2windowplus the day 1 (pre-dose) value. For the eGFR,
UACR, MCP-1:creatinine ratio, EGF:MCP-1 ratio and URBC count,
baseline will be the geometric mean of one measurement made
in the day –7 to –2 window plus the day 1 (pre-dose) value.

RESULTS

The patient’s disposition is shown in Figure 2. A total of 15 sub-
jects underwent screening for the study. A total of 10 patients
entered the run-in period. Seven patients were still eligible, with
UPCR >1 g/g creatinine, at the end of the run-in period and
were treated with open-label avacopan. All seven patients sub-
sequently completed the study. The baseline characteristics are
summarized in Table 1. The mean age was 44.1 years (range 25–
59) with four females and three males.

Regarding the primary endpoint, the median change in the
UPCR slope from the 8-week run-in period to the 12-week treat-
ment period was –79 g/g creatinine/week (range –105.4–280.5).
Five of the seven subjects had a more negative slope during
the 12-week avacopan treatment period compared with the 8-
week run-in period (Table 2), indicating an improvement in

Table 1. Demographics and baseline characteristics (avacopan, N = 7)

Characteristics Values

Age (years), mean ± SD [range] 44.1 ± 13.2 [25–59]
Sex (female/male), n/n 4 / 3
Race (White/Asian), n/n 6 / 1
Body mass index (kg/m2), mean ± SD 30.1 ± 8.3
Time since biopsy diagnosis (months), median (range) 15.4 (1–42)
UPCR (mg/g), geometric mean (range) 1801 (1181–3392)
UACR (mg/g), geometric mean (range) 1425 (922–2898)
eGFR (mL/min/1.73 m2), mean ± SD 65.9 ± 18.1
Urinary MCP-1:creatinine ratio (pg/mg), geometric mean (range) 514 (225–975)
Urinary RBC count (cells/high power field), geometric mean (range) 6.21 (1.22–61.24)
Urinary EGF:MCP-1 ratio (pg/pg), geometric mean (range) 15.14 (6.95–49.09)
Serum IgA:plasma C3 ratio (mg/mg), geometric mean (range) 2.96 (2.21–4.81)
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Table 2. Individual subject UPCR slopes and change in slope (mg/g/week)

Patient
Slope, RAAS inhibitor 8-week

run-in perioda

Slope, avacopan + RAAS inhibitor
12-week treatment periodb

Change in slope from run-in
period to avacopan treatment

period

1 73 –6 –79
2 –91 189 280
3 66 –23 –89
4 66 –39 –105
5 –3 –4 –1
6 53 –50 –103
7 –104 –25 79

aThe slope of the run-in period was based on the linear regression of the data from the day –63, –35, –7 to –2 (two visits) and day 1 (before the first dose of avacopan)
time points.
bThe slope of the treatment period was based on the linear regression of the data from the day 1, 8, 15, 29, 57 and 85 time points.

Table 3. Percent change from baselinea to week 12 in UPCR and UACR

Patient UPCR change at week 12 (%) UACR change at week 12 (%)

1 17 51
2 59 38
3 –15 –3
4 –47 –52
5 26 32
6 –49 –51
7 –48 –49

aBaseline was calculated as the geometric mean of three UPCR and UACR mea-
surements, the twomeasurements made within the day –7 to –2 time frame and

the day 1 (pre-dosing) measurement.

FIGURE 3: The mean percent change from baseline in UPCR during the 12-week
avacopan treatment period and 12-week follow-up period.

proteinuria with avacopan treatment. Six of the seven subjects
had a negative slope in the UPCR during the 12-week avacopan
treatment period (Table 2). Three of the seven subjects had an
improvement in the UPCR or UACR of ∼50% (Table 3) and three
of the seven subjects had a UPCR ≤1 g/g creatinine at the end of
the 12-week avacopan treatment period.

The percent change from baseline in the UPCR over the
course of the 12-week treatment period and the 12-week follow-
up period is shown in Figure 3. The mean eGFR did not change
meaningfully from baseline {mean 65.9 [standard deviation (SD)
18.1]} to week 12 [mean 62.1 (SD 12.8)]. The URBC count de-

FIGURE 4: The mean percent change from baseline in the urinary MCP-

1:creatinine ratio during the 12-week avacopan treatment period and 12-week
follow-up period.

creased from a geometric mean of 6.2 cells per high power field
(range 1–61) at baseline to 2.6 (range 0–16) atweek 12.The change
from baseline in the urinary MCP-1:creatinine ratio is shown in
Figure 4. The urinary MCP-1:creatinine ratio decreased 24% nu-
merically by week 4, 29% by week 8 and 14% by week 12, pos-
sibly reflecting the anti-inflammatory activity of avacopan. The
IgA:C3 ratio remained unchanged [geometric mean 2.96 (range
2.21–4.81) at baseline and 3.06 (range 2.56–5.10) at week 12]. The
eGFR:MCP-1 ratio did not changemeaningfully [geometric mean
15.14 (range 6.95–49.09) at baseline and 16.90 (range 4.10–43.40)
at week 12].

By-patient listings for all efficacy measurements and all
RAAS inhibitors are provided in the Supplementary data. None
of the patients received any systemic immunosuppressive med-
ications or GCs during the study.

Blood pressure remained relatively stable throughout the 12-
week dosing period: mean systolic blood pressure was 128.9
mmHg (SD 13.15) on day 1 (prior to the start of avacopan dosing)
and 127.4 mmHg (SD 12.01) at week 12 and mean diastolic blood
pressure was 80.1 mmHg (SD 12.98) on day 1 and 82.3 mmHg (SD
9.67) at week 12.

Kidney biopsies

Patients who were included in the study were required to have
a kidney biopsy consistent with IgAN during the last 3 years
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or be eligible after a new biopsy. The protocol also included
an optional post-treatment kidney biopsy, which was carried
out in two patients after the 3-month follow-up period. One
patient, who had a 49% reduction in proteinuria, showed some
improvement with regard to endocapillary proliferation and
the presence of crescents (Oxford classification M1 E0 S1 T0)
as compared with a kidney biopsy performed ∼4 years prior
(Oxford classification M0 E1 S1 T1 with 10–15% crescents). The
other patient did not show significant changes in histology.

Side effects

Avacopan was well tolerated. There were no early withdrawals
during the 12-week avacopan treatment period. None of the ob-
served adverse events were severe. One serious adverse event
of unstable angina in a patient with a medical history of coro-
nary artery disease and anginawas considered unrelated to ava-
copan treatment by the investigator. Headache, nasopharyngitis
and peripheral swelling were the most commonly reported ad-
verse events (each reported in three subjects). All of these events
were mild and were considered not related to avacopan by the
investigators, except for one event of headache.

DISCUSSION

An interest in new therapies for IgAN has increased lately based
on the current understanding of the complement system in the
pathogenesis and the unmet need for improved care with more
effective therapy and fewer adverse events. Although widely
used in patients with significant proteinuria despite best sup-
portive care, the benefit of GCs varies widely and short- and
long-term toxicity is a concern.

Results from this pilot study in patients with IgAN on sta-
ble RAAS treatment showed that proteinuria improved in the
majority of patients and that 43% of patients had an improve-
ment in proteinuria of ∼50% to a level <1 g/g creatinine. The
urinary MCP-1:creatinine ratio, a marker of renal inflammation,
decreased with avacopan treatment, which is consistent with
results from the recent Phase 3 avacopan randomized study in
patients with ANCA-associated vasculitis [25]. Interestingly, the
decrease in MCP-1 preceded the decrease in UPCR, which is bi-
ologically in line with a reduction in renal inflammation as a
prerequisite for a reduction of proteinuria. As anticipated with
such a short-term study, eGFR did not change over the course of
the study and neither did the eGFR:MCP-1 ratio nor the IgA:C3
ratio.

The main finding of this short-term study was that pro-
teinuria improved in most patients and substantially in several
of them. Sustained improvement of proteinuria as a surrogate
marker for disease activity has been shown to be associatedwith
better renal outcomes [26, 27].

The current Kidney Disease: Improving Global Outcomes
standard for IgAN studies is stable maximal supportive care, in-
cluding RAAS blockade for a minimum of 3 months before as-
sessing proteinuria and adding additional therapy [13]. In this
open-label pilot study, the run-in was 8 weeks, in addition to the
4-week titration period preceding it, which at the time was con-
sidered reasonable and practical. The proteinuria slope during
the run-in period was subsequently compared with the slope
during the treatment period,which was pre-specified in the pro-
tocol.

Of the 15 patients who were screened, 10 were entered into
the titration phase and 7 were eventually eligible for treatment.
In most cases, the proteinuria did not decrease further during

the 8-week run-in and remained stable during the first 4–8weeks
of treatment, as compared with the fairly early decrease in the
urinary MCP-1:creatinine ratio.

The main limitations of this study were the small number
of patients and the short treatment duration. However, as the
subjects were their own controls, additional informationwas ac-
cessible during the run-in and follow-up. Avacopan appeared to
be safe and well tolerated in this group of patients and there
seemed to be no safety issues that would prevent further study
of avacopan in IgAN. Longer avacopan treatment duration may
be indicated for maximal benefit.

CONCLUSIONS

Avacopan treatment showed an improvement in the slope of
UPCR,with clinically meaningful improvement in three of seven
patients with IgAN. Avacopan appeared to be safe and well tol-
erated. A randomized controlled study to assess the long-term
effect of avacopan, avoiding or reducing exposure to GCs, in IgAN
should be explored.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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