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Key Points

• Intensive
subcutaneous or IV
pegcetacoplan
treatment was effective
in the management of
acute BTH events in
patients on
pegcetacoplan.

• Intensive
subcutaneous or IV
treatment with
pegcetacoplan was
safe and well tolerated.
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Paroxysmal nocturnal hemoglobinuria (PNH) is characterized by complement-mediated

intravascular hemolysis leading to anemia, fatigue, and potentially life-threatening

thrombotic complications. Breakthrough hemolysis (BTH) was first described in patients

with PNH treated with terminal complement C5 inhibitors when intravascular hemolysis

reoccurred despite treatment. Pegcetacoplan, the first proximal complement C3 inhibitor,

offers broad hemolysis control in patients with PNH. While experience of managing BTH on

C5 inhibitors is documented, very limited guidance exists for proximal complement

inhibitors. This interim analysis assessed the effect of intensive treatment with

pegcetacoplan following an acute BTH event in a subset of patients enrolled in the ongoing

open-label extension study of pegcetacoplan in PNH. Thirteen patients with acute BTH

included in the analysis received either a single IV dose of 1080 mg (n = 4) or 1080 mg

subcutaneous (SC) dosing on 3 consecutive days (n = 9). A potential, clinically-relevant

complement-amplifying condition, such as infection or vaccination, was reported in

approximately half of the patients experiencing an acute BTH. Lactate dehydrogenase

(LDH) levels decreased between day 1 and day 2 in 8 of 12 evaluable patients and in all 13

patients at day 7 to 12. Nine of 13 patients (69%) achieved LDH <2× the upper limit of

normal by day 14 to 19. All adverse events associated with the acute BTH event were

considered resolved by the investigators. Overall, intensive treatment with pegcetacoplan

was safe and well tolerated. These novel data support effective management of acute BTH

events in patients on pegcetacoplan with intensive IV or SC pegcetacoplan dosing. This trial

was registered at www.clinicaltrials.gov as #NCT03531255.
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Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, and poten-
tially life-threatening hematological disease characterized by
chronic complement-mediated hemolysis, thrombosis, and sub-
stantial patient burden.1

Terminal complement C5 inhibitors eculizumab and ravulizumab
have improved patient outcomes and survival, with PNH becoming
a chronic disease in countries where treatment is available.2,3 C3-
mediated extravascular hemolysis (EVH), however, occurs in a
significant proportion of patients treated with C5 inhibitors, leaving
patients with persistent anemia.4,5

Pegcetacoplan, the first proximal C3 inhibitor developed to
address both intravascular hemolysis (IVH) and EVH,6-8 is
approved by the Food and Drug Administration for the treatment of
adults with PNH9 and by the European Medicines Agency for the
treatment of adults with PNH who remain anemic after at least
3 months of C5 inhibitor therapy.10 In the phase 3 PEGASUS trial
(NCT03500549), pegcetacoplan was superior to eculizumab in
improving change in hemoglobin levels from baseline to week 16 in
adults with PNH and ongoing anemia despite stable eculizumab
therapy, with long-term assessment of efficacy and safety of peg-
cetacoplan through 48 weeks demonstrating sustained improve-
ments in hematological outcomes and quality of life measures.7,11

The ongoing pegcetacoplan open-label extension (OLE) study is
evaluating the long-term safety and efficacy of pegcetacoplan in
patients with PNH who have completed 1 of the 5 previous peg-
cetacoplan clinical trials in PNH.12,13

Breakthrough hemolysis (BTH) was first described in patients
treated with C5 inhibitors when IVH reoccurred despite inhibitor
treatment.2,4 Hemolysis adverse events (AEs) were reported in the
PEGASUS trial. Nineteen of 80 patients treated with pegcetaco-
plan experienced a hemolysis AE; 4 patients in the 16-week ran-
domized controlled period and 15 patients during the 32-week
open-label period.11 Most hemolysis events were considered
moderate in severity. Hemolysis AEs led to study discontinuation in
5 patients.11 While clinicians had more than 20 years of experience
in managing BTH on C5 inhibitors, there is currently very limited
guidance on the management of hemolysis on proximal comple-
ment inhibitors.

Here, we report an interim analysis of the effect of acute treatment
with intensive pegcetacoplan (IV or subcutaneous [SC]) following
an acute BTH event in a subset of patients enrolled in the ongoing
OLE study as of the March 2022 data cut.

Methods

Study design

The OLE study (study 307; NCT03531255) is an active, multi-
center, and nonrandomized trial of adults with PNH (≥18 years)
who have completed 1 of the 5 pegcetacoplan trials: phase 1b
(PADDOCK [NCT02588833] and PHAROAH [NCT02264639]),
phase 2a (PALOMINO [NCT03593200]), and phase 3
(PEGASUS [NCT03500549] and PRINCE [NCT04085601]). The
extension study will be 4 years in duration, or until patients are
transitioned to commercially available product. Inclusion criteria for
9 APRIL 2024 • VOLUME 8, NUMBER 7
intensive pegcetacoplan dosing includes acute BTH as defined by
lactate dehydrogenase (LDH) >2× upper limit of normal (ULN) and
the presence of at least 1 new or worsening sign or symptom of
hemolysis (eg, decreased hemoglobin, hemoglobinuria, fatigue,
etc), which in the opinion of the investigator, warrants an acute
intervention.

The OLE study was approved by the Institutional Review Board or
Independent Ethics Committee at participating trial sites and
conducted in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines. Informed consent was obtained
from all patients.

Intervention

Patients in the OLE study can receive SC administration of
1080 mg pegcetacoplan twice weekly, every 3 days, or 3 times
weekly. As per study protocol, pegcetacoplan dosing frequency
may be adjusted from 1080 mg twice weekly to every third day if
LDH levels reach >2× ULN. For any patient already receiving
1080 mg every third day, a dose increase to 1080 mg 3 times
weekly should be considered if LDH is again >2× ULN.

To identify dosing regimens that could achieve an immediate
increase in pegcetacoplan concentrations, simulations were per-
formed to predict pegcetacoplan exposure following various
loading dose strategies with a subsequent increase in maintenance
dosing.

As defined in the study protocol, patients with acute BTH are
eligible to receive 1 of 2 intensive pegcetacoplan treatments: a
single IV dose of 1080 mg or 1080 mg SC on 3 consecutive days
according to investigators’ clinical judgment. The selection of the
intensive regimen was based on physician’s choice. The SC
preparation of pegcetacoplan comes as a ready-to-use acetate-
buffered sorbitol formulation (pegcetacoplan 54 mg/mL, 10 mM
acetate buffer, pH 5.0, containing 4.1% w/v sorbitol) in a 20 mL
glass vial.10 The IV administration of pegcetacoplan uses the same
formulation as used for SC administration. Pegcetacoplan was
administered as a 20 mL infusion (either SC or IV during the
intensive therapy regimen). IV dosing was administered as an
infusion over ~30 minutes. Of note, a specific IV administration
equipment was required for the infusion, which was not available in
all countries. The day of first intervention with intensive treatment
was defined as day 1 (Figure 1).

Following intensive SC dosing, maintenance dosing resumes with
the third daily SC dose replacing the first dose of the new main-
tenance dosing regimen. Patients who receive an IV dose continue
maintenance SC administration uninterrupted, with the timing of
the next dose determined relative to the previous SC dose. Main-
tenance dosing after either regimen will be at the next higher
dosing frequency than that before the episode of acute BTH (ie,
subjects previously receiving 1080 mg twice weekly will receive
maintenance dosing at 1080 mg every 3 days, and subjects pre-
viously receiving 1080 mg every 3 days will receive maintenance
dosing at 1080 mg 3 times weekly). Maintenance dosing does not
exceed 1080 mg 3 times weekly.

Patients in the OLE study who experienced an acute BTH event but
had chosen not to receive intensive pegcetacoplan could continue
to participate in the OLE study with the potential to receive a dose
adjustment to 1080 mg every third day or 3 times weekly.
MANAGEMENT OF BTH WITH INTENSIVE PEGCETACOPLAN 1777
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Figure 1. Study design. Patients enrolled in the OLE study who experienced an acute BTH event had the opportunity to receive either intensive subcutaneous or intravenous

pegcetacoplan as an acute treatment for BTH. Patients who experienced an acute BTH event but had chosen not to receive intensive pegcetacoplan could continue to participate

in the OLE study with the potential to receive a dose adjustment to 1080 mg every third day or 3 times weekly. BTH, breakthrough hemolysis; LDH, lactate dehydrogenase; PEG,

pegcetacoplan; Q3D, every 3 days; SC, subcutaneous; TIW, 3 times weekly; ULN, upper limit of normal.
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Additional management through transfusions to improve anemia-
related symptoms or eculizumab dosing to immediately restore
adequate complement blockade can also be administered based
on investigator judgment. A patient can receive subsequent
intensive pegcetacoplan treatment courses for acute BTH, as long
as the courses are separated by at least 14 days. Subsequent
treatment courses for acute BTH are based on investigator’s
decision, provided the subject meets eligibility criteria and can be
either intensive IV or SC pegcetacoplan, regardless of which was
used for a prior course.

Study population and baseline characteristics

All patients who received intensive pegcetacoplan dosing in the OLE
study until the March 2022 data cut were included in this analysis.

High disease activity was assessed using the baseline character-
istics on entry into the pegcetacoplan parent studies. Criteria for
high disease activity were based on previously used parameters to
evaluate the impact of eculizumab on complement-inhibitor–naïve
patients14 and expanded to reflect more relevant endpoints in
patients treated with complement inhibitors: LDH ≥1.5× ULN;
hemoglobin <10 g/dL14; higher-than-label eculizumab dose;
detectable CH50 on eculizumab; transfusion dependence (≥4
transfusions within 12 months before parent study entry)7,11; and
history of thrombosis. Baseline values collected at entry into the
OLE study were LDH, hemoglobin levels, absolute reticulocyte
count, and bilirubin levels. Additional information collected included
pegcetacoplan dosing regimen at entry into the OLE, dosing
regimen before intensive pegcetacoplan dosing, and duration of
pegcetacoplan exposure overall by subject. Medical records,
records of concomitant medication, and AE reports were reviewed
for potential complement-amplifying conditions (CAC) within
30 days before intensive pegcetacoplan treatment.

Outcome measures

The key efficacy outcome was absolute change in LDH from day 1
of intervention through day 21. Values were assessed on day 1 and
2, and after weeks 1, 2, and 3. Other efficacy outcomes included
percentage of patients with LDH levels <2× ULN through day 21
following intensive pegcetacoplan treatment and the time to
1778 GRIFFIN et al
resolution of the AE of acute BTH as reported by the investigator.
Levels of hemoglobin before, during, and after the intensive peg-
cetacoplan treatment were assessed. Outcome measures were
evaluated with regard to concomitant red blood cell (RBC) trans-
fusions and eculizumab administration.

Safety assessments included incidence and severity of AEs and
serious AEs (SAEs) for up to 21 days after the start of intensive
pegcetacoplan treatment. AEs of special interest included infec-
tions and thromboembolic events. All discontinuations because of
an AE, including hemolysis, were assessed through day 21.

The incidence of recurrent acute BTH events fulfilling the same
criteria as for eligibility, and levels of indirect bilirubin and absolute
reticulocyte count, were assessed before and after intensive peg-
cetacoplan dosing as additional outcomes.

Due to the small sample size and the resulting high variability, no
formal statistical testing was performed, and descriptive statistics
were used to assess the data.

Results

Study population and baseline characteristics

In total, 13 of 137 (9%) patients who entered the OLE study had
received intensive pegcetacoplan dosing at the time of the March
2022 data cut: 10 from PEGASUS, 2 from PRINCE, and 1 from
PADDOCK. Patients were aged between 20 and 72 years, and 5
(38%) patients were female (Table 1).

Baseline characteristics on entry into the pegcetacoplan parent
studies were used to assess the presence of criteria of high dis-
ease activity (Table 1). On entry into the PEGASUS parent study, 3
patients (23%) were receiving a higher-than-label dose of 1200 mg
eculizumab and 7 patients (54%) were receiving the label dose of
900 mg every 2 weeks. The remaining 3 patients were treatment-
naïve for complement inhibitors when they enrolled in PRINCE or
PADDOCK. Eleven patients (85%) had hemoglobin levels <10 g/
dL upon enrollment in their parent study (9 of 10 complement-
inhibitor–experienced patients; 2 of 3 complement-inhibitor–naïve
patients) and 11 patients had detectable CH50 (8 of 10 comple-
ment-inhibitor–experienced patients; all 3 complement-inhibitor–
naïve patients). One of the patients previously treated with C5
9 APRIL 2024 • VOLUME 8, NUMBER 7



Table 1. Patient characteristics

Patient Parent study Sex

Medical

history

of AA/MDS

Prior acute

BTH

episodes

on PEG*,†

Before entering parent study At OLE baseline

ECU

dose

LDH

(U/L)

Hb

(g/dL)

CH50

(U/mL)

RBC

transfusions

within 12

mo

Medical

history of

thrombosis

LDH

(U/L)

Hb

(g/dL)

Reticulocytes

(× 10
9
/L)

Bilirubin

(μmol/L)

PEG dose

frequency

before

intensive

treatment

1 PEGASUS Female no/no no 900 mg every 2 wk 265 8.6 0 2 yes 168 12.5 70 7.4 BIW

2 PEGASUS Female no/no yes 900 mg every 2 wk 177 8.1 9.43 1 yes 609 11.7 120 1.9 Q3D‡

3 PEGASUS Female no/no yes 900 mg every 2 wk 159 8.2 2.42 1 yes 132 11.5 40 6.7 BIW

4 PEGASUS Female yes/no yes 900 mg every 2 wk 214 7.1 4.9 27 no 187 10.1 60 16.1 BIW

5 PEGASUS Female no/no yes 1200 mg every 2 wk 243 10.9 2.61 9 no 162 11.9 70 11.1 Q3D‡

6 PEGASUS Male yes/no no 900 mg every 2 wk 213 8.7 0.13 6 no 154 11.6 80 8.2 BIW

7 PEGASUS Male no/no yes 1200 mg every 2 wk 216 9.3 6.4 0 yes 181 13.5 120 19.0 Q3D‡

8 PEGASUS Male yes/no no 900 mg every 2 wk 188 8.5 0 8 no 262 11.8 80 10.4 BIW

9 PEGASUS Male no/no no 900 mg every 2 wk 503 6.7 22.35 3 no 336 13.9 120 5.3 BIW

10 PEGASUS Male no/no no 1200 mg every 2 wk 225 5.5 8.21 12 no 224 12.6 NR 31.0 BIW

11 PADDOCK Male yes/no yes Treatment naïve 1866 10.4 589 11 no 343 15.0 80 11.1 TIW‡,§

12 PRINCE Male no/no no Treatment naïve 3195 9.7 143 16 yes 193 11.8 92 31.5 BIW

13 PRINCE Male yes/no no Treatment naïve 1371 8.6 72.17 15 no 283 8.0 78 16.6 Q3D§

AA, aplastic anemia; BIW, twice weekly; BTH, breakthrough hemolysis; ECU, eculizumab; Hb, hemoglobin; LDH, lactate dehydrogenase; MDS, myelodysplastic syndrome; OLE, open-label extension; NR, not reported; PEG, pegcetacoplan;
Q3D, every 3 days; RBC, red blood cell; TIW, 3 times weekly.
*AE terms reported for acute BTH (hemolysis, BTH, IVH, and acute hemolysis) were used to assess prior acute BTH episodes.
†Entire duration of PEG treatment.
‡Patient had LDH >2× ULN and experienced an AE of BTH that was deemed related to PNH by the investigators.
§Patient had LDH >2× ULN and experienced an AE of anemia that was deemed related to PNH by the investigators.
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inhibitor had an LDH measurement ≥1.5× ULN before entering the
pegcetacoplan parent study. All 3 complement-inhibitor–naïve
patients had LDH levels >1000 U/L. Number of RBC transfusions
in the 12 months before entering the parent studies ranged from
0 to 27 transfusions (median of 8.0) with ≥4 transfusions admin-
istered in 8 patients (62%). Of the 13 patients, 5 (38%) had a
medical history of thrombosis before entry into their parent study.

Patient characteristics, including hematological parameters at entry
into the OLE, are presented in Table 1. All 13 patients included in
this analysis received 1080 mg pegcetacoplan twice weekly on
entry into the OLE study. At OLE entry, median LDH levels were
193 U/L (range, 132-609 U/L), and mean hemoglobin levels were
12.0 g/dL (range, 8-15 g/dL).

Immediately before beginning the intensive pegcetacoplan dosing
regimen, 8 patients (62%) were receiving pegcetacoplan twice
weekly, 4 patients (31%) were receiving pegcetacoplan every
3 days, and 1 patient (8%) was receiving pegcetacoplan 3 times
weekly (Table 1), all in accordance with dose adjustments to
manage increased LDH levels as allowed per study protocol. For 4
of the 5 patients with increased pegcetacoplan doses, AEs of BTH
that were deemed related to PNH were reported leading up to the
dose increase (Figure 2). The median time on pegcetacoplan
treatment in the OLE study until the acute BTH event qualifying for
intensive pegcetacoplan dosing was 77 weeks (range, 52-108).
The median time from a qualifying acute BTH event until first dose
of intensified treatment was 24 hours (range, 0-48).
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Figure 2. Management of acute BTH events in the OLE study. At the time of March

deemed related to PNH by the investigators. ꝉPatient had LDH >2× ULN and experienced

event qualifying for administration of first round of intensive pegcetacoplan dosing. §Repea

BTH, breakthrough hemolysis; CAC, complement-amplifying condition; D, day; ECU, eculizu

3 days; RBC, red blood cell; SC, subcutaneous; TIW, 3 times weekly; ULN, upper limit of
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Efficacy

Acute BTH events were managed with intensive pegcetacoplan
SC dosing in 9 patients (69%) and a single pegcetacoplan IV
dose in 4 patients (31%) (Table 2; Figure 2). One patient
received a second round of intensive pegcetacoplan dosing to
manage the same acute BTH event (Figure 2). Three patients
experienced repeat acute BTH events after resolution of the first
event and were treated with a second round of intensive peg-
cetacoplan IV dosing (Table 2; Figure 2). One patient received a
third round of intensive treatment for another repeat acute BTH
event occurring during the study. Overall, all AEs associated with
the acute BTH event treated with intensive pegcetacoplan
dosing were considered resolved by the investigators (Figure 2).
The median time to resolution of the initial AE of acute BTH (as
reported by the investigator) was 15.0 days (interquartile range,
7.0-19.0).

Concomitant RBC transfusions to improve anemia-related symp-
toms were administered in 4 of 13 patients (31%) (Table 2;
Figure 2). Patients who required RBC transfusions had a mean
hemoglobin drop of 3.3 g/dL compared with 2.4 g/dL drop in
patients who did not undergo transfusion (mean hemoglobin drop
for all patients, 2.7 g/dL). One patient (8%) received a concomitant
dose of 900 mg eculizumab to restore adequate complement
blockade 5 days after the initiation of intensive pegcetacoplan
dosing because of sustained high LDH levels (after 2 weeks: LDH,
359 U/L; hemoglobin, 10.0 g/dL).
IV
D606590 D613

IV
D836

V
D572

IV
D916 D921

584

D684
SC

D700

D824D756
IV

D760

D712
SC
D731

PEG

 PEG

PEG

ECU rescue

BTH resolved

LDH below threshold at assessment

LDH above threshold at assessment

Packed RBC

Antithrombotics

2022 data cut. *Patient had LDH >2× ULN and experienced an AE of BTH that was

an AE of anemia that was deemed related to PNH by the investigators. ‡Acute BTH

t acute BTH event treated with intensive pegcetacoplan dosing. BIW, twice weekly;

mab; IV, intravenous; LDH, lactate dehydrogenase; PEG, pegcetacoplan; Q3D, every

normal.
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Table 2. Management of acute BTH events with intensive pegcetacoplan treatment in the OLE study*

Patient Sex

Potential

CAC†

Management

of acute BTH event

Concomitant

anticomplement

treatment

Concomitant

RBC transfusion

Subsequent

rounds of

intensive

treatment‡

LDH (U/L)

prior to event§

LDH (U/L)

at day 1

LDH (U/L)

at day 2

LDH (U/L)

at day

7-12¦

LDH (U/L)

at day

14-19‖
1 Female Nasopharyngitis IV No No No 625 2615 1802 469 617

2 Female Unexplained SC No No No 334 1882 1607 272 176

3 Female Respiratory infection SC No Yes Yes 224 3496¶ NR 954 2102

4 Female Unexplained IV No No Yes 793 1425 1054 357 271

5 Female COVID-19 vaccination SC No No No 229 976 1129 401 157

6 Male Left groin
abscess

SC No No No 268 436 448 182 144

7 Male COVID-19 and meningococcal
vaccination

IV No No No 201 1234 869 260 173

8 Male Unexplained SC No No No 398 1335¶ 1261 438 266

9 Male Unexplained SC No No No 662 1961 1840 499 326

10 Male Unexplained SC Eculizumab
900 mg

No No 193¶ 1708¶ 1849¶
(day 3)

1517¶ 359¶

11 Male Unexplained IV No Yes Yes 456 5865 3868 1173 958

12 Male COVID-19 vaccination SC No Yes Yes 273 6339¶ 6767¶ 841 452

13 Male Unexplained SC No Yes No 402 751 662 397 267

BTH, breakthrough hemolysis; CAC, complement-amplifying condition; COVID-19, coronavirus disease 2019; NR, not reported; RBC, red blood cell.
*In cases of multiple acute BTH events, the data relate to the first acute BTH event. Day 1 of intensive treatment may not necessarily mean day 1 of hemolysis event, therefore, LDH levels before event may not represent baseline values.
†Potential CAC within 30 days before intensive pegcetacoplan treatment.
‡To manage subsequent acute BTH events additional doses of intensive pegcetacoplan IV were administered.
§Most recent available measurement before intensive pegcetacoplan treatment.
‖Dependent on available measurement 7 to 12 days and 14 to 19 days after intensive pegcetacoplan treatment, respectively.
¶Data from local laboratory; laboratory values from local laboratories were standardized to central laboratory based on normal ranges from respective laboratories.
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Six of the 13 patients (46%) reported a potential clinically-relevant
CAC within 30 days before day 1 of intensive treatment (Table 2;
Figure 2). Three patients (23%) experienced an AE that could
qualify as a CAC (nasopharyngitis, respiratory infection, and left
groin abscess) and 3 patients (23%) received a vaccination before
the acute BTH event that could also qualify as a CAC (Table 2).
Potential CACs were reported in 3 of 4 patients who had an LDH
level >10× ULN on day 1 of intensive treatment and 4 of 9 patients
who experienced a >2 g/dL drop in hemoglobin. Potential clinically-
relevant CACs (fever and acute kidney injury, food poisoning) were
additionally reported before half of the repeat acute BTH events
that were treated with additional rounds of intensive pegcetacoplan
dosing (Figure 2).

Levels of LDH over time by patient are shown in Table 2 and
Figure 3A. LDH levels decreased between day 1 and day 2 in 8 of
12 evaluable patients (4 of 8 patients who underwent intensive SC
and 4 of 4 patients who were treated with IV) and in all 13 patients
at day 7 to 12. Nine of 13 patients (69%) (SC, 7 of 9; IV, 2 of 4)
experienced an LDH of <2× ULN by day 14 to 19. Two patients
experienced an increase in LDH levels by day 14 after a prior
reduction in levels, 1 of whom had a repeat acute BTH event that
was treated with an additional round of intensive pegcetacoplan.

After the initial drop in hemoglobin caused by the acute BTH event,
hemoglobin level improved for all patients regardless of adminis-
tration of RBC transfusions over the course of intervention up to
days 14 to 19. One patient experienced only a minimal drop in
hemoglobin level after the acute BTH event. Hemoglobin change
over time is shown in Figure 3B.

Mean absolute reticulocyte counts and bilirubin were increased
above the ULN during the acute BTH episode and reduced from
the peak value or returned to normal levels, respectively, with
intensive pegcetacoplan treatment, within 14 to 19 days (Table 3).
Platelet count remained largely unchanged during the acute BTH
episode.

Safety

Intensive treatment with pegcetacoplan was safe and well-
tolerated with no different AEs identified compared with those in
previous pegcetacoplan studies (Table 4). A total of 22 AEs
occurred in 7 patients (54%) in the 21 days after the initiation of
intensive pegcetacoplan treatment, with 4 AEs reported during the
intensive pegcetacoplan treatment, defined as day 1 for IV and day
1 to 3 for SC (Table 4). The majority of events were mild in severity
and not considered related to study drug.

There was a total of 3 SAEs from day 1 to day 21 (Table 4). Two
events occurred on day 1 before intensive treatment. One was an
event of sepsis, deemed possibly related to the study drug, and 1
event of hemolysis that led to intensive pegcetacoplan treatment,
unlikely related to the study drug. The third event was an additional
episode of hemolysis that led to another round of intensive treat-
ment; this event was triggered by a COVID-19 infection and
deemed not related to the study drug. Neither the acute BTH
events qualifying the patients for intensive pegcetacoplan treat-
ment nor any of the AEs or SAEs led to treatment discontinuation
at the time of data cut. There were no deaths reported.

All AEs reported from day 1 of intensive pegcetacoplan treatment
until day 21 are shown in Table 4. Infusion site reactions were the
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most common AEs (n = 8), accounting for 80% of AEs deemed
related to study drug. Three patients experienced 5 acute hemo-
lysis events as reported by the investigator in the 21 days after the
initiation of intensive pegcetacoplan treatment. One patient had 3
events (Figure 2), of which 1 was treated with an additional round
of pegcetacoplan (as per the protocol in which courses of intensive
pegcetacoplan had to be separated by at least 14 days). The other
2 patients had 1 event each, which was also the event leading to
intensive pegcetacoplan treatment in both cases. Potential
clinically-relevant CACs (fever and acute kidney injury, nasophar-
yngitis, and vaccination) were reported before the hemolysis events
in all 3 patients.

Besides 1 SAE of sepsis that started before the initiation of the
intensive treatment, no other AEs of infection, in particular menin-
gitis, were reported within the 21 days after the start of intervention.
Despite high LDH levels at the time of the acute BTH, none of the
patients experienced a thromboembolic event during the evaluation
period. Three patients (23%) received antithrombotic agents
(factor Xa inhibitor or low molecular weight heparin) during the
acute BTH event (Figure 2).

Discussion

The novel data reported here support effective management of
acute BTH events in patients on pegcetacoplan with intensive SC
or IV pegcetacoplan dosing. Some patients benefited from addi-
tional RBC transfusion to improve anemia-related symptoms.

Mechanistically, the broad control of both IVH and EVH achieved
through C3 inhibition leads to increased survival of PNH RBCs,
which can approach levels of >90%.7,11 A proposed consequence
of this high level of efficacy is a greater proportion of PNH RBCs
that are susceptible to lysis with the subsequent potential for
severe acute anemia.15,16 Here, we report acute BTH events
characterized by a rapid increase in LDH levels coupled with a drop
in hemoglobin levels. Intensive pegcetacoplan treatment led to a
relatively rapid reduction in LDH levels (<2× ULN in 69% of
patients) within 14 to 19 days of treatment initiation. Additionally,
hemoglobin levels were stabilized in all patients during the inter-
vention regardless of transfusion status. Overall, all acute BTH
events treated with intensive pegcetacoplan dosing were consid-
ered resolved by the investigators.

In the setting of C5 inhibitor therapy, hemolysis events can result
from incomplete blockade of C5 associated with both residual
complement activity and low plasma levels of free eculizumab.17

These pharmacokinetic-driven breakthrough events may require a
dose adjustment through an increased dose, a shorter interval
between doses, or both to control disease symptoms.18 In addition,
clinical conditions triggering complement activation, such as infec-
tion, vaccination, or surgery, which occur during complement inhi-
bition can disrupt pharmacodynamics, despite adequate dosing, and
increase the risk of breakthrough IVH.15,19,20 While hemolysis events
in the context of C5 inhibitor therapy have been identified as largely
pharmacokinetic in nature,15 the mechanisms underlying such in
patients treated with pegcetacoplan remain an area of research.

In this analysis, approximately half of the patients who received
intensive pegcetacoplan dosing experienced acute BTH that can be
linked to a potential CAC, such as infection or vaccination, indicating
a possible pharmacodynamic influence. Proximal therapeutic
9 APRIL 2024 • VOLUME 8, NUMBER 7
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Figure 3. Levels of LDH and hemoglobin over time during management of the acute BTH event with intensive pegcetacoplan treatment. (A) LDH level on log 10

scale. (B) Hemoglobin level. In cases of multiple acute BTH events, data relate to first acute BTH event reported. All local laboratory values were standardized to a central

laboratory based on normal ranges from respective laboratories. *Most recent available measurement before intensive pegcetacoplan treatment. †Dependent on available
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Table 3. Summary of additional hematological measurements during management of the acute BTH event with intensive pegcetacoplan

treatment

Hematological parameters Prior to event* At day 1 At day 2

At day

7-12† At day 14-19†

Mean (SD) standardized values

Absolute reticulocyte count, 109 cells/L
(normal reference range, 30-120)

107.5 (30.8)
n = 12

140.7 (41.9)
n = 9

138.0 (35.2)
n = 10

137.3 (43.8)
n = 11

136.4 (36.7)
n = 11

Indirect bilirubin, μmol/L
(normal reference range, 1.7-15.4)

12.5 (5.0)
n = 13

30.3 (19.1)
n = 11

16.7 (8.6)
n = 11

9.7 (4.7)
n = 12

11.1 (5.1)
n = 11

Direct bilirubin, μmol/L
(normal reference range, 0.0-3.4)

3.3 (1.5)
n = 13

4.8 (1.9)
n = 11

4.0 (1.9)
n = 11

2.8 (1.7)
n = 12

2.9 (1.5)
n = 11

Platelets, 109 cells/L
(normal reference range, 140-400)

143.9 (92.7)
n = 13

152.2 (97.7)
n = 10

147.0 (88.3)
n = 11

143.9 (71.0)
n = 12

150.6 (83.8)
n = 12

In cases of repeat acute BTH events, the data relate to first acute BTH event. All local laboratory values were standardized to central laboratory based on normal ranges from respective
laboratories. BTH, breakthrough hemolysis; RBC, red blood cell; SD, standard deviation.
*Most recent available measurement before intensive pegcetacoplan treatment.
†Dependent on available measurement 7-12 days and 14-19 days after intensive pegcetacoplan treatment, respectively.

Table 4. Incidence and severity of AEs in the 21 days following the

initiation of intensive pegcetacoplan treatment

Patients (N = 13)

Patients with ≥1 AE, n (%) 7 (54)

Total AEs, n (%) 22

Mild 13 (59)

Moderate 4 (18)

Severe 5 (23)

Related to PEG 10 (45)

AEs during intensive dosing, n (%) 4 (18)

Mild 3 (14)

Moderate 0

Severe 1 (5)

Related to PEG 2 (9)

Serious AEs, n (%) 3 (14)

Related to PEG 1 (5)

AEs leading to treatment discontinuation, n (%) 0

AEs leading to death, n (%) 0

AEs by preferred term, n

Infusion site erythema 7

Hemolysis 5

Increased LDH 2

Anemia 1

Blood creatinine increased 1

CRP increased 1

Chest discomfort 1

Headache 1

Infusion site induration 1

Pyrexia 1

Sepsis 1

AEs of interest

Infection 1

Thrombosis 0

AE, adverse event; CRP, C-reactive protein; LDH, lactate dehydrogenase; PEG,
pegcetacoplan; SAE, serious adverse event.
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strategies for PNH target the alternative complement pathway;
however, in vitro data demonstrate that a strong classical pathway
activation, for example in relation to a CAC, can lead to C5 activation
despite C3 inhibition. C3 bypass activation of C5 occurs as a result
of surface-deposited C4b, which can recruit and prime C5 for
consecutive proteolytic activation.21,22 Because this analysis is
solely based on investigator reporting of AEs or concomitant medi-
cation, the number of CACs may be even higher. Based on the small
available data set, no conclusions can be drawn on the mechanism
underlying acute BTH events under proximal inhibition at this
moment and further research is required.

When evaluating disease activity based on our adapted assess-
ment, all 13 patients who received intensive pegcetacoplan dosing
in the OLE study fulfilled at least 1 of the criteria for high disease
activity at the time of entry into the parent study. The majority of
patients in the OLE study (77%) rolled over from the PEGASUS
study, a study population with difficult-to-control disease, including
30% of patients on a higher-than-label dose of eculizumab before
entry, suggesting a population prone to experiencing hemolysis.7

Intensive pegcetacoplan treatment was effective in the manage-
ment of acute BTH events, even in patients with difficult-to-control
disease, and patients remained on pegcetacoplan throughout the
intensive treatment period.

Overall, intensive treatment with pegcetacoplan was safe and well-
tolerated, and most AEs were mild or moderate in severity. Patients
have increased risk of thrombosis during hemolytic events23 and 3
of the 13 patients received antithrombotic agents during the acute
BTH event, however no thromboembolic events were reported. The
administration of antithrombotic agents was not defined in the
study protocol.

Although hemoglobin levels stabilized in all patients during the
intervention regardless of transfusion status, absolute changes in
hemoglobin levels because of intensive pegcetacoplan treatment
should be interpreted with caution in patients who received RBC
transfusions during acute BTH management. In addition, the pre-
sented levels for hemoglobin and LDH before intensive pegceta-
coplan treatment were those most recently available and may not
necessarily reflect steady-state values. A further limitation is the
timing of LDH measurements after intensive treatment, which might
have affected the accuracy of the time to resolution of acute BTH.
9 APRIL 2024 • VOLUME 8, NUMBER 7
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Overall, the small sample size of the study limits conclusions that
can be drawn, in particular when assessing any potential differ-
ences between intensive SC and IV dosing.

Further investigation is required to complement the clinical data
presented, in particular data on pharmacokinetics and pharmaco-
dynamics, to better understand the optimization of pegcetacoplan
treatment in individual patients and to allow identification of bio-
markers indicative of BTH risk to prevent their occurrence. While
the intensive treatment regimen might prevent pharmacokinetic
BTH in patients with insufficient dosing and mitigate BTH in
patients who were well dosed at the time of CAC, self-limitation of
the BTH event owing to resolution of the underlying CAC cannot
be ruled out without complement activity data collected at the time
of BTH and during treatment with intensive pegcetacoplan.

Although progress has been made in the management of hemolysis
during pegcetacoplan treatment, risk-mitigation strategies continue to
be necessary. Strategies should focus on patient and clinician edu-
cation, and patients switching from C5 inhibitors to pegcetacoplan
should be closely observed for signs of hemolysis.24,25 If a hemolysis
event occurs, immediate RBC transfusion, pegcetacoplan dose
adjustment, or short-term administration of eculizumab to control the
acute episode should be considered. Patients can remain on peg-
cetacoplan, with current prescribing information allowing for a peg-
cetacoplan dose increase from twice weekly to up to every 3 days in
cases of LDH >2× ULN.9,10 Patients should be alerted to possible
CACs and in the event of pharmacodynamic influence, the identified
CAC should be treated in parallel with increased pegcetacoplan
dosing per approved prescribing information.24,25

The management of acute BTH events in patients with PNH on
complement inhibitors is an evolving field. With continued and
expanded use of proximal inhibitors, management will become
more optimal and patients at higher risk of acute BTH events easier
to identify.
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