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The Emerging Landscape 
of Alternative Pathway 
Complement Inhibitors

DYSREGULATION OF THE complement system can induce or exacerbate a 
wide range of disorders—from age-related macular degeneration (AMD) to 
rare, complement-mediated renal diseases and prothrombotic hematologic 
disorders—and contributes to excessive inflammation and tissue damage.1-3 
The current landscape of approved therapeutics targeting the complement 
system involves inhibitors of the classical and terminal pathways.4-8 Alternative 
pathway-targeting therapeutics explore novel means of treating many comple-
ment-mediated diseases.9-20 Some of these agents are highly selective for the 
alternative pathway, leaving the classical and lectin pathways intact; this could 
result in a lower infection risk compared with use of other complement inhibi-
tors.4-6,9,19,21 This article reviews the current landscape of therapeutics targeting the 
complement system and the emerging drugs targeting the alternative pathway to 
treat a wide range of diseases.

The Role of the Complement System
The complement system is a set of proteins that plays a central role in innate 
immunity, adaptive immune responses, and normal tissue homeostasis.1,22 
The classical, lectin, and alternative pathways activate the complement system 
via distinct mechanisms.1 Upon activation on certain plasma and cell surfaces 
following recognition of danger signals, the complement system proteins are 
cleaved in a cascade-like fashion into bioactive components.1,22 These actions 
ultimately lead to the direct lysis of pathogens, pathogen phagocytosis by 
immune cells, and assembly and stimulation of inflammatory cells.1 Regulation 
of adaptive cellular immune responses and clearance of dead/dying cells and 
immune complexes from circulation are also functions of the complement 
system.1 The ability to distinguish pathogens from host cells and control 
unwanted complement activation against the host are key to the regulation and 
homeostasis of the complement system.1

Impact of Complement System Dysregulation
A network of proteins acts to regulate the complement system and protect 
the host from complement-mediated tissue damage.1 Dysregulation of the 
complement system contributes to excessive inflammation and tissue damage 
and induces or exacerbates a wide range of disorders including various chronic 
renal disorders, prothrombotic hematologic diseases, and ocular conditions.1,2 
Table 1 lists many of the diseases and conditions in which the pathogenic role 
of the complement system has been at least partially elucidated in human or 
animal studies.1-5,7,9,22-41

Complement system dysregulation results from a deficiency or overactiva-
tion of 1 or more regulatory proteins.1,2 Regulatory protein deficiencies can be 
genetic or acquired.1,2,25,42 Adverse activation of the complement system can occur 
following exposure to high levels of a pathogen, damage-associated stimuli, or 
foreign surfaces.2 Uncontrolled conditions (eg, ischemia/reperfusion, sepsis, 
neurodegenerative disorders) can overwhelm regulatory proteins, resulting in 
excessive inflammation and complement-mediated tissue damage.1
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The Role of the Alternative Pathway
Identification of immune complexes and pattern recogni-
tion signals trigger the classical and lectin pathways, 
respectively; however, under normal physiological 
conditions, the alternative pathway is the dominant 
complement surveillance method.22,43 The alternative 
pathway activates the complement system via the tick-
over mechanism, in which low levels of complement 
protein 3 (C3) are constantly activated into C3b, which 
can deposit on any surface, ensuring prompt detection of 
pathogens or irritants.22,43 The classical, lectin, and alterna-
tive pathways converge at the level of the C3 convertase, 
with C3 being a central component to the complement 
system (Figure).22,43,44

Under normal physiological conditions, C3b is inacti-
vated by complement regulators, preventing damage to 
healthy host tissue.22 Complement regulators are mostly 
absent from pathogens and cell debris; when C3b binds 
to pathogens and cell debris, the activation of C3 will 
amplify as a positive feedback loop, with the alternative 
pathway C3 convertase C3bBb being generated by factors 
B, D, and properdin.22 The alternative pathway is key to 
the amplification loop of the complement system, as any 
C3b deposited by 1 of the 3 pathways can activate C3bBb 
of the alternative pathway.1 Factors B, D, and properdin 
are unique to the alternative pathway, with each playing a 
role in its activation and subsequent complement system 
amplification.22,43,45 Additional regulators (eg, factors H and 
I) also play a role in complement amplification.43

Burden of Alternative Pathway Dysregulation
Given the key role of the alternative pathway in the 
amplification of the complement system, its dysregula-
tion has been implicated in several diseases, including 
AMD, C3 glomerulopathy (C3G), atypical hemolytic 
uremic syndrome (aHUS), and antineutrophil cytoplas-
matic autoantibody-associated vasculitis.1,3,23,25,29 The 
alternative pathway is also an important contributor 
to the pathogenesis of conditions such as paroxysmal 
nocturnal hemoglobinuria (PNH), immunoglobulin (Ig) A 
nephropathy, lupus nephritis, membranous nephropathy, 
and antiglomerular basement membrane glomerulo-
nephritis.9,22,24,26-28,30,31 Involvement of the alternative 
pathway has also been associated with conditions such 
as rheumatoid arthritis, asthma, ischemic stroke, and 
periodontal disease.32,33,36,37

AMD
AMD is a disorder of the macula distinguished by 
drusen (yellow lesions at the basement membrane level 
of the retinal pigment epithelium [RPE]) or other RPE 
alterations.46 Abnormalities of the RPE may include 
hypopigmentation, hyperpigmentation, or geographic 
atrophy, which is an advanced form of AMD involving the 
center of the fovea.46 Activation of the alternative comple-
ment pathway has been implicated in the pathogenesis of 
AMD, with levels of complement proteins (eg, C3, factors B 
and D) increasing with disease progression.23

AMD affects an estimated 1.75 million US adults 40 
years and older.46,47 Patient visual acuity may range 
from normal to severely impaired.46 The results of 2 
observational studies of patients with geographic atrophy 
secondary to AMD demonstrated that the lesion area 
caused by geographic atrophy substantially increased and 
visual function deteriorated over a 2-year period.48 AMD 
is associated with a considerable economic burden in 
the United States; annual direct medical costs have been 

TABLE 1. Diseases Associated With Complement 
System Dysregulation3-5,7,9,22-41

Disease Primary complement pathway involved 

aHUS Alternative 

AMD Alternative

Antineutrophil cytoplasmatic 
autoantibody-associated 
vasculitis

Alternative

Asthma Alternative

C3G Alternative

Rheumatoid arthritis Alternative

Periodontal disease Alternative and classical

Antiglomerular basement 
membrane antibody GN Alternative, classical, and lectin

Stroke, infarction Alternative, classical, and lectin

IgA nephropathy Alternative and lectin

Membranous nephropathy Alternative and/or lectin

SLE/lupus nephritis Alternative and others

PNH Alternative and terminal

Immune thrombocytopenic 
purpura Classical

Cold agglutinin disease Classical (C1)

Neurodegenerative disorders Classical and terminal

Sepsis Proximal complement (C3)

Hepatic ischemia 
reperfusion injury Terminal

Myasthenia gravis Terminal (C5b-9)

Neuromyelitis optica Terminal (C5b-9)

aHUS, atypical hemolytic uremic syndrome; AMD, age-related macular degeneration; 
C3G, C3 glomerulopathy; GN, glomerulonephritis; Ig, immunoglobulin; PNH, paroxysmal 
nocturnal hemoglobinuria; SLE, systemic lupus erythematosus.
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C refers to complement; DAF, decay-accelerating factor; FB, factor B; FD, factor D; FH, factor H; FI, factor I; MAC, membrane attack complex; P, properdin.
aCleavage by FD of C3-bound factor B generates C3Bb convertase, which splits C3 into C3b and C3a. FD also cleaves C3-bound FB in the amplification loop, generating C3bBb, which 
amplifies the signal. Since the classical and lectin pathways converge at the amplification loop, their signals are also amplified by FD.44

Adapted with permission from Barratt J, Weitz I. Front Immunol. 2021;12:712572. Use of this figure does not imply the endorsement by the authors or publisher of the material contained 
in this publication. This figure and related material are available, free of charge, at https://www.frontiersin.org

FIGURE. Activation of the Alternative Complement Pathway44,a
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estimated to be $575 million (2004 US$).49 Additionally, 
because of the accompanying visual impairment, patients 
are at risk for falls and fractures, which can add to the 
cost of care.50,51

PNH
PNH is a rare, acquired hematopoietic stem cell disorder 
characterized by chronic hemolysis.24,52 Somatic mutations 
in the PIGA gene lead to deficiencies in the comple-
ment inhibitory proteins CD55 and CD59, resulting in 
chronic complement-mediated hemolysis of affected 
erythrocytes.24 The alternative pathway, with its constant 
low-level activation state, contributes to the chronic nature 
of the hemolysis.24 Intravascular hemolysis resulting in 
moderate to severe anemia is a common clinical mani-
festation.24 In this setting, anemia also may be a result 
of bone marrow failure.24 Extravascular hemolysis of 
erythrocytes that survived intravascular hemolysis may 
also be present in patients treated with complement 5 (C5) 
inhibitors.24 Thrombosis, particularly venous thrombosis, 
also may occur in patients with PNH.24 Fatigue, dyspnea, 
hemoglobinuria, and abdominal pain are common 
symptoms of PNH.53

PNH is associated with considerable health care resource 
utilization (HCRU) and high costs, particularly among 
the many patients who depend upon red blood cell (RBC) 
transfusions.53,54 An analysis of 2014-2019 HCRU and cost 
data from IBM MarketScan Research Databases found 
that, among 151 patients 12 years and older being treated 
for PNH with eculizumab, those who were transfusion 
dependent had significantly higher all-cause direct medical 
costs than did those who were not. The adjusted per 
patient per year cost difference between those with 1 or 
more claims for blood transfusion within 6 months on or 
after the eculizumab treatment date (n = 55) and those who 
had no such claims (n = 96) was $247,848 (95% CI: $87,350-
$445,161; P = .004) (2020 US$).54

Renal Effects
IgA nephropathy, a leading cause of chronic kidney 
disease (CKD) and end-stage renal disease (ESRD), is 
the most common form of primary glomerular disease 
globally.25 In the United States, the incidence rate has been 
reported to be up to 2.3 per 100,000 persons/year.55 The 
underlying pathogenesis of IgA nephropathy is thought to 
involve complement activation leading to the formation 
of pathogenic immune complexes that result in mesangial 
deposition and glomerular injury.26 Factor H and activa-
tion of the lectin and alternative pathways also occur.26 
The disease usually follows a slow, progressive course, 
with about 30% of affected patients developing ESRD 
within 25 years of initial presentation. Current manage-
ment of IgA nephropathy focuses on supportive care to 

slow disease progression.25 More than half of affected 
patients in the United States have stage 3 or higher CKD 
at the time of diagnosis.55 Although limited information 
is available on the economic burden associated with IgA 
nephropathy in the United States, the US Centers for 
Disease Control and Prevention found that Medicare costs 
for patients with CKD were $87.2 billion in 2019; Medicare 
costs for patients with ESRD totaled an additional 
$37.3 billion.55,56

C3G
C3G is a rare, complement-mediated, membranoprolifera-
tive glomerulonephritis characterized by C3-dominant 
fragment deposition resulting from alternate pathway 
dysregulation.3,25 Patients may present with hematuria, 
kidney insufficiency, and a variable degree of protein-
uria.57 Renal outcomes are often poor; results from a 
study of renal biopsies archived at the University of Utah 
Department of Pathology from 2005 to 2015 showed that, of 
9 patients with C3G (age, ≥ 49 years) who had follow-up of 
at least 1 year, about half (n = 4) developed ESRD requiring 
chronic hemodialysis. Disease recurrence following kidney 
transplantation was also reported in 1 patient.57 The 
optimal treatment strategy for patients with C3G remains 
unclear, with current management focusing on supportive 
measures, and, in the case of moderate to severe disease, 
immunosuppression.25

Membranous Nephropathy
Membranous nephropathy is a kidney disorder associated 
with nephrotic syndrome, often caused by antibodies 
against the M-type phospholipase A2 receptor.25 
The resulting subepithelial immunoglobulin deposits and 
activation of complement via the lectin and/or alterna-
tive pathway lead to injury of the glomerular basement 
membrane.9 Although spontaneous remission of membra-
nous nephropathy may occur, some patients are at risk of 
progressive kidney function loss that results in ESRD.25,58 
Supportive therapy is the primary treatment for patients 
with membranous nephropathy and proteinuria, whereas 
immunosuppressive therapy is reserved for those at risk of 
progressive kidney injury.25

In a 2019 study of 2012-2015 US commercial health 
insurance claims data for patients with idiopathic 
membranous nephropathy (N = 2689), 16% of patients 
had ESRD, 10% underwent dialysis, and 3.5% received 
a kidney transplant.58 Costs associated with dialysis and 
kidney transplant (ie, outpatient hospital use and ESRD 
facility use) were the primary drivers of the HCRU differ-
ences seen between the 5% of patients who constituted the 
high-cost cohort (HCC) and the remaining 95% of patients 
(non high–cost cohort [NHCC]).58 The HCC incurred 
43.7% of total 1-year cost for all patients, which included 
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hospitalization, emergency department, pharmacy 
prescription, and outpatient (outpatient hospital use, 
ESRD facility use, and office visits) costs paid by the patient 
and the commercial insurance plan. Mean per-patient 
1-year costs for the HCC and NHCC were $401,608 and 
$27,154, respectively.58

aHUS
aHUS is a very rare form of thrombotic microangiopathy 
characterized by microangiopathic hemolytic anemia, 
thrombocytopenia, and acute kidney injury resulting 
from endothelial cell damage involving the kidney 
vasculature.25,42 The disease is often caused by genetic or 
acquired functional defects in complement regulatory 
proteins that lead to dysregulation of the alternative 
complement pathway at the surface of endothelial cells.25,42 
Prior to the introduction of complement inhibitors, the 
prognosis for patients with aHUS was poor, with most 
developing ESRD within 2 years of diagnosis.42 Current 
complement inhibitors offer the potential to prevent the 
progressive loss of kidney function, yet the clinical and 
treatment-related burdens associated with the disease 
remain substantial.42,59,60 

A 2022 modeling study estimated treatment costs for a 
population of patients in the United States with aHUS who 
were treated with the C5 complement inhibitors eculi-
zumab or ravulizumab (n = 100). Results of the analysis 
demonstrated that annualized discounted treatment costs 
over a lifetime for adults and their caregivers, including 
lost productivity costs, could exceed $210,000 (2020 
US$). Limitations of the study included its assumptions 
regarding patient characteristics, treatment patterns, travel 
times, and level of caregiver support.60

Lupus Nephritis
Lupus nephritis is an immune complex-mediated 
glomerulonephritis that can develop in patients with the 
autoimmune disorder systemic lupus erythematosus 
(SLE).25 Activation of different components of the comple-
ment system, including the alternative pathway, are 
thought to occur in lupus nephritis.22,27,28 The prevalence 
of lupus nephritis among patients with SLE varies 
depending upon disease severity, with 1 study reporting 
rates of 8% for patients with mild SLE and 34% for patients 
with moderate/severe SLE between 2009 and 2016.61 
The prevalence of ESRD among patients with lupus 
nephritis was 10.5% in a retrospective study of 2007-2019 
Optum medical and pharmacy claims data for patients 
who received a diagnosis of SLE, had evidence of lupus 
nephritis, and had at least 1 inpatient admission or at 
least 2 outpatient admissions separated by at least 30 days 
between January 2015 and December 2019 (N = 21,251). 
Additionally, all-cause medical costs for patients with 

lupus nephritis almost doubled during active disease 
periods (ie, during relapses or flares) compared with low 
disease–activity periods (mean, $4777/month vs mean, 
$2523/month; 2020 US$).62 Patients with ESRD had a mean 
monthly all-cause medical cost of $18,084, mainly driven 
by inpatient visit costs.62

Myasthenia Gravis
Myasthenia gravis is a neuromuscular disorder in 
which an abnormal autoimmune, antibody-mediated 
response affects the neuromuscular junction, resulting 
in muscle weakness and fatigue.63 Deposition of the 
terminal complement complex C5b-9, also known as 
the membrane attack complex, at the neuromuscular 
junction is thought to play a role in the pathogenesis of 
generalized myasthenia gravis.4,5 In 2015, the prevalence 
of myasthenia gravis in the United States was estimated 
to be 14 to 20 cases per 100,000 people; the disorder 
remains underdiagnosed, however, and the prevalence 
is likely higher.64 Patients with myasthenia gravis often 
report ocular involvement, ptosis, general fatigue, and 
weakness of arms, legs, hands, or fingers.65 Many patients 
report moderate to severe symptoms despite receiving 
chronic treatment.65

A study of Symphony Health Integrated Dataverse 
data identified US adults with at least 2 medical and/
or pharmaceutical claims associated with generalized 
myasthenia gravis between January 2014 and December 
2019 (N = 41,490). Cost analysis of HCRU related to these 
claims estimated that patients with exacerbation events 
(N = 4355) had standardized 12-month mean all-cause 
(2018 US$) costs of $43,734 and direct costs for disease 
treatments of $21,550.66

Current Treatment Landscape and Unmet Needs
The current landscape of approved therapeutics targeting 
the complement system is dominated by inhibitors of the 
classical and terminal pathways.4-8 In 2007, eculizumab 
became the first complement inhibitor to receive FDA 
approval.67 A second complement inhibitor, ravulizumab, 
was approved in 2018 and a few other agents have been 
approved more recently.5-8 In addition, several other 
drugs targeting the classical and terminal pathways are 
being developed.22,68,69

Eculizumab and ravulizumab are injectable terminal 
complement inhibitors that block the activity of C5, 
preventing the formation of the C5b-9 terminal comple-
ment complex.4,5 These agents inhibit intravascular 
hemolysis mediated by the terminal complement 
in patients with PNH and complement-mediated 
thrombotic microangiopathy in patients with aHUS.4,5 
Both agents also are approved for the treatment of 
adults with generalized myasthenia gravis who harbor 
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antiacetylcholine receptor antibodies.4,5 Eculizumab also 
is approved for the treatment of adults with neuromyelitis 
optica spectrum disorder who harbor anti–aquaporin-4 
antibodies.4 Both agents are under investigation as 
treatments for patients with one of several other 
diseases that may involve complement dysregulation 
including HELLP (hemolysis, elevated liver enzymes, 
and low platelet count) syndrome (eculizumab) and 
dermatomyositis (ravulizumab).70,71

Pegcetacoplan is an injectable C3 inhibitor approved 
for the treatment of adults with PNH.6 This agent acts 
proximally in the complement system, regulating both 
C3b-mediated extravascular hemolysis and terminal 
complement–mediated intravascular hemolysis in PNH.6 
In a phase 3 trial (NCT03500549), pegcetacoplan led to 
superior hemoglobin (Hb) level improvements compared 
with eculizumab in patients with PNH and baseline Hb 
levels less than 10.5 g/dL despite treatment with eculi-
zumab.72 This agent is currently under investigation as 
treatment for patients with geographic atrophy secondary 
to AMD, cold agglutinin disease, and other diseases.73

Sutimlimab is an injectable classical complement 
pathway inhibitor that blocks the activity of C1, inhibiting 
hemolysis in patients with cold agglutinin disease.7 
This agent was approved in 2022 to decrease RBC 
transfusion requirements due to hemolysis in adults 
with cold agglutinin disease.7 Phase 1 trials of this agent 
have been conducted in patients with chronic immune 
thrombocytopenia (NCT03275454) and with 1 of 3 other 
complement-mediated diseases (bullous pemphigoid, 
warm autoimmune hemolytic anemia, or ESRD) 
(NCT02502903).74,75

Avacopan is an oral C5a receptor antagonist that blocks 
the neutrophil activation and migration mediated by 
C5a.8 Avacopan was approved in 2021 in combination 
with standard-of-care (SOC) therapy for adults with 
severe active ANCA–associated vasculitis.8 Phase 2 trials 
of avacopan have been conducted for patients with C3G 
(NCT03301467), hidradenitis suppurativa (acne inversa) 
(NCT03852472), and IgA nephropathy (NCT02464891).76-78

Limitations of Current Therapeutics
Despite demonstrated benefits in various complement-
mediated diseases, use of inhibitors targeting the classical/
lectin and terminal pathways is associated with limita-
tions.4-6,79,80 Some patients with PNH remain anemic and 
still require transfusions despite treatment with a C5 or 
C3 inhibitor.72,80

An additional key limitation of these agents is the 
increased risk of infections resulting from blockage of the 
terminal complement pathway, which plays a key role in 
immune surveillance.2,4-6 The prescribing information for 
eculizumab, ravulizumab, and pegcetacoplan all carry 

boxed warnings concerning the potential for serious and 
potentially life-threatening meningococcal infections.4-6 
The prescribing information for pegcetacoplan also 
specifically warns about the potential for serious infec-
tions caused by encapsulated bacteria (eg, Streptococcus 
pneumoniae, Neisseria meningitidis, Hemophilus influ-
enzae type B).6 Patients should receive a meningococcal 
vaccine at least 2 weeks before initiating therapy with any 
of these agents; however, the risk of serious infection is not 
eliminated by vaccination.4-6

Due to the risk for serious infections, eculizumab, ravu-
lizumab, and pegcetacoplan are available only via a REMS 
(Risk Evaluation and Mitigation Strategy) program, which 
ensures that prescribers counsel patients on associated 
risks and that prevention strategies are in place.4-6 Although 
they do not carry a boxed warning, the prescribing infor-
mation for sutimlimab and avacopan include warnings 
about the potential for serious infections.7-8 Use of sutim-
limab may increase susceptibility to serious infections 
caused by encapsulated bacteria; pneumonia and urinary 
tract infections were the most common serious infections 
reported in patients treated with avacopan.7-8

Emerging Therapeutics Targeting 
the Alternative Pathway
Emerging agents targeting the alternative pathway of 
the complement system employ novel means of treating 
both rare diseases (eg, PNH, complement-mediated renal 
disorders) and more common conditions (eg, AMD).9-20 
Preclinical data suggest that some of these agents are 
highly selective for the alternative pathway, leaving 
the classical and lectin pathways intact, which could 
lower infection risk compared with C3 and terminal 
complement inhibitors.4-6,9,19,21

Iptacopan
Iptacopan (LNP023) is an oral small-molecule factor 
B inhibitor that was granted Breakthrough Therapy 
Designation (BTD) by the FDA for the treatment of PNH 
in 2020.9,81 At that time, iptacopan also was granted Rare 
Pediatric Disease Designation for C3G.81 Based on the 
results of in vivo and in vitro studies, iptacopan is consid-
ered to be a highly potent factor B inhibitor capable of 
blocking the activation of the alternative pathway at the 
level of the C3 convertase.9 In addition, this agent is highly 
selective for factor B without having any inhibitory effects 
on factor D or blocking activation of the classical or lectin 
complement pathways.9 In the United States, iptacopan 
is being studied in patients with PNH, C3G, AMD, aHUS, 
primary IgA nephropathy, lupus nephritis, and idiopathic 
membranous nephropathy.10-16

The BTD of iptacopan for PNH was based on positive 
interim results from two phase 2 studies that evaluated 
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the safety, efficacy, pharmacokinetics, and pharmacody-
namics of iptacopan in 2 patient populations. The first 
trial (NCT03896152) assessed outcomes in patients 
with PNH and active hemolysis who were complement 
treatment-naïve, whereas the second trial (NCT03439839) 
studied iptacopan in patients with PNH and active 
hemolysis despite treatment with SOC anticomple-
ment agents.81-83

NCT03896152 was a 2-cohort, open-label, proof-of-
concept study across centers in Korea, Taiwan, Malaysia, 
and Singapore, in patients with PNH and active hemolysis 
and no prior complement inhibitor treatment within 3 
months of enrollment.82 Based on data from 12 evaluable 
patients, all participants experienced reductions in serum 
lactate dehydrogenase (LDH) levels of at least 60% by 
week 12 compared with baseline, meeting the primary 
end point of the trial.82 This improvement corresponded 
with hematologic benefit including clinically meaningful 
improvement in mean Hb levels, and all but 1 patient (with 
preexisting myelodysplastic syndrome)remained trans-
fusion-free until at least week 12.82 None of the patients 
experienced serious or severe infectious events.82

In NCT03439839, an open-label, single-arm, phase 2 
proof-of-concept trial in Europe, iptacopan was evalu-
ated as an add-on treatment to SOC anti-C5 treatment 
with eculizumab in 10 patients with PNH and signs of 
active hemolysis despite use of eculizumab.83 After 13 
weeks of treatment with iptacopan, all patients experi-
enced improvements in LDH levels (a marker of active 
hemolysis), with reductions of 34% to 81% compared 
with baseline levels.83 Additionally, significant improve-
ments from baseline in Hb levels were observed in all 
patients in the absence of RBC transfusions (P < .0001).83 
Data from follow-up demonstrated that 7 patients were 
able to discontinue eculizumab and continue iptacopan 
monotherapy while maintaining a hematologic response 
for at least 3 months.83 All patients were vaccinated against 
N meningitidis, H influenzae, and S pneumoniae infection, 
and no serious infectious events were reported.83

Results from the phase 3 APPLY-PNH trial 
(NCT04558918) were recently presented at the 64th ASH 
Annual Meeting and Exposition on December 13, 2022, in 
New Orleans, Louisiana.84 Patients (N = 97) were randomly 
assigned 8:5 to either receive iptacopan monotherapy 
(200 mg twice daily) or to continue SOC regimen of either 
eculizumab or ravulizumab for 24 weeks. More than half 
of the patients (64.9%) had previously received treatment 
with eculizumab and 35.1% had received treatment 
with ravulizumab (mean treatment duration: 4 years). 
Iptacopan monotherapy achieved both primary end 
points and showed superiority vs SOC. A total of 85% of 
the patients treated with iptacopan (51/60) experienced 
an Hb increase from baseline of at least 2 g/dL and 70% 

(42/60) achieved an Hb of at least 12 g/dL, irrespective of 
RBC transfusions, compared with none of the patients on 
SOC (0/35) (P < .0001 for both). No deaths or treatment 
discontinuations occurred. Patients treated with iptacopan 
more frequently reported headache (16.1% vs 2.9%) or 
diarrhea (14.5% vs 5.7%) and less frequently experienced 
infestations/infections (38.7% vs 48.6%) or clinical 
breakthrough hemolysis (3.5% vs 17.1%) than did those 
treated with SOC.84 The ongoing phase 3 APPOINT-PNH 
trial (NCT04820530) is examining the safety and efficacy of 
iptacopan 200 mg twice daily as a monotherapy in patients 
who are naïve to complement inhibitor therapy.85

Iptacopan also was investigated in an open-
label, 2-cohort, phase 2 study of patients with C3G 
(NCT03832114). Results presented at the American 
Society of Nephrology 2021 Annual Meeting showed that 
primary end points were met in both cohorts.86,87 Patients 
with C3G who had received kidney transplant (native 
C3G; n = 16) experienced a 45% reduction in proteinuria 
(measured by 24-hour urinary protein-to-creatine ratio) 
from baseline (P = .0003). Patients with C3G who had 
previously received kidney transplant, and for whom 
data were available (n = 7), experienced a significant 
reduction in C3 protein deposits (obtained from kidney 
biopsy at week 12 compared with baseline) compared 
with baseline (P = .0313).87 The phase 3 APPEAR-C3G 
trial (NCT04817618), currently in the recruiting stage, 
will evaluate the efficacy and safety of iptacopan 
compared with placebo and SOC therapy in adults with 
native C3G.11,88

Iptacopan therapy also demonstrated positive results 
in patients with IgA nephropathy.89 A phase 2 trial 
(NCT03373461) met its primary end point by demonstrating 
a significant dose-response reduction of proteinuria in 
patients treated with iptacopan (n = 87) vs placebo (n = 25) 
in patients with IgA nephropathy after 90 days of treatment 
(P = .038).89,90 The phase 3 APPLAUSE-IgAN (NCT04578834) 
trial is currently recruiting patients; investigators will 
evaluate the safety and efficacy of iptacopan in patients 
with primary IgA nephropathy receiving background 
angiotensin-converting enzyme inhibitor or angiotensin 
receptor blocker therapy.15

IONIS-FB-LRX
IONIS-FB-LRX, an antisense oligonucleotide targeting 
complement factor B production by hepatocytes, is being 
studied for the treatment of geographic atrophy secondary 
to AMD and of primary IgA nephropathy.91,92 The results of 
a phase 1 trial (NCT03101878), found that multiple-dose 
subcutaneous administration of IONIS-FB-LRX was associ-
ated with dose-dependent reductions of factor B plasma 
levels of up to 72% in healthy individuals (N = 54).91 These 
results led to current recruiting for the adaptive design, 



10 FEBRUARY 2023 AJMC® Perspectives

THE COMPLEMENT SYSTEM IN RARE DISEASE THERAPEUTICS

double-masked, placebo-controlled, phase 2 GOLDEN 
study of IONIS-FB-LRX in patients with geography atrophy 
secondary to AMD.91,93 In NCT04014335, a phase 2 trial, 
among patients with primary IgA nephropathy, treatment 
with IONIS-FB-LRX was associated with positive changes 
in 24-hour urinary protein level at 29 weeks compared 
with baseline, meeting the trial’s primary end point.92,94 
Based on these findings, plans for a phase 3 trial evalu-
ating IONIS-FB-LRX in patients with IgA nephropathy 
are underway.92

Lampalizumab
Lampalizumab is an antigen-binding fragment that targets 
factor D, blocking activation of the alternative pathway 
at the level of C3 convertase.45,95 In the MAHALO phase 
2 trial (NCT01229215), patients with geographic atrophy 
due to AMD (N = 129) were randomly assigned to receive 
intravitreal lampalizumab or sham injections.95 After 18 
months, patients given lampalizumab monthly experi-
enced a 20% reduction in the mean change in progression 
of geographic atrophy area compared with patients in the 
pooled sham group (80% CI, 4%-37%; P = .117), meeting 
the prespecified significance level for this proof-of-
concept study.95

Lampalizumab was subsequently evaluated in Chroma 
(NCT02247479) and Spectri (NCT02247531), 2 identically 
designed, phase 3, randomized, multicenter trials in adult 
patients (aged ≥ 50 years) with bilateral geographic atrophy 
secondary to AMD and no prior or current evidence of 
choroidal neovascularization.96 A total of 906 patients 
in Chroma and 975 patients in Spectri were randomly 
assigned to different cohorts to receive lampalizumab or 
sham injections.96 The primary end point of adjusted mean 
change in geographic atrophy lesion area from baseline 
to 48 weeks was 1.93 to 2.09 mm2 across all groups in the 
2 studies.96 Robustness assessments for this end point 
failed to demonstrate a benefit of lampalizumab over sham 
therapy.96 In clinical subgroup analyses, no consistent 
benefit in any of the subgroups was demonstrated for 
lampalizumab over sham.96 Because these two phase 3 
trials failed to meet their primary end point, FDA approval 
for the use of lampalizumab in this setting is no longer 
being pursued.97

Danicopan
Danicopan (ALXN2040) is an oral, small-molecule, factor D 
inhibitor being studied in patients with PNH and in those 
with geographic atrophy due to AMD.18,19,98,99 In 2019, based 
on positive phase 2 (NCT03472885) trial data, danicopan 
was granted BTD by the FDA for the treatment of PNH 
as an add-on therapy to a C5 inhibitor.100,101 Danicopan 
was previously evaluated in patients with C3G, but phase 
2 data demonstrated suboptimal clinical response with 

incomplete inhibition of the alternative pathway; thus, 
this agent is no longer being studied for this indication.102 
Phase 1 safety, pharmacokinetic, and pharmacodynamic 
studies of danicopan have been completed in patients 
with hepatic or renal impairment (NCT03555539 and 
NCT04935294), although results are not currently 
available.103,104 A phase 2 trial evaluating danicopan in 
geographic atrophy due to AMD (NCT05019521) currently 
is recruiting participants.98

An international, single-arm, dose-finding, phase 2 trial 
(NCT03053102) evaluated danicopan in 10 patients with 
hemolytic PNH who were not receiving treatment with a 
complement inhibitor.105 The trial met its primary efficacy 
end point, with all patients demonstrating a significant 
reduction in mean LDH level from baseline to day 28 
(P < .001).105 Danicopan was associated with an improve-
ment in anemia, with mean Hb values increasing from 9.8 
g/dL at baseline to 10.9 g/dL at day 28 and 11.5 g/dL at day 
84 (all P < .005).105 Benefits also were observed in patient-
reported outcomes, with the mean Functional Assessment 
of Chronic Illness Therapy (FACIT)–Fatigue score among 
patients improving by 9 and 13 points at day 28 and 84, 
respectively (P < .05).105 No severe infectious events were 
reported in this trial.105

A different multicenter, open-label, phase 2 trial 
(NCT03472885) evaluated danicopan as add-on therapy 
in 12 patients with PNH who had an inadequate response 
to eculizumab.18 Findings after 24 weeks of danicopan 
treatment demonstrated a significant increase in mean 
Hb value from baseline, with a mean increase of 2.4 g/
dL (P = .0001).18 This improvement was observed by the 
second week in most patients and was sustained for the 
duration of the study.18 Although no change in the mean 
LDH level was noted, favorable results in other laboratory 
markers (eg, mean absolute reticulocyte counts, total 
bilirubin, direct bilirubin) were observed.18 Additionally, 
a clinically meaningful decrease in the number of 
patients requiring RBC transfusion was noted during 
the 24 weeks of treatment.18 Patient-reported outcomes 
also improved from baseline in patients treated with 
danipocan and included in the efficacy analysis (n = 11), 
with improvements in FACIT–Fatigue score noted at week 
24 (P = .0191).18 One serious adverse event (ie, pneumonia 
from viral bronchitis) was reported in a patient with history 
of neutropenia, although it was deemed to be unlikely 
related to danicopan treatment.18

The ongoing, phase 3 ALPHA trial (NCT04469465) is 
evaluating danicopan vs placebo as add-on treatment to 
a C5 inhibitor (eculizumab or ravulizumab) in patients 
with PNH with clinically evident extravascular hemolysis 
(Hb ≤ 9.5 g/dL and absolute reticulocyte count ≥ 120 
x 109/L).99 Based on a prespecified interim analysis, 
add-on danicopan was associated with results superior 
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to those of placebo, with the trial meeting its primary 
end point of improved Hb levels from baseline to week 
12.17 Additionally, add-on danicopan was associated with 
improvements over placebo in key secondary end points, 
such as avoidance of transfusion and change in the FACIT–
Fatigue score from baseline.17

Vemircopan
Vemircopan (ALXN2050) is an oral factor D inhibitor 
that inhibits the alternative pathway in a near complete 
and sustained manner, as demonstrated in two phase 
1 studies of healthy volunteers (NCT05047458 and 
NCT05047484).102,106-109 This agent is currently being 
studied in patients with lupus nephritis, IgA nephropathy, 
PNH, and generalized myasthenia gravis.110-112 A random-
ized, multicenter, placebo-controlled, phase 2 trial 
(NCT05097989) currently in the recruiting stage will 
evaluate vemircopan as an add-on treatment to SOC 
background therapy in adults with either lupus nephritis 
or IgA nephropathy.110 A randomized, placebo-controlled, 
phase 2 trial evaluating vemircopan in patients with gener-
alized myasthenia gravis (NCT05218096) also is currently 
recruiting.112 Outside the United States, this agent is being 
studied as monotherapy in an ongoing phase 2 trial of 
patients with PNH (NCT04170023); it includes those who 
are treatment-naïve, those who have had an inadequate 
response to eculizumab, and those who previously received 
danicopan.111 In an interim analysis, among patients 
who had completed 12 weeks of vemircopan 120 mg 
monotherapy twice daily (n = 9), mean (SD) Hg increased 
by 3.9 g/dL (1.11 g/dL); no serious or treatment-emergent 
adverse events (TEAE) of grade 3 or higher, discontinua-
tions, or deaths were reported, and headache–the most 
common TEAE–occurred in 36.4% of patients.113

BCX9930
BCX9930 is an oral factor D inhibitor that has demon-
strated complete suppression of the alternative pathway 
and blockage of both erythrocyte hemolysis and accumula-
tion of C3 fragments on PNH erythrocytes in preclinical 
studies.114 In a phase 1/2 trial (NCT04330534), BCX9930 
treatment was associated with greater than 99% suppres-
sion of the alternative pathway among both healthy 
individuals and patients with C3G.115 The ongoing phase 
2 REDEEM-1 and REDEEM-2 trials will evaluate BCX9930 
monotherapy among patients with PNH and residual 
anemia despite treatment with a C5 inhibitor and those 
not receiving complement inhibitor therapy, respectively 
(NCT05116774 and NCT05116787).116,117 Outside the 
United States, BCX9930 is being evaluated in an ongoing, 
open-label, proof-of-concept, phase 2 trial (RENEW; 
NCT05162066) among patients with C3G, IgA nephropathy, 
or membranous nephropathy.118

GT005
GT005 is an investigational, 1-time gene therapy that 
works by increasing production of the factor I protein, 
leading to decreased levels of key downstream proteins 
associated with complement system activation.20 The 
ongoing phase 1/2 FOCUS trial (NCT03846193) is evalu-
ating the safety, dose response, and efficacy of a single 
subretinal injection of GT005 administered to genetically 
defined patients with macular atrophy due to AMD.119 
Interim data from 13 patients demonstrated that most 
patients (n = 11) experienced significant increases in levels 
of factor I compared with baseline (P = .002). Significant 
average decreases of 46% were observed for vitreous levels 
of Ba protein in 11 patients and C3 breakdown proteins in 
all 13 patients, compared with baseline (both P = .001).20 
Investigators on the phase 2 HORIZON (NCT04566445) 
and EXPLORE (NCT04437368) trials are currently 
recruiting; each will evaluate 2 doses of a single subretinal 
injection of GT005 in patients with geographic atrophy 
secondary to AMD.120,121

CLG561
CLG561, an antiproperdin antigen-binding fragment that 
inhibits activation of the alternative pathway, was studied 
in patients with geographic atrophy.122,123 A phase 2, proof-
of-concept study (NCT02515942) evaluated intravitreal 
injection of CLG561 as monotherapy and with LFG316, vs 
sham injections, in 114 patients with geographic atrophy.123 
After 12 injections administered every 28 days, treatment 
with CLG561 failed to show efficacy for the primary 
outcome of change in geographic atrophy lesion size 
from baseline.123

These alternative pathway–targeting thera-
peutics under development are included in 
Table 2.9-16,18-20,22,45,81,85,91,93-95,97-100,106,107,110-112,115-123,125,126

Conclusions
Complement system dysregulation is associated with a 
wide range of diseases.1-3 Currently available comple-
ment inhibitors have demonstrated treatment benefits 
in various diseases; still, their use is associated with 
limitations, including lack of response in certain patients 
and an increased risk of infections.4-6,72,79,80,124 Alternative 
pathway–targeting therapeutics are a promising 
novel strategy to treat many complement-mediated 
diseases.9-20 Some of these agents are highly selective 
for the alternative pathway; by leaving the classical 
and lectin pathways intact, their use could result in 
a lower infection risk compared with other comple-
ment inhibitors.4-6,9,19,21 Four agents offer an oral mode 
of administration.10,18,107,115  Several ongoing trials are 
exploring the role of these promising agents in various 
diseases.10-16,98,99,120,121 ◆
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TABLE 2. Emerging Alternative Pathway–Targeting Therapeutics9-16,18-20,22,45,81,85,91,93-95,97-100,106,107,110-112,115-123,125,126 

Target Drug name(s) Mechanism of action Class
Mode of 

administration FDA approval status Active trials

Factor B

Iptacopan

(LNP023)9,81

Blocking the activation 
of the alternative 

pathway at the level 
of C3 convertase9

Small  
molecule9 Oral10

Breakthrough 
Therapy Designation 

for PNH81

Phase 3:

PNH10,85

C3 glomerulopathy11  

aHUS13

IgA nephropathy15

Phase 2:

AMD12

Lupus nephritis14

Membranous nephropathy16

IONIS-FB-LRX
91

Inhibition of factor 
B production 

by hepatocytes91

Antisense  
oligo-

nucleotide91
Subcutaneous93 —

Phase 2:

GA/AMD93

IgA nephropathy94

Factor D

Lampalizumab

(FCFD4514S)95

Inhibition of 
activation of C3bB 

proconvertase45

Antigen-binding 
fragment45

Intravitreal 
injection95

Approval not 
being pursued 
(failed trials)97

No active trials 

Phase 3 in  
GA/AMD97 completed

Danicopan

(ALXN2040, 
ACH-4471,  

ACH-0144471)18

Inhibition of the 
proteolytic activity 
of factor D against 
factor B in complex 

with C3b19

Small  
molecule19 Oral18

Breakthrough 
Therapy Designation 

for PNH100

Phase 2:

GA/AMD98

Phase 3:

PNH99 

Vemircopan

(ALXN2050, 
ACH-5228,  

ACH-
0145228)106

Inhibition of the 
alternative pathway 

by blocking cleavage 
of factor B into Ba 

and Bb106

Small 
molecule107 Oral107 —

Phase 2:

Lupus nephritis,

IgA nephropathy110

PNH111

Generalized 
myasthenia gravis112

BCX9930115
Inhibition of the 

alternative pathway 
C3 convertase115

Small 
molecule115 Oral115

Fast Track 
Designation 
for PNH125

Phase 2:

PNH116,117

C3 glomerulopathy,

IgA nephropathy,

Membranous nephropathy118

Factor I GT00520 Increases production 
of factor I20 Gene therapy20 Subretinal 

injection119

Fast Track 
Designation for GA 
due to dry AMD126

Phase 2

GA/Dry AMD119-121 

Properdin
CLG561

(NOV-7)22,122

Blocking the generation 
of C3a and C5a122

Antigen-binding 
fragment122

Intravitreal 
injection123 —

No active trials

Phase 2 in GA completed123

aHUS, atypical hemolytic uremic syndrome; AMD, age-related macular degeneration; GA, geographic atrophy; Ig, immunoglobulin; PNH, paroxysmal nocturnal hemoglobinuria.
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AJMC ®: Paroxysmal nocturnal hemoglobinuria (PNH) is 1 of 
several complement-driven diseases. Can you describe its 
clinical presentation?
DE CASTRO: PNH presents heterogeneously. One of the 3 characteristics of 
the disease is hemolysis. Patients with PNH who have hemolysis will present 
with marked fatigue that is often out of proportion to their degree of anemia. 
During the intravascular hemolysis that occurs with PNH, free hemoglobin 
binds to nitric oxide, which controls smooth muscle contraction and relaxation. 
This causes a great deal of contraction and a variety of symptoms. Patients 
experience esophageal spasms, chest pain like that of a heart attack, problems 
swallowing, and—very frequently—abdominal pain. Those are the main 
symptoms of PNH.

The second characteristic is bone marrow failure or cytopenias. Patients will 
have low white blood cell or platelet counts, which can cause other symptoms. 
The third characteristic is blood clots or thrombotic episodes. Only about 20% 
of patients with PNH will present with blood clots, but the blood clots are very 
worrisome because they can lead to morbidity and death. Up to 40% to 50% of 
untreated patients with PNH may develop a blood clot.

AJMC ®: How is PNH diagnosed?
DE CASTRO: The diagnosis begins with a clinical suspicion and is followed by 
an appropriate blood test. This is a flow cytometry–based test performed on 
peripheral blood. Oftentimes, however, there’s a delay in diagnosis, because 
most physicians have never heard of PNH or have never treated it. Many 
patients with PNH present to their physician complaining of dark urine and 
they are then referred to a urologist. Patients with PNH who have chest pain or 
abdominal pain often are referred to GI [gastrointestinal] doctors or cardiolo-
gists. By the time the patient sees a physician who specializes in hemolysis or 
who recognizes the hemolytic anemia, and the patient is referred to a hematolo-
gist who recognizes that these symptoms may be some of the manifestations of 
PNH, a delay has already occurred. This delay can lead to emotional distress on 
the patient, and can be potentially life threatening or fatal, such as when a PNH 
patient develops a serious blood clot.

AJMC ®: What clinical burden does PNH place on patients?
DE CASTRO: PNH symptoms vary widely in their severity and correlate closely 
with the ongoing hemolysis. Fatigue is very common in this disease, especially 
in untreated patients. Prior to the approval of complement inhibition therapy, 
patients with PNH universally had fatigue to some degree.

Dyspnea is another symptom of PNH, and can follow the anemia. Some 
patients develop chronic dyspnea and even develop pulmonary hypertension. 
Chronic shortness of breath is a worrisome sign.

Patients with PNH also experience flares of hemoglobinuria. Any infection 
that might raise a patient’s complement levels or any other stressor can lead 
to hemolysis and patients can have dark urine the next day. Abdominal pain, 
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which occurs when patients experience acute hemolysis, 
also seems to accompany those flares.

Severe PNH is completely debilitating. Frequently, 
patients with severe PNH experience fatigue all the time. 
Oftentimes, patients can’t work: they call in sick because 
they cannot get out of bed or are experiencing a hemolytic 
flare with dark urine. Many times, patients lose their jobs 
because of the absenteeism.

Fortunately, current treatments can alleviate these 
symptoms and allow patients with PNH to get on with 
their daily lives.

AJMC ®: Many patients with PNH require red 
blood cell transfusions. What is the time cost of 
these transfusions?
DE CASTRO: Frequency of transfusion is difficult to 
determine. In PNH, there are flares of hemolysis. Patients 
may do fine for many months and then experience a flare-
up because of a viral infection and need a transfusion. The 
anemia and the transfusion need are sporadic.

Once transfused, blood will typically last 3 to 4 weeks in a 
patient’s circulation. Many patients with PNH also experi-
ence some bone marrow failure, so they aren’t producing 
enough red blood cells [RBCs] to keep up with the losses 
from hemolysis.

After a transfusion, patients usually need a few days to 
recover, but ongoing PNH flares can continue to occur and 
lead them to feel unwell. The transfusion process also is 
costly with respect to time; it can take 4 hours. Moreover, 
many centers don’t administer transfusions on the same 
day; patients are first screened for their blood type and 
must return the next day to receive blood. For those 
patients with PNH who need them, blood transfusions 
represent a substantial time cost.

AJMC ®: Treatment of PNH has changed with 
the advent of complement inhibition. How 
have treatments such as C5 inhibitors changed 
outcomes for patients?
DE CASTRO: The change has been dramatic. The first 
C5 inhibitor, eculizumab, was approved 15 years ago. It 
is a fascinating drug. It’s a monoclonal antibody that was 
developed by cardiologists who were hoping that blocking 
complement would decrease heart damage during a heart 
attack. Thereafter, Pete Hillman, MD, PhD, investigated the 
use of eculizumab in his patients with PNH and reported in 
2004 on 11 patients who all were constantly hemolyzing—
all transfusion-dependent and very sick.1 All 11 patients 
responded very well to eculizumab; hemolysis stopped, 
they felt better, and they didn’t need transfusions anymore. 
That led investigators to the phase 3 studies of eculizumab, 
including the TRIUMPH (NCT00112983) and SHEPHERD 
(NCT00122304) studies.2,3

For many patients, treatment with eculizumab was 
life-changing. After feeling sick all the time and not being 
able to work, they suddenly had a life again and realized 
how well they could feel. Eculizumab blocked hemolysis. 
In addition, it seemed to prevent blood clots. This was 
unexpected because the cause of the blood clots in PNH 
was unknown. By blocking complement activation and 
hemolysis, we saw that patients treated with eculizumab 
experienced much less blood clotting.

The manufacturer of eculizumab then developed 
ravulizumab, which is a longer-acting monoclonal anti-
body. It also inhibits C5 at the same epitope, but instead of 
receiving maintenance doses of eculizumab every 2 weeks, 
patients could receive doses of ravulizumab every 8 weeks. 
Many patients appreciated that convenience. Eculizumab 
and ravulizumab are the 2 approved C5 inhibitors; newer 
ones are being tested in clinical trials.

AJMC ®: In some patients with PNH who have been 
treated with C5 inhibitors, hemolysis of erythrocytes 
can happen extravascularly. What is the clinical 
manifestation of extravascular hemolysis?
DE CASTRO: Extravascular hemolysis presents differently 
than does intravascular hemolysis. Patients with extravas-
cular hemolysis don’t experience dark urine, for instance.

What surprised researchers was that in many patients, 
C5 inhibition did not resolve the anemia. Patients weren’t 
experiencing flares and anemia improved; however, it did 
not resolve. Researchers discovered that, in patients who 
are treated with C5 inhibitors, PNH RBCs become coated 
with C3 fragments. These fragments are generated earlier 
in the complement cascade. The blood cells have no 
way of removing those fragments from their surface. The 
reticulo-endothelial system in the liver and spleen start to 
take up these RBCs and to destroy them in an extravascular 
manner. There’s no free hemoglobin being released, there’s 
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no hemoglobinuria, but anemia persists. For some, anemia 
is so severe that they still need transfusions. Some still 
present with serious fatigue and say: “I still feel tired. I 
don’t understand why. I’m not that anemic.” Extravascular 
hemolysis still causes fatigue, shortness of breath, and 
other symptoms.

AJMC ®: You are the principal investigator 
in 2 clinical trials examining the use of an 
alternative pathway inhibitor (danicopan [ALPHA 
trial; NCT04469465]; iptacopan [NCT04558918]) in 
patients currently or previously treated with a C5 
inhibitor.4,5 What promise do alternative pathway 
inhibitors offer patients with PNH?
DE CASTRO: Both danicopan and iptacopan act on the 
alternative pathway. Danicopan is a factor D inhibitor and 
iptacopan is a factor B inhibitor. Pegcetacoplan, which has 
been approved, targets C3. Both factor B and factor D are 
needed to activate C3; they’re part of the same point of the 
alternative pathway. Inhibiting any of these targets limits 
C3 activation considerably, which, in turn, prevents C3 
coating on the RBCs and the extravascular hemolysis that 
can occur with eculizumab and ravulizumab. Theoretically, 
inhibiting any of these 3 targets blocks both extravascular 
and intravascular hemolysis.

In patients who are suboptimal responders to a C5 
inhibitor, danicopan, iptacopan, and pegcetacoplan have 
a marked effect. The patient’s anemia improves and their 
reticulocyte counts go down; the drop in the reticulocyte 
count shows that both the intravascular hemolysis from 
C5 activation and the MAC complex and the extravascular 
hemolysis from C3 coating and opsonization are being 
stopped. These drugs hold a lot of a promise.

The other promise danicopan and iptacopan have is 
that both are administered orally, which offers patients the 
option of taking anticomplement drugs orally, at home. 
Other anticomplement drugs have either been subcuta-
neous or intravenous formulations.

AJMC ®: What does the recent history of PNH 
treatment suggest about the future of complement 
inhibitor therapy?
DE CASTRO: PNH has demonstrated that a rare disease 
can suddenly gain treatments that have high efficacy and 
low incidence of adverse effects. Researchers are now 
trying safe, easy-to-administer complement inhibitors in 
other rare diseases. Finding a safe, effective inhibitor would 
transform treatment for other complement-driven rare 
diseases; most of these diseases have very few treatments 
outside of steroids, which are not ideal.

The field is opening up. However, as soon as a question 
about these new complement inhibitors is answered, 
another question usually arises. The new upstream 

inhibitors hold a lot of promise, but older C5 inhibitors 
have been tested for 15 or 20 years. They have been proven 
to be very safe. They prevent clots, they probably improve 
survival, and their infection risk is known and addressed; 
meningitis is a major adverse effect with C5 inhibition, 
but vaccination is now standard with any complement 
inhibition, so the risk of infection is low. More time is 
needed to determine whether the newer C3 inhibitors 
are going to be safer and more effective than the older C5 
inhibitors. Conducting head-to-head trials and targeting 
therapy based upon the results of these trials also are quite 
challenging as these diseases are so rare.

Complement is involved in more diseases than 
researchers anticipated, including eye diseases, neurologic 
diseases, rheumatologic diseases, and other hematologic 
diseases. How and when to use complement inhibitors 
effectively remain big questions. This is an exciting time 
as we explore using complement inhibitors to fight 
other diseases.

AJMC ®: At the 64th American Society of 
Hematology annual meeting in December 2022, 
primary efficacy and safety data were presented 
from the phase 3 APPLY-PNH trial (NCT04558918) 
of iptacopan monotherapy.6 As an investigator on 
the trial, what do you think these recent findings 
suggest about the near-term future of alternative 
pathway inhibitor therapy?
DE CASTRO: This was a very important study and the 
first to show phase 3 data of an oral proximal complement 
inhibitor in PNH patients with a suboptimal response 
to a C5 inhibitor. The primary end points of the study 
were a rise in hemoglobin (Hb) of at least 2 g/dL from 
baseline and a stable Hb level of at least 12 g/dL. Iptacopan 
was about 80% effective in these co–end points. Other 
secondary end points such as the FACIT-F [Functional 
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Assessment of Chronic Illness Therapy-Fatigue] score also 
were improved in the iptacopan arm. Treatment with the 
Factor B inhibitor was proven safe and was associated with 
no real increase in infections or breakthrough hemolysis. 
A separate study of this drug in treatment-naïve patients 
is ongoing (NCT04820530).7 Overall though, this study 
suggests that targeting the proximal arm of complement 
appears to be quite safe and may prove to be more effective 
than targeting C5. Iptacopan has the added convenience of 
being an oral drug. This is quite an exciting development 
for treating patients with PNH. ◆

R E F E R E N C E S

1. Hillmen P, Hall C, Marsh JC, et al. Effect of eculizumab on hemolysis and transfu-

sion requirements in patients with paroxysmal nocturnal hemoglobinuria. N Engl 

J Med. 2004;350(6):552-559. doi:10.1056/NEJMoa031688

2. Eculizumab in treating patients with paroxysmal nocturnal hemoglobinuria. 

ClinicalTrials.gov. Updated May 30, 2013. Accessed December 12, 2022. https://

clinicaltrials.gov/ct2/show/NCT00112983

3. Study of safety in hemolytic paroxysmal nocturnal hemoglobinuria (PNH) patients 

treated with eculizumab. ClinicalTrials.gov. Updated February 21, 2007. Accessed 

December 12, 2022. https://clinicaltrials.gov/ct2/show/NCT00122304

4. Danicopan as add-on therapy to a C5 inhibitor in paroxysmal nocturnal hemoglo-

binuria (PNH) participants who have clinically evidence extravascular hemolysis 

(EVH)(ALPHA). ClinicalTrials.gov. Updated October 3, 2022. Accessed December 

12, 2022. https://clinicaltrials.gov/ct2/show/NCT04469465 

5. Study of efficacy and safety of twice daily oral LNP023 in adult PNH patients with 

residual anemia despite anti-C5 antibody treatment (APPLY-PNH). ClinicalTrials.

gov. Updated November 25, 2022. Accessed December 12, 2022. https://clinicaltri-

als.gov/ct2/show/NCT04558918

6. Peffault de Latour R, Roeth A, Kulasekararaj A, et al. Oral monotherapy with 

iptacopan, a proximal complement inhibitor of factor B, has superior efficacy to 

intravenous terminal complement inhibition with standard of care eculizumab 

or ravulizumab and favorable safety in patients with paroxysmal nocturnal 

hemoglobinuria and residual anemia: results from the randomized, active-com-

parator-controlled, open-label, multicenter, phase III APPLY-PNH study. Abstract 

presented at: 64th annual American Society of Hematology meeting; December 

13, 2022; New Orleans, LA. Accessed December 12, 2022. https://ash.confex.com/

ash/2022/webprogram/Paper171469.html

7. Study of efficacy and safety of twice daily oral iptacopan (LNP023) in adult PNH 

patients who are naive to complement inhibitor therapy (APPOINT-PNH). Clini-

calTrials.gov. Updated November 25, 2022. Accessed December 19, 2022. https://

clinicaltrials.gov/ct2/show/NCT04820530?term=LNP023+treatment+na%C3%AF

ve&draw=2&rank=2



22 FEBRUARY 2023 AJMC® Perspectives

THE COMPLEMENT SYSTEM IN RARE DISEASE THERAPEUTICS

Exploring Treatment With 
Anticomplement Therapeutics

A Q&A With Richard J. H. Smith, MD

AJMC ®: How has treatment of complement-driven diseases 
changed since 2007, when the first complement inhibitor, 
eculizumab, was approved?
SMITH: The development of eculizumab followed our understanding of a rare 
disease called paroxysmal nocturnal hemoglobinuria (PNH). Due to a genetic 
defect, the red blood cells of patients with PNH lack CD55 and CD59, 2 comple-
ment regulatory proteins. Because they lack CD55 (also called DAF), patients 
with PNH are susceptible to C3 convertase activity; for these patients, it’s 
essential that the tickover of the alternative pathway is controlled to avoid full-
fledged activation of complement. Lacking CD59, these patients’ erythrocytes 
are susceptible to membrane attack complex (MAC) lysis as well.

It turned out that eculizumab, a monoclonal antibody, was the perfect solu-
tion for these patients because it recognizes C5 and prevents the propagation 
of the terminal complement pathway. Treatment with eculizumab markedly 
decreases the erythrocyte lysis that occurs in patients with PNH. Therapy with 
this first-in-class complement inhibitor was approved to treat PNH in 2007 
and was subsequently approved for the treatment of atypical hemolytic uremic 
syndrome (aHUS) in 2011.

Eculizumab has profoundly changed the lives of patients with PNH and 
aHUS. With aHUS, for example, prior to the use of eculizumab, up to 50% of 
patients were dying of their disease, and these were children. With eculizumab, 
they receive treatment every 2 weeks, and they’re doing great; death is no longer 
looming at their doorstep.

These diseases were ultra-rare, but the success of eculizumab spurred interest 
in targeting different points on the complement cascade. Now, researchers are 
trying to determine whether targeting these other points will have an equally 
profound effect in PNH and other diseases.

AJMC ®: In animal studies, disruption of the complement system is 
associated with a host of diseases ranging from asthma to diabetes. Is 
there hope that these agents might treat more prevalent diseases?
SMITH: The jury is still out. Marina Vivarelli, MD, and I recently chaired a 
KDIGO (Kidney Disease Improving Global Outcomes) Controversies Conference 
on the role of complement in kidney disease. We specifically asked whether 
complement plays a primary or a secondary role in certain diseases, the level 
of evidence, and the level of interest in pushing forward with anticomplement 
therapies. We looked at diabetic nephropathy as well as FSGS (focal segmental 
glomerulosclerosis), lupus antiphospholipid syndrome, ANCA-associated 
vasculitis, immune complex MPGN (membranoproliferative glomerulone-
phritis), C3G (C3 glomerulopathy), postinfectious glomerulonephritis, IgAN 
(immunoglobulin A nephropathy), IgA-associated vasculitis, and membranous 
nephropathy. Finally, we looked at the thrombotic microangiopathy or comple-
ment-mediated forms of HUS (eg, aHUS).

Right now, the cost of eculizumab precludes researchers from investigating its 
use in a lot of different diseases, including more common ones.
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AJMC ®: Eculizumab is a C5 inhibitor. Can 
you describe the clinical value of inhibiting a 
downstream or a terminal target within the 
complement system?
SMITH: With downstream inhibition, the upstream 
initiating pathways can remain active and the upstream 
activities of C3 are preserved. C3 produces C3a, which is an 
anaphylatoxin that induces cell activation and, potentially, 
an inflammatory response. C3 also produces C3b, which is 
essential for the formation of C3 convertase; it acts as an 
opsonin and participates in the solubilization and clear-
ance of immune complexes.

Complement also has an intracellular function. In the 
end, downstream inhibitors preserve upstream functions 
in complement that are important to our immune system 
and immune defense. These functions are probably also 
important in many ways that we’re not currently aware of.

AJMC ®: Are there clinical limitations that come 
with downstream inhibition? Why is there a risk of 
meningococcal infection?
SMITH: When complement is inhibited—downstream 
or upstream—the primary role of complement, host 
defense, also is inhibited. The rapid elimination of invading 
bacteria, for instance, is inhibited. An activated comple-
ment cascade on a bacterial surface triggers a variety 
of responses that help kill the bacteria. The most rapid 
response, as I mentioned earlier, is forming MAC, which 
can kill Neisseria species within minutes. Patients who are 
receiving treatment with a complement inhibitor, whether 
it’s an upstream blocker or downstream blocker, have about 
1000 to 2000 times greater risk for meningococcal disease 
compared with otherwise healthy people in the United 
States who aren’t being treated with one.

Because of this risk, the Centers for Disease Control 
and Prevention recommends that all patients who are 
going to receive complement inhibitor therapy receive 
a meningococcal vaccine, including boosters. Although 
vaccination does not prevent all cases of meningococcal 
disease, it is still protective, and so it is important to ensure 
patients’ vaccinations are up to date. Most patients also 
are prescribed antibiotics, which add another layer of 
protection. Some patients must start complement inhibitor 
therapy immediately because of a medical emergency; 
however, for those patients for whom there is some time, 
we ensure their vaccinations are all up to date.

AJMC ®: Are there other limitations with first-
generation eculizumab that have been found in 
clinical practice? Are newer therapies adjusting for 
these limitations?
SMITH: Eculizumab is a great drug but it’s not a wonder 
drug. The complement system is exceedingly complex. 
When it isn’t working properly and something else is 
targeted to stop that perturbation, there can be unintended 
consequences. For example, when eculizumab is used 
to treat PNH, the anti-C5 therapy does not completely 
normalize hemoglobin values. That’s due to extravascular 
hemolysis. The terminal pathway is blocked, but the 
initiating pathways may not be, and this allows the PNH 
erythrocytes to become C3 fragment–positive. As a result, 
the erythrocytes are cleared by the spleen and the liver 
and removed from the circulation by phagocytes. There 
may still be some ongoing hemolysis. Research into this 
pathogenesis was spearheaded by Antonio Maria Risitano, 
MD, PhD, and others have supported his finding.

As new complement therapeutics are approved, we will 
learn more about the nuances of the complement system. 
These nuances aren’t apparent in a normal functioning situ-
ation. It’s like not having enough oil in your car, hearing the 
valves tapping, and realizing that you need to have a valve 
job. You didn’t realize you needed to have a valve job until the 
oil was low. When there is an abnormality in the complement 
cascade—as in PNH, aHUS, and other complement-
mediated diseases—that abnormality is treated by targeting 
the complement system at position X, Y, or Z. Each treatment 
may have a unique impact on the complement system and 
on the disease. Although dual therapy is too costly right now, 
dual therapy may better treat certain diseases.

AJMC ®: Since the approval of eculizumab, C3 
inhibitors, a C1 inhibitor, and a C5a inhibitor 
all have been approved. Can you explain how 
targeting upstream has the potential to change the 
treatment landscape?
SMITH: I think it’s wonderful to have a variety of comple-
ment inhibitors because the spectrum of diseases that are 
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caused by complement dysregulation is broad. Having a 
variety of inhibitors allows providers to target a patient’s 
specific disease. Providers can get the best outcome by 
prescribing an anticomplement therapy based on an 
understanding of the underlying pathophysiology.

For example, the C1 inhibitor sutimlimab has shown to 
be effective in patients with cold agglutinin disease, which 
is associated with autoimmune hemolytic anemia. Patients 
with this disease often have chronic anemia or fast fatigue 
and can have acute hemolytic crises. They also can develop 
agglutinin-mediated acrocyanosis, in which their extremi-
ties are cold and hemagglutination in the blood vessels. 
Cold agglutinin disease is caused by cold agglutinin, which 
involves IgM autoantibodies. Those IgM autoantibodies 
bind to erythrocytes. The classical pathway is triggered 
by IgM, so the C1 inhibitor is a potent therapeutic for that 
subset of patients.

Another example is the C5a inhibitor avacopan, which 
has shown to be effective in patients with ANCA-associated 
vasculitis. Patients who are ANCA-positive can experience 
life-threatening complications such as impaired kidney 
function as well as deterioration of health-related quality 
of life metrics because of organ damage. In the ADVOCATE 
trial (NCT02994927), avacopan therapy was shown to 
be equivalent to prednisone use with respect to disease 
remission at 26 weeks; avacopan therapy was superior to 
prednisone treatment with respect to sustained remission 
at 52 weeks. This is important because it is better to take a 
C5a inhibitor than to take lots of steroids.

By having several anticomplement therapeutic agents 
from which to choose and a good understanding of the 
disease process underlying complement dysregulation in 
patients with a variety of diseases, we can offer patients 
individualized therapy to ensure the best outcome.

However, because these are rare diseases, the number 
of patients is limited, so enrolling patients in trials and 
obtaining meaningful end points remains difficult. There 
also needs to be governance at the patient accrual level to 
ensure that the inhibitor matches the patient’s underlying 
pathophysiology.

AJMC ®: Eculizumab was found to be effective in 
PNH and aHUS. Newer agents like iptacopan are 
being tested in several clinical trials looking at 
treating different disease states. Is there anything 
about targeting points along the alternative 
pathway that might allow for a more diverse set of 
patients to be treated?
SMITH: Yes, there is. The alternative pathway gives us even 
more options to treat patients effectively. However, what’s 
most important is that each provider make an informed 
decision based on the patient’s complement biomarker 
profile, anticomplement autoantibodies, and genetics. 
Testing—including in vitro testing to see if the patient 
might be responsive to an agent—is a good idea, and this 
testing is doable.

When faced with a complement-driven rare disease, 
providers should reach out to laboratories and/or 
clinical experts in that disease to ask whether the use 
of anticomplement inhibitor X makes sense and, if it 
does, how patient outcomes should be measured. This is 
important because the complement system is complex. 
In many diseases, dysregulation of complement is the 
primary or secondary factor. Whether treating with an 
anticomplement agent offers patients any benefit can be 
a very nuanced question. Consequently, it is important 
to communicate with experts in those domains to move 
forward with an effective treatment plan, offer the best 
care, and utilize health care resources efficiently.

I hope lots of things stay on the formulary and that in 
vitro tests are offered to tell whether a certain anticomple-
ment therapeutic might work in a given patient.

AJMC ®: At the 64th American Society of 
Hematology (ASH) annual meeting in December 
2022, 4 papers presented findings from studies 
related to alternative pathway inhibition. All studies 
examined patients with PNH. These included 
results from a study of biomarkers associated 
with clinically meaningful hemolysis in patients 
treated with danipocan monotherapy or with 
iptacopan after eculizumab,1 interim data from 
a phase 2 trial (NCT04170023) of vemircopan 
monotherapy,2 findings from an integrated analysis 
of 2 phase 2 trials (NCT03439839, NCT03896152) 
of iptacopan therapy,3 and primary efficacy and 
safety data from the phase 3 APPLY-PNH trial 
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(NCT04558918) of iptacopan monotherapy.4 
What do these recent findings suggest about 
the near-term future of alternative pathway 
inhibitor therapy?
SMITH: Danipocan and vemircopan are both orally 
administered factor D inhibitors while iptacopan is an 
orally administered factor B inhibitor. The result is that 
these drugs inhibit the alternative pathway of comple-
ment. The impact on patients with PNH is that alternative 
pathway inhibition prevents the decoration of eryth-
rocytes with C3b, and as a consequence extravascular 
hemolysis is decreased. There are fewer C3 fragment–
positive erythrocytes, and clearance by the spleen and 
liver is reduced.

These recent results published at ASH 2022 are prom-
ising and suggest that more effective treatments for PNH 
may be on the horizon. ◆
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