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About the Patient

Patient EW is a 56-year-old woman who was diagnosed 
with paroxysmal nocturnal hemoglobinuria (PNH) 9 
years ago, at the age of 47. At diagnosis, she presented 
with significant fatigue, symptomatic anemia, intermit-
tent dark urine, and laboratory evidence of intravascular 
hemolysis. Given the extent of her symptoms and active 
hemolysis, EW was initiated on treatment with the 
complement inhibitor eculizumab.

EW initially experienced good disease control with 
eculizumab. However, approximately 3 years ago, she 
began experiencing recurrent fatigue and breakthrough 
hemolytic symptoms, particularly toward the end of 
the eculizumab dosing interval. Her treatment was sub-
sequently transitioned to ravulizumab. Although her 
overall symptoms and control of intravascular hemolysis 
improved with ravulizumab, EW continued to have 
persistent anemia despite excellent adherence to therapy. 
Her hemoglobin (Hgb) remained approximately 9.2 g/
dL, raising concern for residual extravascular hemolysis 
despite adequate terminal complement inhibition.

EW’s hematologist was an investigator in the 
ALPHA trial and discussed with her the opportunity to 
participate in the study evaluating danicopan, an add-on 
therapy to ongoing ravulizumab or eculizumab treatment. 
EW enrolled in the trial and received danicopan in addi-
tion to ravulizumab. She experienced a rapid hematologic 
response, with progressive improvement in anemia and 
an increase in Hgb to approximately 12 g/dL within the 
first 3 months of treatment. Following completion of 
the study and commercial availability of danicopan, EW 
elected to continue combination therapy.

PNH Management: A Clinical Case of Ravulizumab–
Danicopan Combination Therapy
Ilene C. Weitz, MD

EW is a citizen of the European Union and fre-
quently travels to Los Angeles to visit her daughter. She is 
diligent about maintaining her PNH treatment schedule 
while abroad, and her hematologist has previously helped 
coordinate administration of ravulizumab through a hos-
pital in Los Angeles.

During her most recent trip to the United States, 
however, EW encountered unexpected logistical difficul-
ties obtaining her scheduled ravulizumab infusion and 
ultimately was unable to receive the dose before returning 
home. She nevertheless continued taking oral danicopan 
as prescribed. By the time she returned to the European 
Union and received her next ravulizumab infusion, 
approximately 10 weeks had elapsed since her previous 
dose.

Despite this prolonged interval between ravulizumab 
infusions, EW remained clinically stable while continuing 
danicopan, without recurrence of her prior symptoms or 
clinical evidence of breakthrough hemolysis. 

Brief Overview of PNH

PNH is a rare, acquired clonal hematopoietic stem cell dis-
order characterized by uncontrolled complement activation, 
causing hemolysis, bone marrow failure, and thrombosis.1 
PNH most frequently presents in adults between 30 and 40 
years, but it can be diagnosed at any age. In an analysis of 
1610 patients enrolled in the International PNH Registry, 
the median age was 42 years, with patients ranging from 3 
to 99 years.2

PNH arises from the expansion of a hematopoietic stem 
cell clone carrying a somatic mutation in the X-linked PIGA 
gene. A functional PIGA gene is required for synthesis of  
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glycosylphosphatidylinositol (GPI), a glycolipid that anchors 
proteins to the cell surface. In red blood cells (RBCs), GPI 
deficiency results in loss from the cell surface of the GPI-
anchored complement regulatory proteins CD55 and 
CD59. Normally, CD55 regulates the formation and stabil-
ity of C3 and C5 convertases, whereas CD59 inhibits for-
mation of the membrane attack complex (MAC).3 Without 
these protective proteins, PNH blood cells become highly 
susceptible to complement-mediated injury.

The complement system, an important component of 
innate immunity, is activated through the classical, lectin, 
or alternative pathways. All 3 pathways converge at the step 
of C3 activation and subsequently proceed through the 
terminal complement pathway, including C5 activation and 
formation of the MAC.3 In PNH, persistent low-level activa-
tion of the alternative pathway, combined with loss of CD55 
and CD59, allows uncontrolled terminal complement 
activity and chronic intravascular hemolysis. Consequently, 
the release of free Hgb may contribute to nitric oxide deple-
tion–driven vascular dysfunction. White cell activation of 
both granulocytes and monocytes can lead to inflamma-
tion and cytokine release. Monocyte activation with tissue 
factor exposure induces pronounced hypercoagulability.4,5 
Complement-amplifying conditions, including infection, 
surgery, pregnancy, vaccination, and other inflammatory 
events, may further increase complement activation and 
precipitate severe hemolytic or thrombotic episodes.

Diagnosis of PNH is based on identification and 
quantification of GPI-deficient blood cells by flow cytom-
etry. Testing typically evaluates the absence of GPI-linked 
markers, such as CD59 on erythrocytes, together with 
fluorescein-labeled proaerolysin (a molecule that binds to 
GPI anchors on the surface of white blood cells) testing of 

leukocytes. Assessment of at least 2 GPI-associated markers 
across 2 cell lineages is generally recommended to establish 
the diagnosis of PNH.6

In general, PNH is diagnosed in the third or fourth 
decade of life, and is slightly more common in females 
than males. A retrospective analysis of a US claims database 
reported a mean age at diagnosis of 41.3 years, with females 
accounting for 55.3% of cases.7 PNH has an estimated prev-
alence of approximately 12 cases per million people and an 
incidence of 1 to 10 cases per million person-years, although 
its true frequency may be underestimated because of under-
recognition and delayed diagnosis.8-11 A recent systematic lit-
erature review attempted to define the global epidemiology 
of PNH, finding that annual incidence estimates appeared 
to be slightly higher than previous reports (0.17 to 0.35 per 
100,000 population).12 This analysis also found marked vari-
ability in epidemiologic literature on PNH.

PNH is a chronic disease that requires ongoing moni-
toring and, for many patients, lifelong therapy. Historically, 
management was largely supportive, including blood trans-
fusions and treatment of complications. Complement inhib-
itors have transformed PNH care by substantially reducing 
complement-mediated hemolysis and thromboembolic 
complications and improving clinical outcomes and life 
expectancy.6 Nevertheless, patients may continue to experi-
ence residual symptoms, treatment burden, breakthrough or 
extravascular hemolysis, and the need for long-term disease 
management even when PNH is otherwise well controlled.13

Managing PNH: The Advent of Complement 
Inhibitors

Prior to the introduction of complement inhibitors, PNH 

Figure 1. FDA-approved agents for the management of PNH.14-19

BID, twice daily; d, days; FDA, US Food and Drug Administration; h, hours; PNH, paroxysmal nocturnal hemoglobinuria; q2w, every 
2 weeks; q4w, every 4 weeks; q8w, every 8 weeks; t½, half-life; TID, 3 times daily; wk, week.

Terminal pathway complement inhibitors Upstream/alternative pathway inhibitors

C5 inhibitors C3 inhibitor Factor B inhibitor Factor D inhibitor

Eculizumab Ravulizumab Crovalimab

FDA approval:  
March 2007

Intravenous 
q2w

t1/2=11.3 d

FDA approval:  
December 2018

Intravenous 
q8w

t1/2=49.7 d

FDA approval:  
June 2024

Subcutaneous 
injection q4w

t1/2=53.1 d

Pegcetacoplan

FDA approval:  
May 2021 

Subcutaneous 
infusion 2x/wk

t1/2=8.6 d

Iptacopan

FDA approval:  
December 2023

 
Oral 
BID

t1/2=25 h

Danicopan

FDA approval:  
March 2024

 
Oral 
TID

t1/2=7.9 h
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treatment was largely supportive and complication-focused, 
as there was no effective strategy to target the underlying 
complement-mediated hemolysis. The PNH therapeutic 
landscape then changed in 2007 with the first approval in 
PNH of the complement inhibitor eculizumab. Because they 
target the underlying cause of PNH (complement-mediated 
destruction of PNH RBCs) instead of simply treating 
the resulting complications, complement inhibitors have 
become transformative as a treatment strategy. Only since 
their introduction have patients been able to achieve signifi-
cant reductions in hemolysis, transfusion requirements, and 
thrombosis with some patients able to completely reverse 
their transfusion dependence, and marked improvements in 
symptoms and quality of life.

Complement inhibitors can be subdivided according to 
where they act on the complement pathway (Figure 1). The 
US Food and Drug Administration (FDA) has approved 3 
terminal pathway complement inhibitors, as well as C5 bio-
similars, and 3 proximal pathway complement inhibitors for 

the treatment of PNH.14-19 Notably, significant extravascular 
hemolysis occurs as a consequence of C5 inhibition in up to 
20% to 30% of patients, clinically manifesting as symptom-
atic anemia and transfusion dependence.20-22

Terminal Pathway Complement Inhibitors 
The humanized monoclonal antibody eculizumab was 
approved in March 2007 as the first treatment for PNH.14 
It is administered intravenously weekly for the first 4 weeks, 
followed by a fifth dose 1 week later, then every 2 weeks 
thereafter. Ravulizumab was approved in December 2018, 
and is administered intravenously every 8 weeks starting 
2 weeks after the initial loading dose.15 Crovalimab was 
approved in June 2024; it is administered subcutaneously 
every 4 weeks after the completion of 4 weekly intravenously 
administered loading doses.16

Proximal Pathway Complement Inhibitors 
Although each of the 3 approved proximal pathway inhibi-
tors has a unique mechanism of action within the proximal 
pathway, they all inhibit complement activation before the 
step of C3 activation, thus preventing C3b production and 
decreasing the opsonization and clearance of RBCs. Pegce-
tacoplan, a C3 inhibitor approved in May 2021, is adminis-
tered subcutaneously twice weekly (or every 3 days in patients 
with lactate dehydrogenase [LDH] levels >2 × upper limit of 
normal).17 The first orally administered complement inhibi-
tor, iptacopan, a factor B inhibitor approved in December 
2023,18 is administered twice daily. Most recently, in March 
2024, the factor D inhibitor danicopan was approved as 
an add-on therapy to ravulizumab or eculizumab for the 
treatment of extravascular hemolysis in adults with PNH.19 
Danicopan is administered orally, 3 times daily. 

Pivotal Trials With Complement Inhibitors

The C5 inhibitors eculizumab, ravulizumab, and crovalimab 
were each evaluated as treatments for PNH over 6 months 
in randomized phase 3 trials. Eculizumab, the first of these 
agents to enter clinical development, was compared with pla-
cebo in the double-blind study TRIUMPH.23 Subsequently, 
ravulizumab was compared with eculizumab in 2 open-label 
noninferiority trials, Study 301 (in complement inhibitor–
naive patients) and Study 302 (in patients who were clini-
cally stable on eculizumab).24,25 Most recently, crovalimab 
was investigated also against eculizumab in the 2 open-label 
noninferiority studies COMMODORE 1 (which included 
complement inhibitor–experienced patients who were 
receiving eculizumab) and COMMODORE 2 (comple-
ment inhibitor–naive patients).26,27 

The C3 inhibitor pegcetacoplan was compared with 
eculizumab in the 16-week open-label PEGASUS trial 
among patients with PNH who experienced persistent  

In the Clinic…

Educate your patients with PNH on clinical 
scenarios that should cause them to reach out 
to you: 
• �New or worsening fatigue, weakness, short-

ness of breath, dizziness, or reduced ability to 
perform usual activities: may indicate worsen-
ing anemia or hemolysis

• �Dark or reddish urine: may reflect increased 
intravascular hemolysis

• �Symptoms concerning for a blood clot, such 
as unexplained swelling or pain in an extrem-
ity, chest discomfort, difficulty breathing, or 
new neurologic symptoms; thrombosis is an 
important complication of PNH and requires 
immediate evaluation

• �Signs or symptoms of infection or another 
significant inflammatory illness: may increase 
complement activation and potentially precipi-
tate worsening hemolysis

• �Return or worsening of PNH symptoms be-
tween treatment doses: may suggest inad-
equate control of complement activity

• �Persistent symptoms despite treatment: may 
indicate breakthrough hemolysis 

• �A missed, delayed, or interrupted dose of 
complement inhibitor therapy

• �Prior to surgery or another major medical 
procedure

• �When planning or becoming pregnant
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Table 1. Data from the Pivotal Phase 3 Trials of Complement Inhibitors in PNH

Agent/trial/design Efficacy endpoints Safety findings

C5 inhibitor: Eculizumab

TRIUMPH23 

Double-blind, ran-
domized trial in 87 
transfusion-dependent 
adult patients with 
PNH; eculizumab vs 
placebo; 26 weeks of 
treatment

Primary (at week 26)
• �Patients with stabilized Hgb levels in absence of transfusions: 49% vs 0% 

(P<.001)
• PRBC units transfused (median number): 0 vs 10 (P<.001)
Secondary
• Transfusion independence: 51% vs 0% (P<.001)
• �Hemolysis (median AUC for LDH plotted against time): 58,587 vs 411,822 

U/L (P<.001)
• FACIT-Fatigue (mean change): 6.4 vs –4.0 points; difference 10.4
• Reduction in thromboembolic events

No deaths on study
Serious AEs: 4 vs 9
Most common 
AEsa: headache 
(44% vs 27%), 
nasopharyngitis 
(23% vs 18%), 
back pain (19% vs 
9%)

C5 inhibitor: Ravulizumab

Study 30124 
Open-label, randomized 
trial in 246 comple-
ment inhibitor–naive 
adult patients with 
PNH; ravulizumab vs 
eculizumab; 26 weeks of 
treatment

Primary (at week 26)
• �Transfusion avoidance (transfusion-free and no transfusion requirement)b: 

73.6% vs 66.1%; difference 6.8% (Pinf<.0001)
• �Hemolysis (LDH normalization)b: 53.6% vs 49.4%; OR 1.19 (Pinf <.0001)
Secondary
• �LDH (LSM % change): –76.84 vs –76.02
• �FACIT-Fatigue (LSM change): 7.07 vs 6.40 points
• �Breakthrough hemolysis: 4.0% vs 10.7%
• �Hgb stabilization: 68.0% vs 64.5%
• �Median time to first occurrence of LDH normalization: 24 vs 29 days
• �PRBCs transfused (mean number): 4.8 vs 5.6
• �EORTC QLQ-C30 (mean change): 13.2 vs 12.9
• �MAVE: 1.6% vs 0.8%
• �FACIT-Fatigue (LSM change): 7.07 vs 6.40 points
• �Transfusion avoidance: 73.6% vs 66.1%

1 death on study in 
eculizumab arm
Serious AEs: 11 vs 9
Most common 
AEsa: headache 
(36.0% vs 33.1%), 
URTI (10.4% vs 
5.8%), nasophar-
yngitis (8.8% vs 
14.9%), nausea 
(8.8% vs 8.3%)

Study 30225 
Open-label, random-
ized trial in 197 adult 
patients with PNH who 
were clinically stable on 
eculizumab; ravulizumab 
vs eculizumab; 26 weeks 
of treatment

Primary (baseline to week 26)
LDHb (LSM % change): –0.82% vs 8.39%; difference 9.21% (Pinf <.0006)
Secondary
• �Breakthrough hemolysis: 0% vs 5.1%
• �MAVE: 0% vs 0%
• �FACIT-Fatigue (LSM change): 2.0 vs 0.54 points
• �Transfusion avoidance: 87.6% vs 82.7%
• �Hgb stabilization: 76.3% vs 75.5%
• �PRBCs transfused (mean number): 4.3 vs 3.4
• �Proportion of patients with normal LDH: 66.0% vs 59.2%
• �EORTC QLQ-C30 (mean change from baseline): 1.15 vs –1.93

No deaths on study
Serious AEs: 4 vs 8
Most common 
AEsa: headache 
(26.8% vs 17.3%), 
nasopharyngitis 
(21.6% vs 20.4%), 
URTI (18.6% vs 
10.2%)

C5 inhibitor: Crovalimab

COMMODORE 126

Open-label, randomized 
trial in 89 C5 inhibi-
tor–experienced adult 
patients with PNH 
who were receiving 
eculizumab; crovalimab 
vs eculizumab; 24 weeks 
of treatment

Primary objective of study was safety and tolerability
Secondary (through week 25)
• �Hemolysis control (assessed by LDH)c: 92.9% vs 93.7%; OR 0.88
• �Transfusion avoidancec: 79.5% vs 78.4%; weighted difference 1.8
• �Breakthrough hemolysisc: 10.3% vs 13.5%; weighted difference –3.5
• �Hgb stabilizationc: 59.0% vs 70.3%; weighted difference –10.8
• �FACIT-Fatiguec (mean change): 1.1 points vs –2.6 points; difference 3.7

No deaths on study
Serious AEs: 6 vs 1
Most common AEsa: 
transient immune 
complex reaction 
(16% vs 2%; rash, 
7% vs 0%), pyrexia 
(16% vs 2%), 
COVID-19 (14% 
vs 17%), infusion-
related reactions 
(14% vs 0%)d

Continued on next page
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anemia despite eculizumab.28 In the 26-week open-label 
phase 3 study PRINCE, patients who were complement 
inhibitor–naive were randomized to receive either pegceta-
coplan or best supportive care.29 

The factor B inhibitor iptacopan was evaluated in the 
6-month, open-label, randomized, phase 3 study APPLY-
PNH, where it was compared with continued anti-C5 

therapy in patients with PNH who experienced persistent 
anemia despite anti-C5 treatment.30 A smaller open-label, 
single-group study, APPOINT-PNH, also evaluated iptaco-
pan in patients with PNH who were complement inhibi-
tor–naive.30

The factor D inhibitor danicopan was investigated as 
part of a combination regimen in the phase 3 ALPHA study.31 

Table 1. Data from the Pivotal Phase 3 Trials of Complement Inhibitors in PNH (continued)

Agent/trial/design Efficacy endpoints Safety findings

C5 inhibitor: Crovalimab (continued)

COMMODORE 227

Open-label, 
randomized trial in 
204 complement 
inhibitor–naive 
adult patients with 
PNH; crovalimab vs 
eculizumab; 24 weeks 
of treatment

Primary (through week 25)
• �Hemolysis control (assessed by LDH)b: 79.3% vs 79.0%; OR 1.0
• �Transfusion avoidanceb: 65.7% vs 68.1%
Secondary
• �Breakthrough hemolysis: 10.4% vs 14.5%; difference –3.9
• �Hgb stabilization: 63.4% vs 60.9%; difference 2.2
• �FACIT-Fatigue (mean change): 7.8 vs 5.2; difference 2.6

3 deaths on study (2 
vs 1)
Serious AEs: 14 vs 9
Most common AEsa: 
infusion-related 
reactions (15.6% vs 
13.0%)d, neutrophil 
count decreased 
(12.6% vs 10.1%), 
WBC count decreased 
(11.9% vs 10.1%)

C3 inhibitor: Pegcetacoplan

PEGASUS28

Open-label, random-
ized trial in 80 adult 
patients with PNH 
with persistent anemia 
despite eculizumab; 
pegcetacoplan vs 
eculizumab; 16 weeks 
of treatment

Primary (baseline to week 16)
Hgb (LSM change): 2.37 g/dL vs –1.47 g/dL; difference 3.84 g/dL (P<.001) 
Secondary
• �Transfusion avoidance: 85% vs 15% (P<.001)
• �ARC (LSM change): –136 × 109/L vs 28 × 109/L
• �LDH (LSM change): –15 vs –10
• �FACIT-Fatigue (LSM change): 9.2 points vs –2.7 points; difference 11.9

No deaths on study
Serious AEs: 7 vs 6
Most common AEsa: 
diarrhea (22% vs 
3%), injection-site 
erythema (17% vs 
0%), abdominal 
pain (12% vs 10%), 
injection-site reaction 
(12% vs 0%)

PRINCE29

Open-label, 
randomized trial 
in 53 complement 
inhibitor–naive adult 
patients with PNH; 
pegcetacoplan vs 
supportive care only; 
26 weeks of treatment

Primary
• �Hgb stabilization: 85.7% vs 0% (P<.0001)
• �LDH (LSM change): –1870.5 U/L vs –400.1 U/L; difference –1470.4 U/L 

(P<.0001)
Secondary
• �Increase in Hgb of ≥1 g/dL: 71.4% vs 5.6%; difference 54.1 (P<.0001)
• �ARC (LSM change): –123.3 × 109/L vs –19.4 × 109/L; difference –103.8 

(P=.0002)
• �Hgb (LSM change): 2.9 vs 0.3; difference 2.7 (P=.0019)
• �Patients who received transfusion and/or had a >2 g/dL decrease in Hgb 

level: 11.4% vs 100% (P<.0001)
• �Transfusion avoidance: 91.4% vs 5.6%; difference 72.4 (P<.0001)
• �Transfused unitse (median number): 21 vs 59 (P<.0001)
• �FACIT-Fatigue (LSM change): 7.8 points vs 3.3 points; difference 4.5 

(P=.0610)
• �EORTC QLQ-C30 (LSM change): 18.9 points vs –2.9 points; difference 

21.8 (nominal P=.0006)
• �ARC normalization: 60.0% vs 5.6%; difference 46.4 (nominal P=.0002)
• �Hgb normalization: 45.7% vs 0% (nominal P=.0010)
• �LDH normalization: 65.7% vs 0% (nominal P<.0001)

2 deaths on study (1 
vs 1)
Serious AEs: 4 vs 3
Most common AEsa: 
hypokalemia (13.0% 
vs 11.1%), dizziness 
(10.9% vs 0%), fever/
pyrexia (8.7% vs 0%)

Continued on next page
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Table 1. Data from the Pivotal Phase 3 Trials of Complement Inhibitors in PNH (continued)

Agent/trial/design Efficacy endpoints Safety findings

Factor B inhibitor: Iptacopan

APPLY-PNH30

Open-label, random-
ized trial in 97 adult 
patients with PNH with 
persistent anemia despite 
anti-C5 treatment; 
iptacopan vs continued 
anti-C5 therapy; 24 
weeks of treatment

Primary
• �Increase in Hgb level of ≥2 g/dL from baseline without RBC  

transfusione: 82% vs 2%; difference 80% (P<.001)
• �Hgb level of ≥12 g/dL without RBC transfusionf: 69% vs 2%; difference 

67% (P<.001)
Secondary
• �Transfusion avoidance: 95% vs 26%; difference 69% (P<.001)
• �FACIT-Fatigue (LSM change): 8.6 points vs 0.3 points; difference 8.3 

(P<.001)
• �ARC (LSM change): –115.8 × 109/L vs 0.3 × 109/L (P<.001)
• �LDH (mean % change): –3.5% vs –2.4%
• �Adjusted annual rate of clinical breakthrough hemolysis: 0.1 vs 0.7; 

ARR 0.1 (P=.006)
• �MAVE: 1 vs 0 events

No deaths on study
Serious AEs: 6 vs 5
Most common AEsa: 
headache (16% vs 3%), 
diarrhea (15% vs 6%), 
nasopharyngitis (11% 
vs 6%)

APPOINT-PNH30

Open-label, single group 
trial in 40 complement 
inhibitor–naive adult 
patients with PNH; 
iptacopan; 24 weeks of 
treatment

Primary
Increase in Hgb level of ≥2 g/dL from baseline without RBC transfusione: 
92%
Secondary
• �Hgb level of ≥12 g/dL without RBC transfusion: 63%
• �Transfusion avoidance: 98%
• �FACIT-Fatigue (LSM change): 10.8 points
• �ARC (LSM change): –82.5 × 109/L
• �LDH level (mean % change): –83.6%
• �Adjusted annual rate of clinical breakthrough hemolysis: 0 events
• �MAVE: 0 events

No deaths on study
Serious AEs: 4
Most common AEs: 
headache (28%), 
COVID-19 (15%), 
URTI (12%)

Factor D inhibitor: Danicopan

ALPHA31

Double-blind, random-
ized trial in 73 adult 
patients with PNH and 
clinically significant 
extravascular hemolysis 
despite ravulizumab or 
eculizumab; danicopan 
vs placebo, both added 
to ravulizumab or 
eculizumab; 12 weeks of 
treatment

Primary (baseline to week 12)
Hgb (LSM change): 2.94 g/dL vs 0.50 g/dL; difference 2.44 g/dL 
(P<.0001)
Secondary
• �Hgb increase of ≥2 g/dL in absence of transfusion: 60% vs 0%; differ-

ence 47 (P<.0001)
• �Transfusion avoidance: 83% vs 38%; difference 42 (P=.0004)
• �FACIT-Fatigue (LSM change): 8.0 vs 1.9; difference 6.1 (P=.0021)
• �ARC (LSM change): –83.8 vs 3.5 × 109/L; difference –87.2 (P<.0001)
• �PRBC units transfused (LSMD in number): –1.22 (P=.0092)
• �Transfusions (LSMD in number): –0.67 (P=.026)
• �Bilirubin (LSMD): Total: –7.62 (P=.010); Direct: –3.18 (P<.0001)
• �PNH RBC clone size (LSMD): 27.63 (P=.0010)
• �C3 fragment disposition on PNH RBCs (LSMD): –16.20 (P=.0044)
• �LDH (LSMD change): –20.57 U/L
• �Hgb normalization: 29% vs 0% (P=.0080)

No deaths on study
Serious AEs: 2 vs 1
Most common AEsa: 
headache (10% vs 4%), 
diarrhea (8% vs 13%), 
COVID-19 (4% vs 
0%), increased ALT 
(4% vs 0%), increased 
AST (4% vs 8%), 
neutropenia (4% vs 
0%)

aTop 3 most frequent AEs reported in the test arm. bNoninferiority endpoints; if present, post hoc P values were calculated for testing of noninferiority 
(Pinf). cExploratory efficacy analysis. dInfusion-related reactions are less likely to occur in patients already stabilized on eculizumab. eDefined as any 
transfusion of RBCs, leukocyte-depleted PRBCs, leukocyte-poor PRBCs, leukocyte-poor blood, or whole blood. fMeasured on at least 3 of 4 assessments 
between days 126 and 168.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ARC, absolute reticulocyte count; ARR, annualized rate ratio; 
COVID-19, coronavirus 2019; EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core 
30; FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy–Fatigue; Hgb, hemoglobin; LDH, lactate dehydrogenase; LSM, least squares 
mean; LSMD, least squares mean difference; MAVE, major adverse vascular event; OR, odds ratio; PNH, paroxysmal nocturnal hemoglobinuria; PRBC, 
packed red blood cell; RBC, red blood cell; URTI, upper respiratory tract infection; WBC, white blood cell.
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The design of these trials, and the efficacy and safety 
data reported from their primary analyses, are reported in 
Table 1. As danicopan was used to treat the patient EW, the 
ALPHA study is described in greater detail in the following 
section.

The ALPHA Trial
The phase 3 ALPHA study was a double-blind, interna-
tional, randomized, and placebo-controlled superiority trial 
conducted in patients with PNH who also showed clinically 
significant extravascular hemolysis despite ongoing treat-
ment with either ravulizumab or eculizumab.31 In ALPHA, 
the oral factor D inhibitor danicopan was compared with 
placebo as an add-on treatment to intravenous eculizumab 
or ravulizumab.

Adult patients with PNH were eligible for enrollment 
if they had clinically significant extravascular hemolysis, 
defined as a Hgb level less than or equal to 9.5 g/dL and an 
absolute reticulocyte count of at least 120 × 109/L. Patients 
were required to have received either ravulizumab or eculi-
zumab for a minimum of 6 months prior to beginning study 
treatment. Other eligibility criteria included platelets of at 
least 30,000/μL without platelet transfusion and an ANC 
of at least 500/μL. Patients were required to have been vac-
cinated against Neisseria meningitidis in the 3 years prior to 
the study.

Patients were excluded from enrollment if they had a 
history of a major organ transplant or a hematopoietic stem 
cell transplant (HSCT), or they had currently or previously 
had relevant comorbidities, aplastic anemia, or other bone 
marrow failure requiring HSCT or other therapies. Other 
exclusion criteria included complement deficiency, underly-
ing bleeding disorders, or other non-PNH conditions caus-
ing anemia. Patients were also excluded if they had biliary 
cholestasis, untreated hepatitis B or hepatitis C virus infec-
tion, or HIV.

Between December 2020 and August 2022, patients 
were randomized (2:1) to treatment with either danicopan 
(n=49) or placebo (n=24), both administered in addition 
to their background therapy (either ravulizumab or eculi-
zumab). At randomization, patients were stratified accord-
ing to transfusion history in the 6 months prior (>2 vs ≤2), 
hemoglobin (<8.5 g/dL vs ≥8.5 g/dL), and whether the 
patient was enrolled from Japan (yes vs no; this latter factor 
was implemented to address Japanese drug submission regu-
latory requirements). Danicopan was administered orally 
(150 mg 3 times daily); dose escalation to 200 mg 3 times 
daily was permitted at weeks 6, 12, and 18 according to 
clinical response and per investigator discretion. The double-
blind portion of the study comprised a 12-week treatment 
period, after which the study was unblinded and patients in 
the placebo arm were switched to treatment with danicopan 
in addition to ravulizumab or eculizumab, while patients in 

the danicopan arm continued danicopan treatment in addi-
tion to background therapy. This second treatment phase 
lasted an additional 12 weeks.

Overall, patient demographics and clinical characteris-
tics were similar between the 2 treatment arms at baseline—
median age (57.0 years and 55.0 years), females (57% and 
63%), White (43% and 42%) or Asian (43% and 38%), 
baseline Hgb level (7.61 g/dL and 7.87 g/dL), mean abso-
lute reticulocyte count (ARC; 251.98 × 109/L and 229.61 
× 109/L), and mean LDH (299.25 U/L and 275.83 U/L) 
in the danicopan and placebo arms, respectively. In the 6 
months prior to screening, 100% of patients in both arms 
had received an infusion (43% and 38%, respectively, had 
received >2 transfusions). At baseline, more patients in both 
arms were receiving ravulizumab (65% and 54%) than ecu-
lizumab.

The primary endpoint, change from baseline to week 
12 in Hgb concentration, was met; patients in the danico-
pan arm showed a significantly larger increase in the least 
squares mean (LSM) change compared with the placebo arm 
(2.94 g/dL vs 0.50 g/dL; difference of 2.44 g/dL, P<.0001). 
The study authors noted that a mean difference of at least 2 
g/dL was considered clinically meaningful. Mean Hgb dif-
ferences in Hgb levels were observed as early as week 1 in the 
danicopan arm (1.19 g/dL; P<.0001), becoming clinically 
meaningful by week 2.

Danicopan was associated with significantly improved 
outcomes across all 4 key secondary endpoints assessed at 
week 12 compared with placebo—Hgb increase of at least 2 
g/dL in the absence of transfusion (60% and 0%; adjusted 
difference, 47%, P<.0001), transfusion avoidance (83% and 
38%; adjusted difference, 42%, P=.0004), improvement in 
LSM change in Functional Assessment of Chronic Illness 
Therapy–Fatigue scale (8.0 points vs 1.9 points; adjusted 
difference, 6.1, P=.0021), and LSM change in ARC from 
baseline (–83.8 × 109/L and 3.5 × 109/L; adjusted difference, 
–87.2 × 109/L, P<.0001).

Danicopan was also associated with improved outcomes 
across other secondary efficacy endpoints, also assessed at 
week 12, vs placebo—reduced transfusion requirements, 
demonstrated both by a significantly larger reduction in the 
number of RBC units transfused from baseline to week 12 
(LSMD, –1.22; P=.0092) as well as by the number of trans-
fusions performed between the 2 treatment arms (LSMD, 
–0.67; P=.026); increase in PNH RBC clone size (LSMD, 
27.63; P=.0010); reduced magnitude of C3 fragment depo-
sition (LSMD, –16.20; P=.0044); better control of intravas-
cular hemolysis, evidenced by greater reductions in LDH 
compared with placebo (LSMD, –20.57 U/L); lowered bili-
rubin levels measured as both total bilirubin (LSMD, –7.62; 
P=.010) and direct bilirubin (LSMD, –3.18; P<.0001); and 
Hgb stabilization (29% vs 0%; P=.0080).

An exploratory analysis of quality of life demonstrated 
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Table 2. Long-Term Studies of Complement Inhibitors in PNH

Study description Efficacy findings/Safety findings

Eculizumab

Participants from 1 of 
3 trials (TRIUMPH, 
SHEPHERD, or a phase 
2 study)34; 36-month 
cutoff

Patients treated with eculizumab ≥26 weeks (n=195): 36-month estimated survival, 97.6%; LDH 
(median), 279 U/L (86.9% reduction from baseline); Hgb (mean in last 3 months of treatment), 
10.6 g/dL; transfusion independence (last 6 months of treatment), 82.1%; PRBCs transfused (mean 
units in last 3 months of treatment), 2.4
Most frequently reported TEAEs in all patients: headache (54.9%), nasopharyngitis (49.7%), URTI 
(41.0%), diarrhea (34.9%), nausea (32.3%)

International PNH 
registry data analysis39; 
≥14 years of overall 
follow-up

Patients treated with eculizumab ≥35 continuous days (n=1613): 49% increase in survival compared 
with untreated patients; HR 0.51 (95% CI, 0.41 to 0.64)

Retrospective real-world 
study40; mean follow-up 
5.6 years

Patients treated with eculizumab ≥24 weeks (n=76); all values for final 24-week period of follow-up: 
complete/major hematologic responsea rate, 22.9%/5.7%; transfusion avoidance, 69.4%; LDH <1.0 
× ULN, 27.3%; Hgb ≥12 g/dL, 30.3%; ARC <1.0 × ULN, 19.3%
Infections reported in 58% of patients; overall infection rate of 28.7 per 100 PY; 4 deaths reported

Ravulizumab (Longest study data published with complement inhibitors in PNH)

OLE periods of Study 
1 and Study 2 pivotal 
trials33; up to 6 years of 
follow-up

C5 inhibitor–naive patients (n=243) and eculizumab-experienced patients (n=191): 4-year survival 
rate, 97.7% and 98.4%; MAVE rate, 1.4 per 100 PY and 0.7 per 100 PY; mean LDH, 290.3 U/L 
(85.4% reduction from baseline) and 243.9 U/L; breakthrough IVH rate, 1.0 per 10 PY and 1.0 per 
30 PY; transfusion avoidance, 53.9% and 70.7%
Most frequently reported TEAEs in all patients: headache (29.8%), URTI (25.9%), nasopharyngitis 
(23.9%), pyrexia (20.2%), fatigue (14.0%)

Crovalimab

OLE period of phase 
1/2 COMPOSER 
trial35; median treatment 
duration of 3 years

Crovalimab-treated patients (n=43): LDH ≤1.5 × ULN across 24-week intervals, 80% to 100%; 
transfusion avoidance across 24-week intervals, 83% to 92%; Hgb stabilization across 24-week 
intervals, 79% to 88%; breakthrough hemolysis, 0.05 events per PY
Any-grade TRAE: 32%; serious TRAE: 5%; most frequently reported TEAEs: headache (7%), 
urticaria (5%), viral infection (5%)

OLE period of COM-
MODORE 2 pivotal 
trial41; up to 2 years of 
follow-up

Crovalimab-treated patients who were originally C5 inhibitor–naive (n=197): LDH ≤1.5 × ULN across 
24-week intervals, 74% to 88%; transfusion avoidance across 24-week intervals, 68% to 82%; Hgb 
stabilization across 24-week intervals, 62% to 73%; breakthrough hemolysis across 24-week intervals, 
5% to 16%
Treatment-related AEs: 68.4 per 100 PY; grade ≥3 AEs: 55.9 per 100 PY; serious AEs: 29.8 per 100 PY

C3 inhibitor: Pegcetacoplan

OLE periods of 
PEGASUS and PRINCE 
pivotal trials36; up to 3 
years of follow-up

Transfusion avoidance: C5 inhibitor–experienced patients (n=80), 71.2% to 79.2%; C5 inhibitor–
naive patients (n=52), 79.5% to 86.4%
Both groups: mean Hgb concentrations and durable reductions in median LDH concentrations close 
to the LLN; mean ARC and mean indirect bilirubin levels reached below the ULN
Reported in all patients: hemolysis (49.2%), COVID-19 (25.0%), diarrhea (18.9%), headache 
(17.4%), nasopharyngitis (16.7%)

OLE study included 
patients from 
PHAROAH and 
PADDOCK (phase 1), 
PALOMINO (phase 
2), and PEGASUS and 
PRINCE (phase 3)42; 
48-week cutoff

Patients treated with pegcetacoplan (n=137): transfusion avoidance, 83.2%; Hgb >12 g/dL, 40.2%; 
LDH normalization, 67.0%
Most common TEAEs reported in all patients: hemolysis (16.8%), fatigue (5.8%), URTI (5.1%), 
UTI (5.1%), nasopharyngitis (5.1%), headache (5.1%), anemia (5.1%), injection-site erythema 
(5.1%)

Continued on next page
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significant improvements in change from baseline to week 
12 with danicopan vs placebo in the European Organisation 
for Research and Treatment of Cancer Quality of Life Ques-
tionnaire Core 30 subscales of physical functioning (LSMD, 
10.94; P=.0067); social functioning (LSMD, 14.13, 
P=.017); and fatigue symptoms (LSMD, –14.60, P=.019).

Among the treatment-emergent adverse events (TEAEs) 
reported in at least 5% of danicopan-treated patients, head-
ache (10% vs 4% in placebo-treated patients) and diarrhea 
(8% vs 13%) were the most common. Grade 3 TEAEs 
occurred in 14% vs 13% of patients in the danicopan and 
placebo arms, respectively; no grade 4 or grade 5 TEAEs 
occurred. Two patients in the danicopan arm discontinued 
treatment owing to a TEAE considered study drug-related: 1 
patient did and 1 patient did not recover from increased liver 
enzyme concentrations.

Long-Term Data With Complement Inhibitors

Long-term data with complement inhibitors demonstrate 
sustained efficacy in controlling PNH, with durable trans-
fusion avoidance, stable Hgb levels, and low LDH levels. 
This was shown in a systematic review and meta-analysis, 
which analyzed data from 27 studies and stratified findings 
according to duration of therapy.32 Among a total of 917 
treatment-naive patients with PNH who initiated therapy 
with a complement inhibitor, treatment with any comple-
ment inhibitor was associated with transfusion avoidance 
in at least 50% of patients with PNH (pooled estimate for 

transfusion avoidance was 0.61 [95% CI, 0.50 to 0.70] for 
patients treated for 26 weeks or less, and 0.65 [95% CI, 
0.48 to 0.79] for patients treated for more than 26 weeks). 
Mean Hgb levels were increased by 1.4 g/dL in patients who 
had been treated for 26 weeks or less, and were increased by 
1.9 g/dL in those treated longer than 26 weeks. LDH levels 
(pooled estimates) were lowered from baseline by –1462.0 
U/L in those treated for 26 weeks or less and by –1696.5 
U/L among patients treated for longer than 26 weeks.

The long-term efficacy and safety of complement 
inhibitors has also been reported for the individual agents 
(Table 2).33-42

The longest available long-term data is with ravuli-
zumab.33 Over a 6-year follow-up period, patients receiving 
ravulizumab experienced durable control of both terminal 
complement activity and intravascular hemolysis. These out-
comes were demonstrated in both eculizumab-experienced 
and C5 inhibitor–naive patients, with a mean LDH level at 
6 years of 243.9 U/L and 290.3 U/L, respectively. The 4-year 
survival rate reached 98.4% in eculizumab-experienced 
patients, and 97.7% in C5 inhibitor–naive patients. These 
high survival rates were accompanied by a low incidence of 
major adverse vascular events (0.7 and 1.4 events per 100 
patient-years, respectively) and a low rate of breakthrough 
intravascular hemolysis (1.0 events per 30 patient-years and 
1.0 events per 10 patient-years, respectively). These break-
through events were primarily associated with complement-
amplifying conditions; just 2 events were associated with 
suboptimal C5 inhibition.

Table 2. Long-Term Studies of Complement Inhibitors in PNH (continued)

Study description Efficacy findings/Safety findings

Factor B inhibitor: Iptacopan

Final results and OLE 
of APPLY-PNH and 
APPOINT-PNH pivotal 
trials37; 48-week cutoff

Patients treated with iptacopan (n=137): Hgb (mean), 12.1 g/dL to 13.2 g/dL; LDH (mean), 293.8 
U/L to 358.3 U/L; ARC (mean), 78.5 × 109/L to 80.8 × 109/L
Most common TEAEs reported in iptacopan-treated patients (not including those who switched 
from an anti-C5 therapy): COVID-19 (23% to 29%), headache (19% to 30%), nasopharyngitis or 
URTI (18%), diarrhea (15% to 16%)

Factor D inhibitor: Danicopan

Final results of the 
ALPHA pivotal trial38; 
72-week cutoff

Patients treated with add-on danicopan (n=57) and patients treated with add-on placebo then 
switched to danicopan (n=29): Hgb (change from baseline), 2.8 g/dL and 2.3 g/dL; ARC (change 
from baseline), –80 × 109/L and –55 × 109/L; LDH (mean), 274 U/L and 299 U/L; transfusion 
avoidance (weeks 48 to 72), 80.0% and 79.2%
Overall: breakthrough hemolysis, 6 events per 100 PY
Most common TEAEs reported in all patients: COVID-19 (31.0%), pyrexia (26.2%), headache 
(21.4%), nausea (15.5%), diarrhea (14.3%)

aComplete response defined as no transfusions required, stable Hgb in the normal range, and no evidence of hemolysis (ie, LDH ≤1.5 × ULN, ARC 
≤150,000/μL). Major response was defined as no transfusion, normal Hgb, but with evidence of hemolysis (LDH >1.5 × ULN and/or ARC >150,000/μL).
ARC, absolute reticulocyte count; Hgb, hemoglobin; HR, hazard ratio; IVH, intravascular hemolysis; MAVE, major adverse vascular event; LDH, 
lactate dehydrogenase; LLN, lower limit of normal; OLE, open-label extension; PNH, paroxysmal nocturnal hemoglobinuria; PY, patient-years; TEAE, 
treatment-emergent adverse event; TRAE, treatment-related adverse event; ULN, upper limit of normal; URTI, upper respiratory tract infection; UTI, 
urinary tract infection.
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Long-term efficacy and safety results (72-week follow-
up of the phase 3 ALPHA trial) with danicopan as add-on 
therapy to ravulizumab or eculizumab in patients with PNH 
with clinically significant extravascular hemolysis38 included 
patients who received only add-on danicopan and also 
patients who switched from add-on placebo to add-on dani-
copan after week 12. Overall, add-on danicopan was associ-
ated with sustained improvements in Hgb levels, ARC levels, 
and LDH levels. Breakthrough hemolysis events occurred at 
a rate of 6 events per 100 patient-years and no new safety 
signals were observed.

Monotherapy vs Combination Therapy 
Considerations

Although complement inhibitors can provide effective initial 
disease control in PNH, some patients may subsequently 
experience recurrence of signs and symptoms associated with 
intravascular hemolysis. This clinical situation, referred to as 
breakthrough hemolysis, can occur through several mecha-
nisms. It is important to identify the mechanistic cause of a 
breakthrough hemolysis event in a patient, as this drives the 
appropriate treatment response.43

Pharmacokinetic breakthrough hemolysis may develop 
when circulating concentrations of a C5 inhibitor fall below 
the threshold level required for adequate complement sup-
pression. The result is transient loss of control of intravas-
cular hemolysis. The size of the GPI-deficient RBC clone 
may impact the risk of this mechanism for breakthrough 
hemolysis, owing to the large reservoir of RBCs that forms 
even during treatment with clinically effective complement 
inhibition.43 Classically, this form of breakthrough hemoly-
sis is associated with eculizumab, owing to its fixed every-2-
week dosing, wherein it typically presents near the end of a 
dosing interval.44 Management of this form of breakthrough 
hemolysis involves either dose escalation or shortening of the 
interval duration.43 

In contrast, pharmacodynamic breakthrough hemolysis 
may occur when a complement-amplifying event (such as 
infection, inflammation, surgery, or pregnancy) induces 
complement activation to a degree that exceeds the inhibi-
tory capacity of otherwise therapeutic levels of circulating 
C5 inhibitor agents. Pharmacodynamic breakthrough 
overwhelms the proximal monotherapy inhibition, clinically 
manifesting as intravascular hemolysis owing to the lack of 
terminal pathway blockade. Clinically, these episodes may 
be particularly severe, requiring intensive management.45 
Pharmacodynamic-driven breakthrough hemolysis is con-
sidered a class-wide risk of both terminal and proximal 
complement inhibitors.43 

Patients with PNH may also experience extravascular 
hemolysis as a mechanistic consequence of C5 inhibition.46 
Although terminal complement blockade prevents forma-

tion of the MAC and protects GPI-deficient RBCs from 
intravascular destruction, upstream complement activity 
may persist. Continued deposition of C3 fragments on sur-
viving GPI-deficient RBCs can promote their opsonization 
and the subsequent lysis and clearance of these cells through 
extravascular mechanisms.47 Clinically, extravascular hemo-
lysis may present as persistent anemia or continued transfu-
sion requirements, often accompanied by low hemoglobin 
and elevated reticulocyte counts after other potential causes 
of anemia have been excluded. Breakthrough hemolysis 
owing to this mechanism is often clinically conspicuous, 
because of the large number of sensitized RBCs that have 
accumulated under seemingly effective treatment.43 

There is a risk for breakthrough hemolysis across all 
complement inhibitors, but to a varying degree. Break-
through hemolysis occurs with a frequency of 10% to 15% 
over 6 months with eculizumab, crovalimab, or pegcetaco-
plan, and in fewer than 5% of patients treated with ravuli-
zumab, iptacopan, or danicopan plus eculizumab or ravuli-
zumab.48 Breakthrough hemolysis may also have important 
clinical consequences, including pronounced fatigue that 
can negatively affect patient functioning and quality of life. 
It also markedly increases the risk of adverse vascular out-
comes (such as thrombosis) or organ damage.48

Another scenario that may induce breakthrough 

In the Clinic…

Potential clinical scenarios when combination 
therapy may be preferred:
• �Persistent anemia despite adequate control 

of intravascular hemolysis with a C5 inhibitor, 
particularly when laboratory findings are con-
sistent with ongoing extravascular hemolysis

• �Continued transfusion requirements during 
C5 inhibitor therapy, suggesting that terminal 
complement blockade alone is not providing 
sufficient control of RBC loss

• �Evidence of C3-mediated extravascular hemo-
lysis; added proximal inhibition can reduce 
C3 deposition that occurs upstream of C5 
blockade

• �Clinically meaningful residual PNH symp-
toms associated with persistent anemia, such 
as fatigue, weakness, or reduced functional 
capacity, despite otherwise effective terminal 
complement inhibition

• �Suboptimal hematologic response to C5 inhibi-
tor monotherapy, where hemolysis control has 
improved but Hgb normalization or transfu-
sion independence is not present
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hemolysis is when switching from one complement inhibi-
tor to another. Notably, pegcetacoplan monotherapy switch-
ing was associated with severe breakthrough hemolysis in 
about 24% of patients in the PEGASUS study.48 As a result, 
switch protocol must be carefully considered and require 
mandatory overlap. For example, when switching a patient 
from eculizumab to pegcetacoplan, the latter agent must be 
initiated while continuing eculizumab, discontinuing the 
eculizumab after 4 weeks of pegcetacoplan.

Delayed or missed administration of complement 
inhibitor therapy is an important situation in which mono-
therapy may fail to provide continuous protection from 
hemolysis. The efficacy of terminal C5 inhibition depends 
on maintaining adequate drug trough concentrations 
throughout the dosing interval to fully sustain suppression 
of MAC formation. Even relatively brief interruptions 
in therapy may permit complement activity to reemerge, 
particularly when accompanied by infection, inflammation, 
physiologic stress, or other complement-amplifying condi-
tions. When drug concentrations fall below the inhibitory 
threshold, GPI-deficient RBCs once again become suscep-
tible to complement-mediated destruction.

Dual complement inhibition targeting both the early 
(proximal) and late (terminal) components of the comple-
ment cascade may provide broader control of hemolysis. 
Terminal inhibition can prevent MAC-mediated intravas-
cular hemolysis, whereas proximal inhibition can reduce 
the upstream C3 fragment deposition driving extravascular 
hemolysis. By addressing both pathways, combined comple-
ment inhibition has the potential to provide more compre-
hensive control of hemolysis, reduce breakthrough events 
and ongoing extravascular hemolysis, increase the likelihood 
of transfusion independence, and ultimately improve clini-
cal outcomes for patients with PNH.

Add-on strategies, such as danicopan added to ecu-
lizumab or ravulizumab, maintains continuous terminal 
complement protection and prevents the breakthrough 
hemolysis that might develop if the patient were simply 
switched from one of these agents. This scenario is exem-
plified in a case report of 2 patients who remained anemic 
despite ravulizumab monotherapy.49 Both patients showed 
high reticulocyte counts and experienced significant 
fatigue. The first patient, a 70-year-old female, had been 
diagnosed more than a decade earlier with PNH and an 
associated refractory anemia myelodysplastic syndrome. In 
the 12 months prior to this case report, this patient had 
required 16 PRBC transfusions. After initiating danicopan 
add-on therapy in addition to ravulizumab, this patient’s 
Hgb level rapidly increased while the reticulocyte counts 
markedly decreased over the first few weeks. The PNH 
RBC clone increased in size from 38% before starting 
danicopan to 100% within 15 weeks of starting danicopan. 
The second patient, a 23-year-old female, was diagnosed 

with both PNH and Budd-Chiari syndrome. Despite ini-
tiating treatment with eculizumab and then switching to 
ravulizumab, in the 12 months prior to the case report she 
had received 2 PRBC transfusion. After beginning add-on 
therapy with danicopan, the patient’s haptoglobin levels 
normalized, while her bilirubin and LDH levels decreased 
and Hgb levels increased.

Back to the Patient 

This patient case highlights several important considerations 
in the long-term management of PNH. First, effective con-
trol of intravascular hemolysis with a terminal C5 inhibitor 
does not necessarily eliminate all clinically meaningful dis-
ease manifestations. Despite improvement on ravulizumab, 
EW continued to have persistent anemia, illustrating how 
residual extravascular hemolysis can contribute to an incom-
plete hematologic response during otherwise effective C5 
inhibition.

Second, the case demonstrates the potential value 
of targeting multiple points in the complement cascade. 
While receiving ravulizumab monotherapy, EW’s hemo-
globin level was 9.2 g/dL—not requiring transfusion, but 
low enough to be anemic and symptomatic. The addi-
tion of danicopan to ravulizumab was associated with a 
substantial improvement in EW’s hemoglobin, up to 12 
g/dL within 3 months. This response illustrates how the 
addition of proximal complement inhibition can address 
mechanisms of ongoing hemolysis that may persist despite 
terminal complement blockade.

Third, EW’s experience emphasizes the importance 
of individualized, longitudinal PNH management. Treat-
ment goals extend beyond suppression of intravascular 
hemolysis and should include assessment of anemia, trans-
fusion requirements, residual symptoms, quality of life, 
and evidence of extravascular hemolysis.

Lastly, the difficulties EW encountered obtaining ravu-
lizumab while traveling illustrate the practical challenges 
associated with lifelong complement inhibitor therapy and 
the importance of planning for continuity of treatment. 
Despite this prolonged interval between ravulizumab 
infusions, EW remained clinically stable while continuing 
danicopan, without recurrence of her prior symptoms or 
clinical evidence of breakthrough hemolysis. Her experience 
illustrates the importance of sustained complement control 
in a chronic disease such as PNH and provides an example of 
the clinical stability that may be observed with complemen-
tary targeting of proximal and terminal components of the 
complement pathway.
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