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Abstract
Introduction: C3 glomerulopathy (C3G) is an ultrarare, 
chronic and progressive nephropathy mediated by dysregu-
lation of the alternative pathway of complement (AP), with 
poor prognosis and limited treatment options. Targeted in-
hibition of proximal AP through factor D (FD) blockade rep-
resents a rational treatment approach. We present two 
phase 2 proof-of-concept clinical studies of the orally active 
FD inhibitor danicopan in patients with C3G and immune 
complex-mediated membranoproliferative glomerulone-

phritis (IC-MPGN) (NCT03369236 and NCT03459443). Meth-
ods: A double-blind, placebo-controlled study in patients 
with C3G and a single-arm, open-label study in patients with 
C3G or IC-MPGN treated with danicopan are reported. The 
studies evaluated pharmacokinetic/pharmacodynamic (PK/
PD), efficacy, and safety outcomes. The co-primary end-
points were change from baseline in composite biopsy score 
and the proportion of patients with a 30% reduction in pro-
teinuria relative to baseline at 6 or 12 months. Results: Opti-
mal systemic concentrations of danicopan were not achieved 
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for complete and sustained inhibition of AP, although there 
was evidence that blockade of FD reduced AP activity short-
ly after drug administration. Consequently, limited clinical 
response was observed in key efficacy endpoints. While sta-
ble disease or improvement from baseline was seen in some 
patients, response was not consistent. The data confirmed 
the favorable safety profile of danicopan. Conclusion: While 
demonstrating a favorable safety profile, danicopan resulted 
in incomplete and inadequately sustained inhibition of AP, 
probably due to limitations in its PK/PD profile in C3G, lead-
ing to lack of efficacy. Complete and sustained AP inhibition 
is required for a clinical response in patients with C3G.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

C3 glomerulopathy (C3G) and immune complex-me-
diated membranoproliferative glomerulonephritis (IC-
MPGN) are ultrarare, chronic and progressive nephropa-
thies. They are characterized by the deposition of varying 
amounts of immunoglobulin and/or complement com-
ponent 3 (C3) in kidney glomeruli. IC-MPGN, also 
termed immune complex glomerulonephritis in the latest 
update of the KDIGO guidelines, is characterized by sig-
nificant immunoglobulin deposition and is assumed to 
involve dysregulation of both the classical and alternative 
pathways of complement (AP) [1–4]. In contrast, C3G is 
a disease of AP overactivation, with either genetic or ac-
quired drivers precipitating disease, and is further subdi-
vided into C3 glomerulonephritis (C3GN) and dense de-
posit disease (DDD) based on electron microscopy fea-
tures [5, 6]. C3G onset often occurs in childhood or 
adolescence and while clinical presentation and progres-
sion are heterogenous, the overall prognosis of C3G is 
poor with ∼50% of patients progressing to end-stage kid-
ney disease by 10–15 years following diagnosis [7–14]. 
Both C3G and IC-MPGN share genetic, pathogenic, and 
clinical features [2, 3].

To date, no treatments are approved for C3G or IC-
MPGN. Existing treatment strategies include supportive 
measures alone, with or without the addition of classic 
immunosuppression. These approaches have had limited 
efficacy in preventing or delaying progression of disease 
[15–20]. A rational treatment approach, based on the 
pathophysiology of these diseases, is the targeted inhibi-
tion of complement [19]. Terminal complement inhibi-
tion with the anti-C5 antibody eculizumab has demon-
strated heterogeneous responses, presumably depending 
on the extent of terminal complement activation, which 

may vary substantially from patient to patient [21, 22]. 
Because C3G is driven by AP overactivation, which orig-
inates upstream of C5, inhibition of the proximal AP is 
anticipated to confer greater and more predictable effi-
cacy in controlling pathologic C3 deposition in the kid-
ney as compared to terminal complement blockade [23]. 
Several inhibitors of the proximal pathway are under in-
vestigation, with targets including MASP2, C3, and com-
plement factors D and B [24]. Factor D (FD) is the rate-
limiting step in the activation of the AP amplification 
loop. It mediates the cleavage of factor B to Ba and Bb, the 
latter being essential to the formation of C3 convertase. 
C3 convertase activity drives the amplification loop of the 
AP and is therefore critical to all subsequent functions of 
the AP [23, 25]. Inhibition of FD therefore has potential 
to prevent AP overactivation, reducing deposition of 
complement activation fragments in the kidney [23].

Early studies of danicopan (previously ACH-4471, 
ALXN2040), a first-generation, investigational, small 
molecule FD inhibitor, demonstrated a clinically relevant 
blockade of AP activity and highlighted the therapeutic 
potential of FD inhibition in AP-mediated diseases [23]. 
We present here the pharmacokinetic (PK), pharmaco-
dynamic (PD), efficacy, and safety outcomes of danico-
pan in patients with C3G and IC-MPGN obtained in two 
phase 2 proof-of-concept clinical studies (NCT03369236 
and NCT03459443) [26, 27]. An investigation of baseline 
(BL) systemic and urinary biomarkers from these studies 
is presented in a separate publication (Podos et al. [man-
uscript submitted]).

Materials and Methods

Study Designs
The safety and efficacy of the FD inhibitor danicopan in the 

treatment of patients with C3G and IC-MPGN were investigated 
in two proof-of-concept, phase 2 studies. The first study 
(NCT03369236; study 204) was a double-blind, placebo-con-
trolled study in patients with C3G [27], consisting of a 6-month, 
placebo-controlled, blinded treatment period, followed by a 
6-month open-label extension (OLE) treatment period, and a 
long-term follow-up period of up to 21 months. The second study 
(NCT03459443; study 205) was a single-arm, open-label study in 
patients with C3G or IC-MPGN [26], consisting of an initial 
12-month treatment period followed by a long-term extension 
treatment period. Studies 204 and 205 finished on December 18, 
2020, and March 29, 2021, respectively (both dates were the last 
patient’s last visit). Full study designs are shown in Figure 1. These 
studies were conducted at different centers, with no crossover of 
sites between studies.
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Patients
Key eligibility criteria for the two studies are shown in online 

supplementary Table S1 (for all online suppl. material, see www.
karger.com/doi/10.1159/000527167). Briefly, adult and adolescent 
patients (≥17 years old with C3G in study 204 and ≥12 years with 
C3G or IC-MPGN in study 205) were eligible for inclusion. Both 
studies required proteinuria ≥500 mg/day and estimated glomeru-
lar filtration rate (eGFR) ≥30 mL/min/1.73 m2.

All patients were required to have a diagnosis of C3G or IC-
MPGN established through kidney biopsy. Biopsy options includ-
ed a screening period biopsy or a pre-study, historical biopsy ob-
tained within 6 months before study enrollment. All biopsies ob-
tained were subsequently re-evaluated at a central pathology 
laboratory (Centre for Inflammatory Disease, Department of Im-
munology and Inflammation, Faculty of Medicine, Imperial Col-
lege London, London, UK).

Interventions
Vaccinations against Hemophilus influenzae, Streptococcus 

pneumoniae, and Neisseria meningitidis were required for all pa-
tients at least 2 weeks before danicopan dosing, and additional pro-
phylactic measures, including the use of prophylactic antibiotics, 
could be administered based on investigator decision. Danicopan 
or placebo was administered orally, in tablet form, at a starting 

dosage of 100 mg three times daily (t.i.d). After 2 weeks of treat-
ment, the dosage was increased to 200 mg t.i.d (or 150 mg t.i.d for 
patients weighing <60 kg in study 205). In study 204, all patients 
could continue into the 6-month OLE and receive danicopan fol-
lowing the blinded treatment period. During the OLE, all patients 
continued or were transitioned to danicopan at a starting dosage 
of 200 mg t.i.d. At the end of the OLE (week 52), patients could 
enter the long-term follow-up period while continuing on danico-
pan. For discontinuation, patients underwent dose tapering for 6 
days with follow-up visits 2 and 4 weeks (±2 days) after the last 
dose (including the taper) in both studies.

Outcomes
Primary efficacy endpoints were assessed at 6 months in study 

204 and at 12 months in study 205; safety outcomes were assessed 
throughout the duration of the studies. The co-primary endpoints 
were change from BL in composite biopsy score (see Histologic 
Assessments section for details on the scoring system and Podos 
et al. [manuscript submitted], for a full description) and the pro-
portion of patients with a 30% reduction in proteinuria relative to 
BL for each study. For study 204, renal biopsy was mandated to 
occur between weeks 26 and 28 for primary endpoint assessment, 
while for study 205 renal biopsy was mandated at week 52; all renal 
biopsy procedures required further consent. An amendment was 

Fig. 1. Study designs of studies 204 and 205. aProteinuria defined 
as ≥500 mg/day of protein in a 24-h urine or equivalent on spot 
urine. bThe initial dosing regimen was chosen based on data from 
a small proof-of-mechanism study in patients with C3G and IC-
MPGN, where similar exposures (100–200 mg t.i.d) had demon-
strated AP inhibition (NCT03124368; study 201) [28]. Study 201 
was a multicenter, open-label trial in which the effect of danicopan 
on C3 levels and AP activity in patients with C3G or IC-MPGN 
was assessed over 2 weeks of treatment followed by a 1-week taper. 
Full study design, objectives, inclusion/exclusion criteria, BL pa-
tient and disease characteristics, efficacy, and safety outcomes for 

study 201 are presented in online supplementary Figure S2 and in 
online supplementary Tables S5–S8, respectively. A total of 3 eli-
gible patients from study 201 also participated in study 205 follow-
ing a washout period (online suppl. Table S1). AP, alternative 
pathway of complement; BL, baseline; C3GN, C3 glomerulone-
phritis; DDD, dense deposit disease; eGFR, estimated glomerular 
filtration rate; IC-MPGN, immune complex-mediated membra-
noproliferative glomerulonephritis; LTE, long-term extension; 
OLE, open-label extension; R, randomization; tid, three times dai-
ly.
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also made to the study 205 protocol in response to the COVID-19 
pandemic, which allowed for postponement of the week 52 biopsy 
until it was safe to attend the clinic. A 30% reduction in proteinuria 
relative to BL was selected for the co-primary endpoint in conjunc-
tion with regulatory authorities and was supported by recent un-
derstanding in the field, including the view that proteinuria chang-
es of 30% appear clinically meaningful in other chronic kidney 
diseases [29–31].

Key secondary endpoints included changes in eGFR from BL 
and change in proteinuria from BL. Exploratory endpoints evalu-
ated the effect of danicopan on complement biomarkers at 6 or 12 
months relative to BL, including AP activity, FD, C3, Bb, and sol-
uble C5b-9 (sC5b-9). Safety analyses of danicopan treatment in 
participants with C3G or IC-MPGN included the frequency of ad-
verse events (AEs) and serious AEs (SAEs), frequency of AEs lead-
ing to discontinuation of the study medication, frequency of labo-
ratory abnormalities by toxicity grade, and treatment-emergent 
abnormalities via electrocardiogram.

Histologic Assessments
Percutaneous kidney biopsies were performed according to lo-

cal practices and centrally reviewed by light microscopy, immuno-
fluorescence, and electron microscopy. The criteria for diagnosis 
of C3G required that C3 deposits were ≥2 orders of magnitude 
greater than any other immune reactants (IgG, IgA, IgM, and 
C1Q), while C3 deposits accompanied by significant Ig deposition 
confirmed a diagnosis of IC-MPGN [6]. Further classification of 
C3G into DDD or C3GN was based on the presence or absence of 
highly electron-dense intramembranous deposits upon electron 
microscopy, respectively [5, 6, 16].

Kidney tissue was evaluated using a novel composite biopsy 
score, which incorporated changes in the activity index (range 
0–15), glomerular C3c staining (range 0–3), and glomerular mac-
rophage infiltration (range 0–3) and a chronicity index (range 
0–12), with higher scores indicating more active/advanced, severe 
disease [17, 32]. eGFR was calculated by the Modification of Diet 
in Renal Disease equation for patients ≥19 years and the bedside 
Schwartz equation for patients <19 years [33, 34].

Laboratory Assessments
Whole blood samples and 24-h urine samples (at least 7 days 

post-screening biopsy) were taken during screening (24-h urine) 
or just prior to dosing. Whole blood was processed to obtain serum 
or plasma and urine was cleared by centrifugation; samples were 
stored at −80°C until analyzed.

Collected urine samples were assayed for total protein concen-
tration, albumin and creatinine concentrations, albumin:creatinine 
ratio, total protein:creatinine ratio, and total volume. Proteinuria 
was evaluated in both spot and 24-h urine collections.

Serum AP activity was evaluated by AP Wieslab functional as-
say using commercial ELISA kits (SVAR, Sweden). Serum C3 con-
centrations were determined by immunoturbidimetric assay (Ti-
na-quant) on a Cobas analyzer (Roche Diagnostics, Switzerland). 
Commercial ELISA kits were used to determine concentrations of 
the complement components serum FD (Quantikine, R&D Sys-
tems, USA), plasma Bb, and sC5b-9 (MicroVue, Quidel, USA).

Analyses were performed by central clinical laboratories for the 
AP Wieslab, serum FD, plasma Bb, and sC5b-9 and by local clini-
cal laboratories for serum C3 and urinary protein and creatinine 
concentrations. Danicopan concentrations in plasma were deter-

mined by liquid chromatography-tandem mass spectrometry fol-
lowing protein precipitation with acetonitrile and centrifugation 
[35].

Statistical Analyses
Data were analyzed descriptively, with no statistical compari-

sons performed. Descriptive statistics included number of pa-
tients, mean, standard deviation (SD), median, interquartile range. 
Categorical data were summarized as frequency counts and per-
centages.

Results

Patient Disposition and BL Characteristics
A total of 13 patients were enrolled in study 204, with  

six in the danicopan group and seven in the placebo 
group. Of these, 1 patient in the placebo arm discontin-
ued during the 6-month blinded treatment period due to 
accidental unblinding, and 4 patients discontinued dur-
ing the OLE period: three for lack of efficacy and one due 
to acute kidney injury (Fig. 2).

In study 205, all 22 patients received danicopan. Of 
these, 3 patients discontinued due to lack of efficacy and 
one due to an AE (elevated creatine kinase) during the 
treatment period of the study. The study was closed early 
in consideration of a suboptimal clinical response. In 5 
patients with documented favorable trend, treatment 
with danicopan was continued on an individual basis 
(named-patient basis), under the direct responsibility of 
the investigating physicians (Fig. 2).

BL demographics and characteristics in both studies 
are presented in Table 1. A total of 35 patients (13 in study 
204; 22 in study 205) were enrolled. Thirty patients had 
their diagnoses confirmed by the central pathology labo-
ratory, while 5 patients in study 205 who had been diag-
nosed and enrolled based on local biopsies performed 
previously did not consent to re-biopsy. Thirty-four of 35 
(97%) patients had C3G and one of 35 (3%) had IC-MP-
GN. Overall, most patients were male, with a mean age of 
approximately 25 years. The patients had a long duration 
of disease, with mean values ranging from 4.4 to 7.4 years 
across studies. Most patients had a history of angiotensin-
converting enzyme inhibitor, angiotensin II receptor 
blocker, or immunosuppressant therapy; overall, 5 pa-
tients had received prior eculizumab. There were slight 
differences between patients in studies 204 and 205, espe-
cially with respect to markers of disease severity such as 
proteinuria, eGFR, or biopsy scores, which appeared to 
display a tendency toward more rapidly progressing dis-
ease in the patients in study 204. However, these differ-
ences were not formally analyzed.
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PK and PD Results
Mean danicopan plasma Ctrough values varied consid-

erably over time (Fig. 3a) but did not reach concentra-
tions sufficient to maintain ≥90% AP inhibition as had 
been projected from phase 1 studies (data not shown). 
Large inter-individual variations in plasma Ctrough were 
also observed, potentially indicating that patients were 
not consistently exposed to danicopan. Inhibition was 
highly dependent on bioavailable drug concentration, as 
shown in the intensive day 10 sampling (every 2 h, at 100 
mg t.i.d dosing) presented in online supplementary Fig-
ure S1, and plasma drug concentrations were largely sub-
optimal. While danicopan was able to reduce AP activity, 
the decrease was less robust at most trough timepoints, 
indicating that nearly complete AP inhibition was 
achieved but not sustained throughout the 8-h dose inter-
val (Fig. 3b).

BL PD parameters showed significant inter-individual 
heterogeneity but indicated substantial AP dysregulation 
and C3 consumption across both studies (online suppl. Ta-

ble S2). FD BL concentrations were on average above the 
upper limit of normal and fluctuated across patients (online 
suppl. Table S2), with higher concentrations seen in patients 
with lower eGFR (see Podos et al. [manuscript submitted]).

Consistent with a reduction in AP activation following 
danicopan administration, Bb – a cleavage product of 
complement factor B – concentration decreased from BL. 
Mean Bb concentrations following dosing remained be-
low the mean BL concentration at all visits, falling within 
the normal range at most visits during the respective eval-
uation periods of the two studies (Fig. 3c). In study 204, 
danicopan but not placebo mediated modest but notable 
C3 elevations from BL through week 28 (day 196), while 
in study 205, mean C3 concentration following danico-
pan dosing marginally increased from BL to week 28 and 
week 52 (day 364; Fig. 3d). Mean soluble terminal com-
plement complex (sC5b-9) concentration did not mean-
ingfully decrease with danicopan treatment in either 
study (Fig.  3e). Neither C3 nor sC5b-9 concentrations 
achieved levels within their respective normal ranges.

Fig. 2. Patient disposition in studies 204 and 205. aThe AE leading 
to study discontinuation in 1 patient in study 204 was acute kidney 
injury. bThe AE leading to study discontinuation in 1 patient in 
study 205 was elevated creatine kinase. Note that after discontinu-
ation of studies 204 and 205, 5 patients continued on danicopan in 
a named-patient program. Note: In study 205, patients were diag-
nosed with C3G or IC-MPGN by local laboratory histology assess-

ments, with no mandatory central confirmation of diagnosis using 
new biopsy samples required; 5 patients declined subsequent bi-
opsies and therefore central pathology diagnosis confirmation was 
not completed in these participants. AE, adverse event; C3G, C3 
glomerulopathy; C3GN, C3 glomerulonephritis; DDD, dense de-
posit disease; IC-MPGN, immune complex-mediated membrano-
proliferative glomerulonephritis.

D
ow

nloaded from
 http://karger.com

/ajn/article-pdf/53/10/687/3846509/000527167.pdf by Leiden U
niversity M

edisch C
entrum

 user on 25 M
ay 2023



Nester et al.Am J Nephrol 2022;53:687–700692
DOI: 10.1159/000527167

Safety
In study 204, many patients (n = 10 [76.9%]) had at 

least one treatment-emergent AE (TEAE) during the 
6-month blinded treatment period, with most AEs not 
related to study treatment, of grade 1 severity, and with 
similar incidences between placebo and danicopan treat-
ment groups. During the blinded treatment period, the 
most common AEs were nausea and vomiting, which 
were experienced by 2 (28.6%) patients in the placebo 
group and 1 (16.7%) patient in the danicopan group. The 
most common infections were upper respiratory tract in-
fections experienced by 1 patient per treatment group in 
the 6-month blinded period and nasopharyngitis experi-
enced by 2 patients in the placebo group during the OLE 
period. Other common AEs during the OLE period were 
diarrhea and acute kidney injury, each occurring in a total 
of 2 patients.

No SAEs were reported during the 6-month blinded 
treatment period in study 204. One SAE (acute kidney 
injury) leading to study withdrawal occurred in a patient 
in the placebo-to-danicopan crossover group during the 
OLE period. No deaths were recorded during the study 
period.

In study 205, while all patients had at least one TEAE, 
the majority of these were not related to study interven-
tion and had a severity of grade 1 or 2. The most common 
TEAEs were pyrexia and peripheral edema, recorded in 
11 (50%) and 8 (36.4%) patients, respectively. The most 
common infections reported were gastroenteritis and 
pharyngitis, both occurring in 6 (27.3%) patients.

Four SAEs were reported in 3 patients in study 205 
(rhinovirus, pyrexia, renal impairment, and atrial fibril-
lation). All were determined to be unrelated to treatment 
drug. No deaths or TEAEs leading to drug withdrawal 
were observed. No meningococcal infections, H. influen-
za type B, or S. pneumoniae infections were reported dur-
ing either study. The key safety results in studies 204 and 
205 are presented in online supplementary Table S3 and 
S4, respectively.

Efficacy Results
Co-Primary Endpoints
Composite biopsy score changes from BL to week 28 

were evaluated for 6 patients receiving placebo and 5 pa-
tients receiving danicopan in study 204. Score changes 
from BL to week 52 were available for 8 patients in study 
205. The changes from BL for each study are shown in 
Figure 4a, b. Higher scores indicate greater glomerular 
abnormalities. Biopsy scores marginally improved from 
BL in the danicopan-treated patients, but not in the pla-

Table 1. BL demographics and disease characteristics in studies 204 
and 205

Study 204
Placebo
N = 7

Study 204
Danicopan
N = 6

Study 205
Danicopan
N = 22

Sex, n (%)
N 7 6 22
Male 5 (71.4) 4 (66.7) 12 (54.5)
Female 2 (28.6) 2 (33.3) 10 (45.5)

Race, n (%)
N 7 6 22
Asian 2 (28.6) 0 2 (9.1)
White 4 (57.1) 5 (83.3) 19 (86.4)
Other 1 (14.3) 1 (16.7) 1 (4.5)

Ethnicity, n (%)
N 7 6 22
Hispanic or Latino 1 (14.3) 3 (50.0) 0

Age, years
N 7 6 22
Mean (SD) 24.9 (4.9) 25.5 (10.5) 24.3 (9.9)

Disease duration, years
N 6 6 21
Mean (SD) 7.4 (2.3) 5.4 (3.0) 4.4 (3.6)

BL composite biopsy score
N 6 6 16
Mean (SD) 9.3 (3.5) 11.7 (4.2) 10.6 (3.6)

BL eGFR, mL/min/1.73 m2

N 7 6 22
Mean (SD) 68.4 (36.7) 79.9 (67.7) 90.7 (35.5)

BL 24-h urine protein, mg/day
N 7 6 22
Mean (SD) 4,274.5 

(2,992.8)
6,137.7 (2,904.4) 4,252.3 (2,685.0)

Prior use of ACE/ARB inhibitorsa, n (%)
N 7 6 22
Yes 6 (85.7) 6 (100) 19 (86.4)
No 1 (14.3) 0 3 (13.6)

Prior use of immunosuppressantsa, n (%)
N 7 6 22
Yes 5 (71.4) 5 (83.3) 14 (63.6)
No 2 (28.6) 1 (16.7) 8 (36.4)

Prior use of eculizumab, n (%)
N 7 6 22
Yes 0 0 5 (22.7)
No 7 (100) 6 (100) 17 (77.3)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor 
blocker; BL, baseline; eGFR, estimated glomerular filtration rate; SD, 
standard deviation. a Concomitant administration of corticosteroids, 
mycophenolate mofetil, or anti-proteinuric medications (e.g., ACE 
inhibitors or ARBs) is permitted if on a stable dose for at least 2 
weeks prior to the first screening visit.
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cebo group, over the respective evaluation periods of the 
two studies. However, mean chronicity indexes in the 
two studies either did not improve or deteriorated (index 
increased) from BL with danicopan treatment. Glomeru-
lar C3 staining, which is included in the composite bi-
opsy score, did not change from BL to 6 months in either 
treatment group of study 204 or to 12 months in study 
205.

All patients were evaluated for improvement in pro-
teinuria, defined as ≥30% decrease in proteinuria (total 
protein/day) relative to BL from 24-h urine collection. In 
study 204, none of the patients treated with danicopan 
and 1 (20.0%) patient in the placebo group achieved the 
required proteinuria improvement. In study 205, 7 of 22 
(31.8%) and 8 of 19 (42.1%) patients with available sam-

ples at weeks 28 and 52, respectively, experienced im-
provement in proteinuria.

Key Secondary Endpoints
At BL, in study 204, mean eGFR was slightly greater in 

the danicopan group than in the placebo group, and no 
significant increase in eGFR was observed over time in 
either treatment group. In study 205, eGFR fluctuated 
from BL over time.

In the 4 patients receiving danicopan in study 204 with 
samples available at week 28, proteinuria worsened by a 
mean of 12.5%. Conversely, in study 205, at the end of the 
52-week evaluation period patients experienced a 17.1% 
decrease in proteinuria from a mean (SD) BL value of 
4,252.28 (2,684.96) mg/day to 3,512.63 (3,335.77) mg/

e

Fig. 3. PK and PD outcomes up to week 52 in studies 204 and 205: 
Mean (SD) Ctrough (a); mean (SD) change (%) from BL in AP activ-
ity (APW) (b); mean (SD) Bb at Ctrough (c); mean (SD) C3 at Ctrough 
(d); mean (SD) sC5b-9 at Ctrough (e). a At no timepoint were mean 
concentrations sufficient to maintain ≥90% AP inhibition as pro-
jected from phase 1 study and observed in the studies (data not 
shown). b APW activity values are provided on a scale such that 
100% of activity is normal activity as per assay control. Full inhibi-

tion of AP corresponds to a value of 0. AP, alternative pathway; 
APW, alternative pathway Wieslab activity; Bb, activated factor B; 
C3, complement component 3; Ctrough, trough plasma concentra-
tions; PD, pharmacodynamic; PK, pharmacokinetic; SD, standard 
deviation; LLN, lower limit of normal (shown in d, highest of mul-
tiple LLN values); ULN, upper limit of normal (shown in d, lowest 
of multiple LLN values).
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day. The mean percent changes from BL in eGFR and 
proteinuria at weeks 28 and 52 in each study are shown 
in Figure 4.

Discussion

Herein, we report the first clinical assessment of FD 
inhibition in patients with C3G and IC-MPGN. Defini-
tive clinical and histologic improvement was not demon-
strated in these studies and, although danicopan had a 
good safety profile, the study was terminated early due to 
lack of efficacy in this patient population.

A critical evaluation for the observed lack of efficacy 
reveals that an optimal systemic bioavailability of the 
drug required to achieve complete and sustained block-
ade of the AP was not maintained with the dosing regi-
men investigated in these studies. Shortly after adminis-
tration, danicopan was able to reduce AP activity even at 
the lower dose of 100 mg t.i.d; however, inhibition was 
not sustained, and AP activity levels recovered within a 
few hours. The observed PD response, characterized by 
limited inhibition of AP activity at PK troughs and in-
complete restoration of C3, further supports the conclu-
sion that systemic danicopan concentrations were insuf-
ficient for sustained inhibition of AP activity. The nature 
of C3G and IC-MPGN suggests that even minute break-
through AP activation, which is rapidly amplified via the 
AP amplification loop, would maintain C3 convertase 
upregulation, C3b deposition, and subsequent progres-
sion of disease. These phenomena may account for the 
limited clinical response observed in the key efficacy end-
points. More robust PD responses were suggested in pa-
tients with more sustained systemic drug concentrations.

Across the 204 and 205 studies, efficacy outcomes, in-
cluding results of the primary endpoints (changes from 
BL in biopsy score and patients with reduction in protein-
uria at 6 and 12 months, respectively) were not clinically 
significant. In study 204, differences were not observed in 

efficacy outcomes between the danicopan and the place-
bo treatment groups. While study 205 showed some ef-
ficacy, responses were not consistent among patients. Sta-
ble disease or improvement from BL was seen in some 
patients, despite a prior history of immunosuppression 
and a BL of long disease duration.

Interestingly, patients with milder disease activity ap-
peared to respond better to danicopan (data not shown), 
suggesting that FD inhibition may achieve some clinical 
benefits in this group even with a suboptimal PK/PD ac-
tivity. However, whether milder disease is associated with 
lesser degrees of complement activation, and therefore 
less need for complement blockade, remains unknown. 
The small sample size and the inability to achieve ade-
quate sustained complement suppression in these studies 
precludes generalizations, and these results would need 
to be confirmed in a larger dataset. With respect to inad-
equate dosing (despite phase 1 data), independent studies 
have indicated that a very high degree of FD inhibition is 
required to efficiently block the AP [36]. These findings 
are of relevance for C3G and IC-MPGN patients, who 
may require an even higher degree of FD inhibition to 
compensate for the hyperactivity of the AP due to C3 con-
vertase dysregulation. In addition, circulating levels of FD 
are dependent on kidney function and an inverse correla-
tion between plasma FD levels and eGFR has been docu-
mented [37, 38].

The patient population and severity of disease in these 
studies were highly heterogenous, reflective of the larger 
C3G population. Our results reinforce the need for a ro-
bust PK/PD profile to produce consistent clinical effects 
of treatment in all patients. Heterogeneity in patient char-
acteristics may also help explain the observed differences 
in the results for danicopan-treated patients between 
studies 204 and 205.

The overall safety profile of danicopan was favorable 
with no significant serious infections, no reports of me-
ningococcal infections, and no deaths or treatment dis-
continuations related to the study drug during the 
6-month treatment period. This was also true for the pa-
tients in the phase 1 study of danicopan (study 201, in 
online suppl. Table S8).

Several trial-related limitations were noted across stud-
ies 204 and 205, including small sample sizes, multiple 
protocol amendments, and deviations relating to treat-
ment compliance and laboratory assessments. Further, 
only 1 patient had central pathology-confirmed diagnosis 
of IC-MPGN; therefore, conclusions particular to this 
condition cannot be drawn. Lastly, not all patients in these 
studies provided biopsy samples for assessment of the co-

Fig. 4. Mean (SD) change from BL in composite biopsy index score 
and individual biopsy components (a) at week 28 (study 204 pri-
mary endpoint; ai) and week 52 (study 205 primary endpoint; aii) 
and mean (SD) percentage change from BL in proteinuria and 
eGFR (b) at weeks 28 and 52 in study 204 (bi) and study 205 (bii). 
Composite index score ranges from 0 to 21; activity index ranges 
from 0 to 15; glomerular C3 staining ranges from 0 to 3; glomeru-
lar macrophage infiltration ranges from 0 to 3; chronicity index 
ranges from 0 to 12. BL, baseline; eGFR, estimated glomerular fil-
tration rate; C3, complement component 3; SD, standard devia-
tion; UPCR, urine protein:creatinine ratio.
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primary endpoint; reasons for this included early trial ter-
mination due to a lack of observable efficacy, early trial 
discontinuation, lack of consent, contraindication to bi-
opsy, age, and trial disruption related to the COVID-19 
pandemic. Although not all patients were assessed, a lack 
of efficacy had already been established in these studies.

The results from these studies suggest that a complete 
and sustained inhibition of the AP is required to control 
disease activity in C3G. Early, consistent inhibition of the 
AP in patients within these trials suggests that the greatest 
limitation observed may be related to the required PK/PD 
profile and dosing schedule of FD inhibitors and not to 
their mechanism of action.

FD remains an attractive treatment target in C3G. FD 
inhibition targets the central mechanism driving C3G, 
that of dysregulated AP activity – particularly at the level 
of amplification. This is in significant contrast to the cur-
rent standard of care treatments [24, 39]. Although inhi-
bition of the proximal/upstream AP is proposed as pref-
erable to terminal complement blockade in a disease driv-
en by AP dysregulation [23], the heterogeneity of C3G 
patients poses a significant therapeutic challenge. The 
possibility of variable efficacy in the setting of advanced 
kidney disease adds an additional challenge not consid-
ered previously. Individualized dosing and treatment du-
ration may be required, all highlighting the importance of 
future studies to identify clinical, histologic, biochemical, 
and genetic factors predictive of those patients with C3G 
most likely to benefit from treatment with FD inhibitors. 
There are several ongoing studies designed to validate 
both clinical and complement biomarkers as measures of 
C3G disease activity and severity. The present data con-
firm the safety of FD inhibition; armed with the data from 
the biomarker studies, future studies of FD inhibition will 
be able to select and stratify patient populations who will 
most benefit from a specific, targeted therapy.
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