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Songkhla, Thailand; 7Department of Haematology, Dr. José Eleuterio González University Hospital, Monterrey, Mexico; 8Apellis Pharmaceuticals, Waltham, MA; and
9Department of Cellular Therapeutics, Makati Medical Centre, Makati City, Philippines
Key Points

• Complement inhibitor–
naive patients with
PNH had greater
hemoglobin
stabilization and LDH
reduction with
pegcetacoplan vs
control.

• Pegcetacoplan’s
comprehensive control
of hemolysis and
favorable safety profile
in these patients may
help expand the
treatment population.
Paroxysmal nocturnal hemoglobinuria (PNH) is a rare disease characterized by

complement-mediated hemolysis. Pegcetacoplan is the first C3-targeted therapy approved

for adults with PNH (United States), adults with PNH with inadequate response or

intolerance to a C5 inhibitor (Australia), and adults with anemia despite C5-targeted therapy

for ≥3 months (European Union). PRINCE was a phase 3, randomized, multicenter,

open-label, controlled study to evaluate the efficacy and safety of pegcetacoplan vs control

(supportive care only; eg, blood transfusions, corticosteroids, and supplements) in

complement inhibitor–naive patients with PNH. Eligible adults receiving supportive care

only for PNH were randomly assigned and stratified based on their number of transfusions

(<4 or ≥4) 12 months before screening. Patients received pegcetacoplan 1080 mg

subcutaneously twice weekly or continued supportive care (control) for 26 weeks.

Coprimary end points were hemoglobin stabilization (avoidance of >1-g/dL decrease in

hemoglobin levels without transfusions) from baseline through week 26 and lactate

dehydrogenase (LDH) change at week 26. Overall, 53 patients received pegcetacoplan

(n = 35) or control (n = 18). Pegcetacoplan was superior to control for hemoglobin

stabilization (pegcetacoplan, 85.7%; control, 0; difference, 73.1%; 95% confidence interval

[CI], 57.2-89.0; P < .0001) and change from baseline in LDH (least square mean change:

pegcetacoplan, −1870.5 U/L; control, −400.1 U/L; difference, −1470.4 U/L; 95% CI, −2113.4

to −827.3; P < .0001). Pegcetacoplan was well tolerated. No pegcetacoplan-related adverse

events were serious, and no new safety signals were observed. Pegcetacoplan rapidly and

significantly stabilized hemoglobin and reduced LDH in complement inhibitor–naive

patients and had a favorable safety profile. This trial was registered at www.clinicaltrials.

gov as NCT04085601.
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Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare disease
characterized by complement-mediated hemolysis and thrombo-
philia and is often associated with bone marrow failure syndromes.1

It is typically acquired in adulthood because of somatic mutations
within the PIG-A gene in hematopoietic stem cells. These muta-
tions affect the biosynthesis of glycosylphosphatidylinositol (GPI),2

a membrane anchor added posttranslationally to cell-surface pro-
teins. Two cell-surface proteins CD55 and CD59 use GPI anchors
to regulate the complement system. Hematopoietic cells propa-
gated from stem cells deficient in GPI biosynthesis lack these
complement-regulating proteins, making them susceptible to
complement-mediated lysis. Red blood cells (RBCs) are highly
susceptible to complement-mediated lysis. People with PNH typi-
cally have anemia secondary to hemolysis, an increased incidence
of thrombotic events, and end organ damage.3-5 Because of ane-
mia they may also experience debilitating symptoms, such as
fatigue, dyspnea, abdominal pain, erectile dysfunction, and
dysphagia, which impair their overall quality of life (QoL).6,7

The introduction of C5 complement protein inhibitors (C5is)
transformed PNH from a life-threatening disease to a chronic dis-
ease.8 The first Cis approved for PNH were eculizumab and rav-
ulizumab. Both treatments target the C5 complement protein,
inhibiting terminal complement activation and subsequent intra-
vascular hemolysis.9-13 However, patients who receive C5is may
develop extravascular hemolysis,8,14 which is mediated by the
proximal C3 complement protein. Fragments of C3 (eg, C3b)
opsonize RBCs, targeting them for destruction via phagocytosis in
the liver and spleen (ie, extravascular hemolysis),15 which may lead
to an incomplete response in patients receiving C5is.8 Therefore,
hemoglobin normalization (ie, levels above the lower limit of normal
[LLN]) cannot always be achieved with C5is.13,16 Up to 88% of
patients treated with a C5i have persistent anemia due to chronic,
low-grade hemolysis, and more than half are transfusion depen-
dent.17,18 In countries where Cis are not available, supportive care,
including blood transfusions, prophylactic anticoagulants, cortico-
steroids, and supplements (eg, iron, folate, and vitamin B12), is
used to address the symptoms of PNH in patients.19,20

Pegcetacoplan is the first C3-targeting therapy for PNH. In 2 early-
phase studies, pegcetacoplan improved hemoglobin levels to
within the normal range by day 85 and maintained them for up to 1
year in complement inhibitor–naive patients with PNH receiving
supportive care only.21 To confirm these results, we conducted a
phase 3 study in complement inhibitor–naive patients with PNH
that compared the efficacy and safety of pegcetacoplan with those
of the control (supportive care).

Methods

Study design

PRINCE (NCT04085601; EudraCT, 2018-004220-11) was a
phase 3, randomized, multicenter, open-label, controlled study. It
was conducted in 22 centers (Hong Kong, Malaysia, the
Philippines, Singapore, Thailand, Colombia, Mexico, and Peru)
where Cis were not approved or widely available (ie, patients
were receiving supportive care only for PNH treatment, including
transfusions, anticoagulants, corticosteroids, and supplements
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[iron, folate, and vitamin B12]). The study comprised a ≤4-week
screening period followed by a 26-week randomized controlled
period (RCP). Investigators are listed in Appendix 1.

The study protocol was designed and monitored in accordance
with the ethical principles of good clinical practice and the
Declaration of Helsinki. An institutional review board or indepen-
dent ethics committee at each center approved the protocol. Each
patient provided written informed consent before undergoing
study-related procedures.

Patients

Eligible patients met the following 5 criteria: (1) ≥18 years of age,
(2) PNH diagnosis confirmed by high-sensitivity flow cytometry, (3)
hemoglobin level below the LLN (male: <13.6 g/dL and
female: <12.0 g/dL), (4) lactate dehydrogenase (LDH) level ≥1.5
times the upper limit of normal (ULN ≥339 U/L), and (5) vaccinated
against Streptococcus pneumoniae, Neisseria meningitidis (types
A, C, W, Y, and B), and Haemophilus influenzae (type B). Patients
treated with the C5is eculizumab or ravulizumab, within 3 months of
screening were excluded from the study. Appendix 2.1 lists all
inclusion and exclusion criteria.

Randomization

Centralized Interactive Response Technology randomly assigned
patients using a 2:1 ratio of pegcetacoplan treatment to control
(supportive care only). Randomization was stratified based on the
number of packed RBC (PRBC) transfusions (<4 or ≥4) received
within the 12 months before screening.

Procedures

Patients visited the study clinic every 2 weeks for efficacy and
safety assessments through week 26. A central laboratory
conducted objective end point laboratory measurements; however,
certified local laboratories were used under extenuating circum-
stances (eg, COVID-19 travel restrictions and medical emergen-
cies). Units and normal ranges for values obtained at certified local
laboratories were normalized for consistency with the study’s
central laboratory (Appendix 2.2).

Patients randomly assigned to the pegcetacoplan group self-
administered subcutaneous infusions of pegcetacoplan 1080 mg
twice weekly (treatment details in Appendix 2.3). Information
required for actual administration of the treatment regimen in
practice is provided in the supplemental file. Patients randomly
assigned to the control group continued supportive care but could
escape to pegcetacoplan treatment if their hemoglobin level
decreased ≥2 g/dL below their baseline measurement or if they
had a qualifying thromboembolic event secondary to PNH. The
transfusion eligibility threshold was hemoglobin levels <7 or ≥7 g/dL
and <9 g/dL with signs or symptoms warranting transfusion.
Hematologic laboratory values from certified local laboratories were
collected before transfusion administration.

Outcomes

The coprimary end points for the study were hemoglobin stabili-
zation (defined as the avoidance of a >1-g/dL decrease in hemo-
globin levels from baseline to week 26) and change from baseline
(CFB) in LDH levels at week 26. Nine secondary end points were
tested in a hierarchical manner at week 26: (1) hemoglobin
PEGCETACOPLAN FOR COMPLEMENT INHIBITOR–NAIVE PNH 2469



response (defined as hemoglobin increase ≥1 g/dL from base-
line), (2) CFB in absolute reticulocyte count (ARC), (3) CFB in
hemoglobin level, (4) patients (in percentage) who received
transfusion and/or had a >2-g/dL decrease from baseline in
hemoglobin level, (5) transfusion avoidance (defined as no
transfusions during the 26-week RCP), (6) number of PRBC units
transfused during the 26-week RCP; (7) CFB in the Functional
Assessment of Chronic Illness Therapy-Fatigue (FACIT-Fatigue)
scale scores, (8) CFB in global health status/QoL scores using
the European Organisation for Research and Treatment of Can-
cer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30)
instrument, and (9) ARC normalization (defined as ARC < ULN
[male: from 10 × 109 to 140 × 109 cells per L; and female: from
10 × 109 to 120 × 109 cells per L]). Three additional secondary
end points at week 26 were included (1) patients (%) who had
a clinically meaningful improvement in FACIT-Fatigue score
(≥3-point increase22), (2) hemoglobin normalization (defined
as hemoglobin levels ≥ LLN [male: ≥13.6 g/dL; and female:
≥12.0 g/dL]), and (3) LDH normalization (defined as LDH levels
≤ ULN [226 U/L]).

Post hoc analyses

Post hoc CFB analyses for hematologic parameters (LDH, hemo-
globin, and ARC) and EORTC QLQ-C30 and FACIT-Fatigue
scores were conducted for the pegcetacoplan treatment group
only (ie, excluding escape patients). Normalization of D-dimer,
defined as D-dimer level < ULN (0.5 μg/mL), was analyzed for
patients randomly assigned to pegcetacoplan and supportive care.
Post hoc analyses were conducted to determine the time-aligned
CFBs (ie, time of the switch to pegcetacoplan for the escape
group) in LDH and hemoglobin levels among patients who escaped
from control (supportive care) to pegcetacoplan.

Safety

Safety was evaluated during clinical site visits by monitoring
adverse events (AEs).

Statistical analysis

A sample size of 48 patients (32 pegcetacoplan and 16 control)
was required to achieve 90% power at the 5% significance level
(two-sided), using a two-group Fisher exact test and a 2:1 alloca-
tion (pegcetacoplan:control), to detect the effect of pegcetacoplan
on the first coprimary end point of hemoglobin stabilization vs that
of the control. This calculation assumes a 45% increase in the
percentage of patients in the pegcetacoplan group who experience
hemoglobin stabilization compared with that in the control group
(eg, a change from 5% [control] to 50% [pegcetacoplan]). The
same sample size provided 96% power (assuming an effect size of
≥1.2) to detect the effect of pegcetacoplan on the second copri-
mary end point of CFB in LDH levels at week 26. To account for
loss of power because of discontinuations, the researchers
attempted to randomly assign ≥54 participants.

Statistical analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA). Coprimary and secondary efficacy end
points were evaluated with the intent-to-treat analysis set; all
patients were analyzed based on their original treatment group, and
patients who escaped to pegcetacoplan treatment were set as
missing in the control group. Patients who escaped from the
control group were considered nonresponders (ie, patients for
2470 WONG et al
whom treatment failed to achieve the first coprimary end point of
hemoglobin stabilization). Efficacy data for escape patients were
evaluated separately in post hoc analyses.

All statistical testing was performed at the 5% level of significance
(two-sided), and all point estimates for the comparison between
treatment groups were accompanied by adjusted odds ratios and
two-sided 95% confidence intervals (CIs). Continuous end points
were analyzed using an analysis of covariance model with a multiple
imputation approach for handling missing data. Continuous end
point summary values included mean, median, range, standard
deviation, and standard error. Categorical end points were analyzed
by tabulating the number and percentage of patients based on the
treatment group and comparing them using a stratified Cochran-
Mantel-Haenszel χ2 test. Secondary efficacy end points were
tested in a hierarchical manner after statistical significance was
reached for the 2 coprimary end points to preserve the type 1 error
rate. If a patient received a transfusion during their treatment period,
the pretransfusion values for hemoglobin, LDH, ARC, FACIT-
Fatigue score, and EORTC QLQ-C30 score were used in the
model. Patients were categorized as nonresponders for the hema-
tologic stabilization, response, normalization and for clinically
meaningful improvements in the FACIT-Fatigue score end points if
they received a transfusion until week 26, escaped from the control
to the pegcetacoplan group, withdrew from the study before week
26, or were lost to follow-up. Transfusions were defined as any
transfusion of RBCs, leukocyte-depleted PRBCs, leukocyte-poor
PRBCs, leukocyte-poor blood, or whole blood. Appendix 2.4 pro-
vides additional details regarding statistical analyses.

Post hoc analyses of mean (standard deviation and two-sided
95% CI) CFB to week 26 for hematologic values (hemoglobin,
LDH, and ARC) and FACIT-Fatigue and EORTC QLQ-C30 scale
scores were conducted for the pegcetacoplan treatment arm
only. These parameters were statistically tested using Student
t test. P < .05 was considered to be statistically significant,
meaning that the mean CFB was statistically different from zero.
D-dimer normalization was summarized descriptively using num-
ber and frequency over time. Patients with a D-dimer value <0.5
were considered to have reached D-dimer normalization.
Descriptive statistics were used to generate time-aligned mean
LDH and hemoglobin levels from baseline (ie, time of the switch to
pegcetacoplan for the escape group) to the end of the study for
patients who escaped to pegcetacoplan.

Pegcetacoplan safety was evaluated using the safety analysis set,
with patients categorized into 2 groups: (1) overall pegcetacoplan,
which included all patients who received ≥1 dose of pegcetaco-
plan after being randomly assigned to the pegcetacoplan group
and those who escaped the control group while receiving pegce-
tacoplan and (2) patients in the control group who received sup-
portive care only throughout the study or before escape. No formal
statistical analyses were performed to evaluate AEs, and an
external, independent data monitoring committee periodically
assessed safety data. Safety measures were descriptively sum-
marized based on the treatment group from baseline to week 26,
and absolute values are presented. AEs of special interest (injec-
tion site reactions, infections [including sepsis], hemolytic disor-
ders, thrombosis events, and hypersensitivity) were selected based
on their relevance to PNH and the mechanism of action or route of
administration of pegcetacoplan.
13 JUNE 2023 • VOLUME 7, NUMBER 11



Control to
pegcetacoplan (Escape†)

(n = 11)

Completed week 26
treatment

(n = 33)

Completed week 26
treatment

(n = 6)

Completed week 26
treatment

(n = 11)

Withdrawn from
group (n = 2)
• Lost to follow-up
  (n = 1) 
• Death (n = 1)‡

Withdrawn from
group (n = 1)
• Death (n = 1)§

Allocated to pegcetacoplan
(n = 35)
• Received pegcetacoplan
  (n = 35)

Allocated to control
supportive care only*
(n = 18)
• Received control (n = 18)

Assessed for eligibility
(n = 68)

Excluded (n = 15)
• Screening failure (n = 15)

Randomized
(n = 53)

Figure 1. Trial profile. * indicates the control group patients received supportive care (eg, transfusions, corticosteroids, and supplements [iron, folate, and vitamin B12]);

†, patients assigned to the control group could escape to pegcetacoplan therapy if their hemoglobin levels were ≥2 g/dL below their baseline measurement or presented with

a qualifying thromboembolic event secondary to PNH; ‡, 1 death occurred in the pegcetacoplan group related to septic shock in the context of bone marrow failure (both events

were deemed unrelated to pegcetacoplan); and §, 1 death occurred in the control group related to respiratory failure and septic shock.
Results

The study was conducted from 27 August 2019 to 23 June 2021.
A total of 53 complement inhibitor–naive patients were randomly
assigned to pegcetacoplan treatment (n = 35) or continued sup-
portive care (control; n = 18; Figure 1). The actual number of
patients randomly assigned exceeded the sample size requirement
of 48 patients to account for potential loss of power because
of discontinuations. Over a median of 10.2 weeks (range,
5.3-21.0 weeks), 11 control patients escaped to pegcetacoplan
treatment after a qualifying event; none of the qualifying events
were PNH-related thrombosis. All escape patients completed the
study on pegcetacoplan treatment until week 26. Three patients
did not complete the trial. One pegcetacoplan-treated patient was
lost to follow-up, and 2 patients died (1 in each group). Neither
death was considered related to the treatment: 1 pegcetacoplan-
treated patient died of septic shock in the context of bone
marrow failure, and 1 supportive care–treated patient died from
respiratory failure and septic shock.

The mean baseline characteristics were similar between the
groups, except the pegcetacoplan group was ~7 years younger,
had a slightly lower percentage of patients with a history of aplastic
anemia, and had a lower percentage of patients receiving ≥4
13 JUNE 2023 • VOLUME 7, NUMBER 11
transfusions within 12 months before the study; the control group
had a higher percentage of Asian patients (Table 1). Prior and
concomitant medications are listed in Appendix 3.1. Appendix 3.2
describes pegcetacoplan exposure and incorrect dose adjustment
in 2 patients.

Pegcetacoplan was superior to the control for meeting the coprimary
end points of hemoglobin stabilization through week 26 and the CFB
in LDH levels at week 26 (Figure 2A). Most pegcetacoplan-treated
patients (85.7%) and none of the supportive care–treated patients
(0%) reached hemoglobin stabilization at week 26. The difference
between groups was statistically significant (Figure 2A; P < .0001).
Pegcetacoplan-treated patients had statistically improved least
squares (LSs) mean CFB in LDH levels compared with the control
group at week 26 (difference, −1470.4 U/L; 95% CI, –2113.4
to −827.3 U/L; P < .0001; Figure 2A).

Pegcetacoplan treatment increased mean hemoglobin levels to
12.0 g/dL by week 6. Mean hemoglobin continued to increase until
week 26 (12.8 g/dL; Figure 2B). Pegcetacoplan treatment resulted
in mean LDH levels ≤226 U/L (ULN) by week 4 that were main-
tained throughout 26 weeks (Figure 2C). Supportive care in the
control group demonstrated no meaningful improvements in any
hematologic end point throughout 26 weeks. For changes in the
PEGCETACOPLAN FOR COMPLEMENT INHIBITOR–NAIVE PNH 2471



Table 1. Baseline demographic and clinical characteristics

Characteristics Pegcetacoplan (n = 35) Control, supportive care only* (n = 18)

Age, mean (range), y 42.2 (22-67) 49.1 (20-74)

≥65 y, n (%) 2 (5.7) 4 (22.2)

Female, n (%) 16 (45.7) 8 (44.4)

Race, n (%)

Asian 23 (65.7) 16 (88.9)

American Indian or Alaska native 9 (25.7) 2 (11.1)

Black or African American 2 (5.7) 0

White 0 0

Other 1 (2.9) 0

Clinical characteristics

Body mass index, kg/m2, mean (SD) 24.0 (4.4) 23.1 (2.9)

History of aplastic anemia, n (%) 5 (14.3) 5 (27.8)

Time since PNH diagnosis, median (range), y 3.4 (0.1-27.0) 4.7 (0.1-15.1)

Transfusion in previous 12 mo, n (%) 29 (82.9) 14 (77.8)

<4 transfusions, n (%) 21 (60.0) 8 (44.4)

≥4 transfusions, n (%) 14 (40.0) 10 (55.6)

Laboratory measurements, mean (SD)

Hemoglobin, g/dL† 9.4 (1.4) 8.7 (0.8)

LDH, U/L‡ 2151.0 (909.4) 1945.9 (1003.7)

ARC, ×109 cells per L§ 230.2 (81.0) 180.3 (109.1)

Total bilirubin, μmol/L‖ 39.4 (20.5) 35.5 (15.0)

Indirect bilirubin, μmol/L¶ 34.1 (18.5) 30.5 (13.5)

FACIT-Fatigue score# 36.3 (10.7) 37.1 (9.3)

EORTC QLQ-C30 global health status/QoL
score**

63.3 (19.7) 62.0 (15.8)

SD, standard deviation.
*Control group patients received supportive care (eg, transfusions, corticosteroids, and supplements [iron, folate, and vitamin B12]).
†Normal reference range: male, 13.6 to 18 g/dL; and female, 12 to 16 g/dL.
‡Normal reference range: 113 to 226 U/L.
§Normal reference range: male, 10 × 109 to 140 × 109 cells per L; and female, 10 × 109 to 120 ×109 cells per L.
‖Normal reference range: 1.7 to 18.8 μmol/L.
¶Normal reference range: 1.7 to 15.4 μmol/L.
#General population norm: 43.6. Defined by Cella et al.23

**General population norm: 75.7. Defined by Hinz et al.24
mean and median hemoglobin and LDH levels over time, see
Appendix 3.3.

Pegcetacoplan was superior to the control in the first 5 secondary
end points, per the predefined hierarchical testing strategy
(Table 2). The percentage of patients with a hemoglobin response
at week 26 was higher in the pegcetacoplan-treated group than in
the supportive care–treated group (71.4% vs 5.6%, P < .0001).
Pegcetacoplan was also superior compared with control with
respect to the CFB in ARC (LS mean, −123.3 × 109 cells per L
vs −19.4 × 109 cells per L, P = .0002). Patients who received
pegcetacoplan had superior CFB in hemoglobin levels (2.9 g/dL vs
0.3 g/dL, P = .0019) at week 26 compared with those who
received control treatment. More than 90% of pegcetacoplan-
treated patients were transfusion-free for 26 weeks (P < .0001)
vs <6% in the control group. Appendix 3.4 includes additional data
regarding the total transfusion units and the percentage of patients
who received transfusions or had decreased hemoglobin >2 g/dL
from baseline to week 26.
2472 WONG et al
FACIT-Fatigue scores (Table 2) also improved with pegcetacoplan
treatment. At week 26, mean scores were above the standard
score of the general population (43.6)23 in the pegcetacoplan
group. The LS mean CFB in FACIT-Fatigue scores at week 26 was
greater in the pegcetacoplan group vs the control group (n = 28 vs
5; 7.8 vs 3.3, respectively); however, the difference was not sta-
tistically significant (P = .0610). Therefore, additional secondary
end points were only tested for a nominal P value. A significantly
higher percentage of pegcetacoplan-treated patients had a clini-
cally meaningful improvement (≥3-point increase22) in their FACIT-
Fatigue scores at week 26 compared with control-treated patients
(60.0% vs 11.1%; nominal P = .0007; Table 2). Pegcetacoplan-
treated patients also had significantly improved LS mean EORTC
QLQ-C30 global health status/QoL scores vs control-treated
patients (18.9 vs −2.9; nominal P = .0006; Table 2). In addition,
the improvement in EORTC QLQ-C30 global health status/QoL
scores for the pegcetacoplan group at week 26 was above the
standard score of the general population (75.7).24 Control-treated
patients did not have improved EORTC QLQ-30 scores.
13 JUNE 2023 • VOLUME 7, NUMBER 11



12 g/dL

35 33 33 33 33 32 34 34 34 34 33 33 34 30
18 17 17 16 13 9 8 8 8 8 7 6 7 6

9.4

8.7

12.8

9.8

Me
an

 (±
SE

)
LD

H 
(U

/L
)

Baseline 2 4 6 8 10 12 14 16 18 20 22 24 26

Baseline 2 4 6 8 10 12 14 16 18 20 22 24 26

Pegcetacoplan n 35 32 33 33 33 34 34 34 34 33 34 33 34 30
18 17 17 17 13 9 8 8 8 8 7 6 7 5Control

Pegcetacoplan
Control

n
n

n

2151
1535

205

1.5 x
ULN

ULN

LLN

1946

14

13

12

11

10

9

8

7

6

Weeks

Weeks

Me
an

 (±
SE

)
he

m
og

lob
in 

(g
/d

L)

A

B

C
4000

3000

2000

1000

400

200

0

Pegcetacoplan arm

Control arm, supportive care only*

Pegcetacoplan arm

Control arm, supportive care only*

Pegcetacoplan arm
(n = 35)

30 (85.7)

–1870.5 (101.0)

0 (0)

–400.1 (313.0)

73.1
(57.2, 89.0)

–1470.4
(–2113.4, –827.3)

.0001

.0001

Coprimary end points

Hemoglobin
stabilization, n (%)†

CFB in LDH levels,
LS mean (SE), U/L‡

Control arm
supportive care only*

(n = 18)

Difference
95% CI

P value

*Control group patients received supportive care (eg, transfusions, corticosteroids, and supplements [iron, folate, vitamin B12]).

†Avoidance of 1-g/dL decrease in hemoglobin levels from baseline through week 26. Patients who received a transfusion,
escaped from the control arm to pegcetacoplan treatment, withdrew from the study before week 26, or were lost to follow-up
were categorized as failing to achieve hemoglobin stabilization.

‡From baseline at week 26.

Figure 2. Coprimary end points and hematologic parameters over time. (A) Coprimary end points of hemoglobin stabilization (defined as avoidance of >1-g/dL

decrease in hemoglobin levels from baseline through week 26) and CFB in LDH levels at week 26 in patients in the pegcetacoplan group or control group. Reference range for
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Table 2. Secondary end points

Secondary end points

Pegcetacoplan

(n = 35)

Control, supportive

care only* (n = 18) Difference (95% CI) P value

Hemoglobin response, n (%)†,‡ 25 (71.4) 1 (5.6) 54.1 (33.9-74.3) < .0001

CFB in ARC at wk 26, LS mean (SD), ×109 cells per L −123.3 (9.2) −19.4 (25.2) −103.8 (–158.9 to −48.7) .0002

Hemoglobin CFB at wk 26, LS mean (SE), g/dL 2.9 (0.4) 0.3 (0.8) 2.7 (1.0-4.4) .0019

Transfusion avoidance through wk 26,‡ n (%) 32 (91.4) 1 (5.6) 72.4 (55.8-89.0) < .0001

FACIT-Fatigue score CFB at wk 26, LS mean (SE) 7.8 (1.2) 3.3 (2.1) 4.5 (−0.2 to 9.2) .0610

Global health status/QoL score (EORTC QLQ-C30)
CFB at wk 26, LS mean (SE)

18.9 (2.9) −2.9 (5.7) 21.8 (9.4-34.2) Nominal .0006

ARC normalization, n (%)‡,§ 21 (60.0) 1 (5.6) 46.4 (25.3-67.5) Nominal .0002

Patients with a clinically meaningful‖ improvement in
FACIT-Fatigue score,‡ n (%)

21 (60.0) 2 (11.1) 48.9 (27.1-70.7) Nominal .0007

Hemoglobin normalization at wk 26,‡,¶ n (%) 16 (45.7) 0 (0) 36.5 (16.5-56.4) Nominal .0010

LDH normalization,‡,# n (%) 23 (65.7) 0 (0) 55.9 (36.8-75.0) Nominal < .0001

LS, least squares; SE, standard error.
*Control group patients received supportive care (eg, transfusions, corticosteroids, and supplements [iron, folate, and vitamin B12]).
†Defined as ≥1-g/dL increase from baseline to week 26.
‡Patients who received a transfusion, escaped from the control group to pegcetacoplan treatment, withdrew from study before week 26, or were lost to follow-up were categorized as

nonresponders.
§ARC < sex-specific ULN (male, 10 × 109 to 140 × 109 cells per L; and female, 10 × 109 to 120 × 109 cells per L) at week 26.
‖Clinically meaningful improvement is defined as a ≥3-point FACIT-Fatigue score increase22 from baseline to week 26.
¶Hemoglobin levels ≥ sex-specific LLN: male, 13.6 g/dL; and female, 12.0 g/dL.
#LDH levels ≤ ULN (226 U/L) at week 26.
A high percentage of pegcetacoplan-treated patients reached
normalized hematologic parameters. ARC was significantly
normalized (ie, less than the sex-specific ULN [male, 10 × 109 to
140 × 109 cells per L; and female, 10 × 109 to 120 × 109 cells
per L]) with pegcetacoplan compared with control (60.0% vs
5.6%; nominal P = .0002; Table 2). Nearly half of pegcetacoplan-
treated patients had normalized hemoglobin (ie, greater than the
sex-specific LLN [male, 13.6 g/dL; and female, 12.0 g/dL]) at week
26 vs none in the control group (nominal P = .0010). Levels of LDH
were normalized in >50% and ~90% of pegcetacoplan-treated
patients by weeks 2 and 4, respectively (Appendix 3.5). At week
26, 65.7% of pegcetacoplan-treated patients had normalized LDH
(ie, ULN ≤226 U/L); none of the control patients had normalized
LDH (nominal P < .0001; Table 2).

Post hoc analyses conducted among patients randomly assigned
to the pegcetacoplan group showed statistically significant
improvements in the mean CFB to week 26 for all hematologic
parameters (hemoglobin, LDH, and ARC) and FACIT-Fatigue and
EORTC QLQ-C30 scores (Appendix 3.6). In an additional post hoc
analysis, the percentage of patients with D-dimer levels within the
normal range increased from 51.4% at baseline to 67.9% at week
26 in the pegcetacoplan group (Appendix 3.6). In the supportive
care group, the percentage of patients with D-dimer levels within
Figure 2 (continued) normal LDH levels: 113 to 226 U/L. (B) Mean hemoglobin levels (

pegcetacoplan group or control group. Reference range for normal hemoglobin levels: ma

representing mean values with small SE. * indicates control group patients received suppo

B12]) and †, avoidance of >1-g/dL decrease in hemoglobin levels from baseline through w

pegcetacoplan treatment, withdrew from the study before week 26, or were lost to follow

baseline to week 26.
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the normal range decreased from 71.4% at baseline to 60.0% at
week 26.

Post hoc analyses of time-aligned data for patients who escaped
from supportive care to pegcetacoplan (n = 11) showed a rapid
response to pegcetacoplan, with a significant decrease in LDH
levels by 1 week after escape and mean LDH levels within the
normal range by week 2 (Appendix 3.6). Seven of the 11 patients
who escaped showed a significant increase in hemoglobin levels
by week 2 of pegcetacoplan.

Pegcetacoplan was well tolerated in all patients who received it,
including those who escaped from the control group (n = 11;
Table 3). The percentage of patients with AEs was similar in both
treatment groups at week 26. Most AEs were mild or moderate.
Pegcetacoplan-related AEs occurred in 13 patients; none were
considered to be serious by the investigators. The most common
AEs in pegcetacoplan group were hypokalemia, dizziness, fever,
ecchymosis, arthralgia, and headache. There were no acute
hemolytic events reported among patients who received pegceta-
coplan. No events of thrombosis were reported in either treatment
group. No AEs led to discontinuation. Two patients died, 1 in each
study group; both deaths were considered by investigators to be
unrelated to treatment.
±standard error [SE]) and (C) mean LDH over time (±SE) for patients in the

le, 13.6 to 18 g/dL; female, 12 to 16 g/dL. SE bars are not visible on data points

rtive care (eg, transfusions, corticosteroids, and supplements [iron, folate, and vitamin

eek 26. Patients who received a transfusion, escaped from the control arm to

-up were categorized as failing to achieve hemoglobin stabilization. ‡ indicates from
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Table 3. AEs that occurred during the 26-week RCP

Overall AEs and severity, n (%)

Overall pegcetacoplan includes escape

patients* (n = 46) Control group, supportive care only† (n = 18)

Any AE 33 (71.7) 12 (66.7)

AEs considered related to pegcetacoplan 13 (28.3) NA

SAE 4 (8.7) 3 (16.7)

Related to pegcetacoplan 0 NA

AEs based on severity

Mild 16 (34.8) 7 (38.9)

Moderate 13 (28.3) 3 (16.7)

Severe 4 (8.7) 2 (11.1)

AEs occurring in ≥5% of pegcetacoplan-treated patients

Hypokalemia 6 (13.0) 2 (11.1)

Dizziness 5 (10.9) 0

Fever/pyrexia 4 (8.7) 0

Ecchymosis 3 (6.5) 0

Arthralgia 3 (6.5) 0

Headache 3 (6.5) 0

AEs of special interest‡

Injection site reactions§ 14 (30.4) NA

Infections‖ 9 (19.6) 5 (27.8)

Sepsis 0 0

Hypersensitivity¶ 9 (19.6) 1 (5.6)

Hemolytic disorders 0 0

Thrombosis 0 0

NA, not applicable.
*Patients randomly assigned to the control group could escape to the pegcetacoplan group if their hemoglobin levels decreased ≥2 g/dL below their baseline measurement or had a

qualifying thromboembolic event secondary to PNH.
†Control group patients received supportive care (eg, transfusions, corticosteroids, and supplements [iron, folate, and vitamin B12]).
‡AEs of special interest are either relevant to PNH or to the mechanism of action or route of administration of pegcetacoplan.
§Injection site reactions included bruising, hemorrhage, induration, inflammation, rash, peripheral swelling, puncture site reaction, vaccination site reaction, ecchymosis, erythema, and

hematoma.
‖Infections included viral infection, arthritis reactive, COVID-19, COVID-19 pneumonia, cellulitis, nasopharyngitis, pharyngitis, tuberculosis, upper respiratory tract infection, urinary tract

infection enterococcal, vaginal infection, influenza, Pneumocystis jirovecii pneumonia, and urinary tract infection.
¶Hypersensitivity was defined as erythema, rash, allergic cough, dermatitis, dermatitis contact, eyelid edema, injection site rash, rash maculopapular, and rhinitis allergic.
For AEs of special interest, there were no serious infections (eg,
meningococcal infections), treatment-related sepsis, or PNH-
relevant hemolytic events or thrombosis (Table 3).

Serious AEs (SAEs) occurred in 4 pegcetacoplan-treated patients.
None were considered related to treatment. Three patients each
had 1 of the following SAEs: neutropenia on treatment-day 1,
dermoid cysts, or symptomatic anemia requiring 1 unit of PRBC.
One patient had the following 3 SAEs: severe pancytopenia on
treatment, febrile neutropenia, and septic shock.

Discussion

In this trial of complement inhibitor–naive adults with PNH, peg-
cetacoplan was superior to supportive care with respect to the
coprimary end points of hemoglobin stabilization and reduction in
mean LDH levels at week 26. Treatment with pegcetacoplan led to
significant improvements in the secondary end points for hemato-
logic parameters, normalization of hematologic values, fatigue, and
QoL compared with supportive care. The favorable safety profile in
PRINCE was consistent with previous clinical trials;21,25,26 no new
13 JUNE 2023 • VOLUME 7, NUMBER 11
safety risks were identified. No acute hemolytic events were
reported in patients treated with pegcetacoplan.

Notable in the current study was the high rate of hemoglobin sta-
bilization (86%) and normalization (~50%) in pegcetacoplan-
treated patients at week 26. The high rate of stabilization is
remarkable because we used a more stringent criterion for
hemoglobin stabilization (ie, a decline of 1 rather than 2 g/dL)
compared with previous clinical trials.9,11,27 Mean hemoglobin
increased 3.4 g/dL from baseline to a mean of 12.8 g/dL at week
26. The high rates of improved and stabilized hemoglobin allowed
nearly all (91%) patients who received pegcetacoplan to avoid
transfusions throughout the 26-week study. It is also noteworthy
that patients who escaped from the control group because of
acute hemolysis (ie, hemoglobin decrease of ≥2 g/dL from base-
line) had rapid improvement in hemoglobin levels after initiating
pegcetacoplan.

The findings this study compare favorably with those of the
PADDOCK (NCT02588833) and PALOMINO (NCT03593200)
trials.21 In these phase 1b and 2a trials, respectively, complement
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inhibitor–naive patients self-administered daily 270 mg subcu-
taneous infusions of pegcetacoplan for up to 1 year. The mean
CFB in hemoglobin (3.7 g/dL and 5.3 g/dL in PADDOCK and
PALOMINO, respectively) increased to nearly normal levels by
treatment-day 85 and was sustained for 1 year (12.1 and 13.0 g/dL
in PADDOCK and PALOMINO, respectively). Patients also had
rapid and sustained decreases in LDH. From mean baseline levels
≥8 × ULN, 80% of patients had LDH within the normal range by
day 22 in PADDOCK and to ≤1.5 × ULN in 82% of PALOMINO
patients at 1 year. Patients felt better with pegcetacoplan treatment
because of decreased fatigue. In both studies, their mean FACIT-
Fatigue scores improved to approximately the standard score of
the general population by day 43 in PADDOCK and day 15 in
PALOMINO.23

A second phase 3 study of pegcetacoplan, PEGASUS
(NCT03500549), was conducted concurrently with PRINCE and
was the based on US Food and Drug Administration, Australian
Department of Health and Aged Care, and European Medicines
Agency approvals.25,28-30 PEGASUS was a randomized, active-
controlled study in patients with PNH and hemoglobin <10.5 g/dL
despite stable eculizumab treatment (≥3 months).25 In PEGASUS,
pegcetacoplan was superior to eculizumab for improved hemoglobin
levels and noninferior to eculizumab for improved levels of other
hematologic parameters. Pegcetacoplan had a favorable safety
profile in patients with previous exposure to a C5i. Taken together,
the 2 phase 3 trials demonstrate the ability of pegcetacoplan to
effectively and safely treat a wide range of patients with PNH, both
treatment-naive and C5i-experienced.

Studies of eculizumab and ravulizumab in complement inhibitor–
naive patients with PNH showed improved LDH levels and better
recovery from fatigue,9-11,27 and hemoglobin stabilized to avoid a
≥2-g/dL decrease from baseline. However, normalized hemoglo-
bin, an important parameter for assessing PNH treatment
response,8,31 was not directly assessed for patients who received
C5i treatment, although the hemoglobin levels reported suggest
that hemoglobin normalization was not common for these
patients.9,11,13,16,27 Additionally, a recent survey-based study found
C5i treatment associated with high rates of persistent anemia,
fatigue, and poor QoL (decreased work productivity and impaired
ability to perform daily activities).18 Potential PNH treatments that
target factor D and factor B are being studied.20

This study was limited by the small sample size of the control group.
More than half of patients in the control group receiving only
supportive care escaped to the pegcetacoplan group, limiting
direct comparisons for safety and some efficacy end points
between treatment groups. The post hoc analyses of the pegce-
tacoplan group showed statistically significant CFBs in all mean
hematologic parameters and QoL and fatigue scores, increasing
our confidence in the accuracy of our primary analyses. An
extension study (APL2-307; NCT03531255) enrolling patients
from PRINCE and 4 other pegcetacoplan studies is underway to
evaluate the long-term safety and efficacy of pegcetacoplan for up
to 4 years.32 The current study could not assess the effects of
pegcetacoplan on thrombosis risk in treatment-naive patients with
PNH because no AEs of thrombosis were reported in either
treatment group.
2476 WONG et al
Overall, the PRINCE trial showed that pegcetacoplan compre-
hensively controlled hemolysis in complement inhibitor–naive
patients and rapidly stabilized and normalized hematologic
parameters, decreased fatigue, and improved QoL compared with
the control treatment. These findings show that pegcetacoplan is a
better alternative for existing C5i therapies that stabilize but cannot
normalize hematologic parameters.
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