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Abstract

Background: Ravulizumab, the only long-acting complement C5 inhibitor for adults with
paroxysmal nocturnal hemoglobinuria (PNH), demonstrated non-inferiority to eculizumab after
26 weeks of treatment in complement inhibitor-naive patients during a phase Ill randomized
controlled trial. We present open-label extension results with up to 52weeks of treatment.
Methods: Patients assigned to ravulizumab every 8 weeks (q8w) or eculizumab every 2weeks
during the randomized primary evaluation period received ravulizumab g8w during the
26-week extension. Efficacy endpoints were lactate dehydrogenase (LDH) normalization,
transfusion avoidance, breakthrough hemolysis (BTH], LDH levels, Functional Assessment
of Chronic Illness Therapy (FACIT)-Fatigue scale, and stabilized hemoglobin. Serum free C5
levels and safety were assessed. Outcomes as of the data cut-off (4 September 2018) were
summarized using descriptive statistics.

Results: Overall, 124 patients continued ravulizumab, and 119 switched from eculizumab to
ravulizumab. During the extension, 43.5% and 40.3% of patients in the ravulizumab-ravulizumab
and eculizumab-ravulizumab arms, respectively, achieved LDH normalization; 76.6% and

67.2% avoided transfusion. BTH decreased in the eculizumab-ravulizumab arm; no events were
associated with free C5 =0.5ug/mL while receiving ravulizumab. Overall, 73.4% and 65.5%

of patients in the ravulizumab-ravulizumab and eculizumab-ravulizumab arms, respectively,
achieved stabilized hemoglobin. Similar proportions of patients achieved =3-point improvement

in FACIT-Fatigue at week 52 (ravulizumab-ravulizumab, 64.5%; eculizumab-ravulizumab, 57.1%).

All patients maintained free C5 <0.5pug/mL during the ravulizumab extension, including those
who experienced C5 excursions =0.5ug/mL while receiving eculizumab during the primary
evaluation period. Adverse events were comparable between groups and decreased over time.
Conclusion: In adult, complement inhibitor-naive patients with PNH, ravulizumab g8w for
up to 52weeks demonstrated durable efficacy and was well tolerated, with complete and
sustained free C5 inhibition and a decreased incidence of BTH with no events associated with
loss of free C5 control.
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Paroxysmal nocturnal hemoglobinuria (PNH) is
a rare, lifelong blood disorder. Patients with PNH
lack important proteins on the surface of their red
blood cells, white blood cells, and platelets.
Without these protective proteins, the comple-
ment system, which is part of the body’s natural
defense, attacks and destroys the body’s own red
blood cells as foreign invaders. This process is
known as intravascular hemolysis (inside blood
vessels). Hemolysis results in a loss of hemo-
globin, which is responsible for transporting oxy-
gen to all the cells of the body. Furthermore,
patients may present with a variety of symptoms.
These include stomach pain, difficulty swallow-
ing, fatigue, shortness of breath, low levels of red
blood cells (anemia), dark-colored urine, trouble
concentrating and erectile dysfunction in men.
PNH has serious complications, including blood
clots, which may be fatal.

Eculizumab is an established treatment for adults
with PNH. It works by blocking the complement
system and protecting blood cells from the attack
of the body’s defense system. Eculizumab is given
every 2weeks by intravenous infusion (directly
into the bloodstream through a vein). Some
patients taking eculizumab have hemolysis even
after starting treatment (i.e. breakthrough hemol-
ysis). Breakthrough hemolysis is associated with
an increase in lactate dehydrogenase levels (an
enzyme which is released when red blood cells are
destroyed due to hemolysis) and a new or worsen-
ing symptom or a serious complication.

Ravulizumab is the first treatment for PNH
designed to last longer in the bloodstream and is
given every 8weeks. It works the same way as
eculizumab, by blocking the complement system
and protecting the patient’s own blood cells from
being attacked by the body’s defense system.

In this study, adults with PNH took eculizumab
or ravulizumab for 26 weeks. Then they either
continued taking ravulizumab or switched from
eculizumab to ravulizumab. Ravulizumab contin-
ued to be effective and well-tolerated through
52weeks of treatment. In addition, patients who
switched from eculizumab to ravulizumab after
26 weeks had consistent efficacy and safety out-
comes when compared with patients who received
ravulizumab for 52weeks. The safety profile for
patients treated with ravulizumab was similar to
that previously shown for patients treated with
eculizumab, with side effects decreasing over

time. Importantly, there were fewer events of
breakthrough hemolysis after patients switched to
ravulizumab. In this study, patients were required
to receive a vaccination against meningococcal
infection, and no patients reported meningococ-
cal infection during the 52 weeks of treatment.

These results show that (a) ravulizumab remains
well-tolerated and effective over lyear and (b)
patients taking eculizumab can switch safely to ravuli-
zumab without interruption of therapy.

Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is a
rare hematologic disorder that is characterized by
intravascular hemolysis, bone marrow failure, and
thrombosis.! Most patients with PNH have an
acquired somatic mutation in the phosphatidylino-
sitol glycan class A (PIGA) gene, leading to
reduced or absent glycosylphosphatidylinositol
(GPI) anchor proteins.!»2 Deficiency of GPI-
anchored complement regulatory proteins CD55
and CD59 results in complement-mediated intra-
vascular hemolysis and other disease manifesta-
tions such as platelet, monocyte, and granulocyte
activation.! Intravascular hemolysis is a significant
contributor to morbidity and mortality in patients
with PNH.3*

Eculizumab, a humanized monoclonal antibody
that inhibits terminal complement C5 activation,’
was the first approved treatment for patients with
PNH and has changed the paradigm of PNH
management. Intravenous infusion of eculizumab
every 2weeks (q2w) reduced hemolysis and
increased hemoglobin stabilization, improved the
rate of transfusion independence, and enhanced
patient quality of life (QoL).58 Compared with
pre-treatment rates, eculizumab is associated
with an 82% relative reduction in thromboembo-
lism,® which is an independent predictor of mor-
tality in patients with PNH.3 Despite established
efficacy, up to 27% of patients continue to experi-
ence breakthrough intravascular hemolysis while
receiving approved dosages of eculizumab that
may require dosing intervals to be shortened to
<14 days or individual dosages to be increased.8°
Breakthrough hemolysis (BTH) in patients with
PNH typically occurs around the time of low
serum concentrations of eculizumab or in the set-
ting of infection, operative stress, or preg-
nancy,!%11 but residual intravascular hemolysis
may occur even when serum levels of eculizumab

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

H Schrezenmeier, A Kulasekararaj et al.

are adequate.!? The biweekly infusions and the
risk of BTH represent a burden to patients. Thus,
to further enhance the treatment for patients with
PNH, providing complete C5 inhibition (by
maintaining free C5 levels below a threshold of
<0.5ug/mL) may help to minimize the occur-
rence of BTH and benefit patients with PNH.

Ravulizumab is the first long-acting C5 inhibitor
approved for the treatment of PNH and was devel-
oped through targeted engineering of eculizumab to
provide immediate, complete, and sustained C5
inhibition with 8-week dosing intervals.!® In phase
IIT studies in patients with PNH who were naive to!3
or previously treated with a complement inhibitor,!4
ravulizumab was non-inferior to eculizumab with
respect to normalization and percentage change in
lactate dehydrogenase (LLDH), transfusion avoid-
ance, rates of BTH, and hemoglobin stabilization
during the 26-week primary evaluation period. In
patients naive to complement inhibitor therapy, the
rate of BTH was 4% with ravulizumab and 11%
with eculizumab.!? Ravulizumab was also non-infe-
rior to eculizumab with respect to improvements in
fatigue as measured by the Functional Assessment of
Chronic Illness Therapy (FACIT)-Fatigue scale!314
and was comparable to eculizumab for QoL out-
comes as measured by the European Organisation
for Research and Treatment of Cancer Quality of
Life Questionnaire-Core 30 Scale (EORTC
QLQ-C30).13

The aim of this study was to assess, per protocol
design, the efficacy and safety of ravulizumab for
an additional 26weeks following the primary
evaluation period (i.e. 1year of treatment) and to
assess the efficacy and safety of ravulizumab after
switching from eculizumab in adults with PNH
naive to complement inhibitor therapy who par-
ticipated in the randomized controlled trial.

Methods

Study design

This was an open-label extension of a phase III,
randomized, active-controlled trial conducted at
123 centers in 25 countries [ClinicalTrials.gov
identifier: NCT02946463]. Detailed methods
have been previously described.!> The protocol
was approved by the institutional review board or
independent ethics committee at each participat-
ing center, and the study was conducted in accord-
ance with the Declaration of Helsinki and the

Council for International Organisations of Medical
Sciences International Ethical Guidelines.

The study included a 4-week screening period, a
26-week randomized, primary evaluation period
(1:1 ravulizumab/eculizumab), and an open-label
extension period. During the primary evaluation
period, patients in the ravulizumab arm received a
weight-based loading dose (=40 to <60kg,
2400mg; =60 to <100kg, 2700mg; =100kg;
3000mg) on day 1 and subsequent maintenance
doses (=40 to <60kg, 3000mg; =60 to <100kg,
3300mg; =100kg, 3600mg) on day 15 and every
8 weeks (q8w) thereafter, as previously described.!3
Patients in the eculizumab arm received induction
doses (600 mg) on days 1, 8, 15, and 22 and sub-
sequent maintenance doses (900mg) on day 29
and q2w thereafter. During the extension period,
patients who had previously received ravulizumab
continued ravulizumab 8w, and patients who
had previously received eculizumab were switched
to weight-based ravulizumab treatment, receiving
a loading dose on day 183, followed by mainte-
nance doses on day 197 and q8w thereafter.

All patients entering the study must have received
a meningococcal vaccine within 3years before
study drug initiation or at the time of study drug
initiation. Patients who received a meningococcal
vaccine <2weeks before initiating study drug
were required to receive appropriate prophylactic
antibiotics until =2 weeks after vaccination.

Patients

Patients with PNH confirmed by flow cytometry
who were =18 years old were eligible for inclusion
if they were naive to complement inhibitors and
had high disease activity [LDH levels =1.5 times
the upper limit of normal (ULN) and =1 PNH-
related sign or symptom within 3 months of
screening or history of packed red blood cell
transfusion because of PNH]. Patients were
excluded if they weighed <40kg; had a history of
bone marrow transplantation, meningococcal
infection, or unexplained recurrent infection; had
a platelet count <30 X 10%L; or had an absolute
neutrophil count <0.5 X 10%L. All patients pro-
vided written informed consent.

Outcomes
The efficacy endpoints were the proportion of
patients with normalized LDH (defined by LDH
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levels <1X ULN), the proportion of patients
avoiding transfusion (i.e. remained transfusion free
and did not require transfusion per protocol-spec-
ified guidelines), the proportion of patients with
BTH, percentage change from baseline in LDH
levels, change from baseline in QoL as assessed by
the FACIT-Fatigue scale and EORTC QLQ-C30,
and proportion of patients with stabilized hemo-
globin levels. BTH was defined as =1 new or
worsening symptom or sign of intravascular
hemolysis in the presence of elevated LDH =2X
ULN after prior LDH reduction to <1.5X ULN
on treatment. Stabilized hemoglobin was defined
as avoidance of a =2-g/dL decrease in hemoglobin
level from the period baseline in the absence of
transfusion during that period. Additional end-
points included levels of free C5; safety, analyzed
by adverse events (AEs), serious AEs (SAEs), and
major adverse vascular events; and immunogenic-
ity (measured by the development of antidrug anti-
bodies) up to the 52-week cut-off.

Statistical analysis

Outcomes as of the data cut-off (4 September
2018) were summarized using descriptive statis-
tics. Efficacy was analyzed in the extension set
(all patients who entered the extension period),
and safety was analyzed in the safety set (all
patients who received =1 dose of study drug).
For transfusion avoidance, patients who with-
drew from the study for lack of efficacy were
considered non-responders and were included
in the group requiring transfusions, as were
patients who met protocol-specified guidelines
for transfusion regardless of a transfusion being
administered.

Results

Patients

A total of 285 patients were screened, and 246
were randomly assigned to receive ravulizumab
(n=125) or eculizumab (®=121). All 125
patients in the ravulizumab arm completed the
26-week primary evaluation period, and 124
(99.2%) continued to ravulizumab in the open-
label extension period (Figure 1). Of the 121
patients who received eculizumab during the pri-
mary evaluation period, 119 (98.3%) completed
treatment and entered the open-label extension.
As of the data cut-off (4 September 2018), eight
patients discontinued, including three in the

ravulizumab-ravulizumab arm (one each for
physician decision, pregnancy, other) and five in
the eculizumab-ravulizumab arm (two AE, two
physician decision, one death). Patient baseline
demographics and disease characteristics have
been previously reported!? and were generally
similar between treatment groups. At baseline,
overall mean LDH was 1606.4 (SD, 752.7) U/L,
86% of patients had LDH levels =3 X ULN, and
mean granulocyte clone size was 84.7% (SD,
20.0%).13

Efficacy endpoints

At week 52, 43.5% of patients in the ravulizumab—
ravulizumab arm and 40.3% in the eculizumab—
ravulizumab arm had achieved LDH normalization
(Table 1; Figure 2). During the extension period,
76.6% and 67.2% of patients in the ravulizumab—
ravulizumab and eculizumab-ravulizumab arms,
respectively, avoided transfusion (Table 1); 90.2%
and 87.3%, respectively, of those who avoided
transfusion during the primary evaluation period
maintained the response during the extension
period.

During the extension period, four patients in the
ravulizumab-ravulizumab arm and two patients in
the eculizumab-ravulizumab arm experienced BTH
compared with five patients and 13 patients, respec-
tively, during the primary analysis period (Table 1).
None of the BTH events during the extension
period was associated with free C5 =0.5ug/mL
(Table 2). LDH levels at the end of the primary
evaluation period were maintained throughout the
extension period for both treatment groups
(Figure 3). At 52weeks, 64.5% and 57.1% of
patients in the ravulizumab-ravulizumab and eculi-
zumab-ravulizumab arms, respectively, experi-
enced a =3-point improvement in FACIT-Fatigue
score (Table 1). Mean change in FACIT-Fatigue
scores from study baseline to 52weeks was 7.5 and
6.4 in the ravulizumab-ravulizumab arm and eculi-
zumab-ravulizumab arm, respectively (Figure 4).
Similar proportions of patients in the ravulizumab—
ravulizumab arm and eculizumab-ravulizumab arm
experienced a =10-point improvement in the
EORTC QLQ-C30 global health, physical func-
tioning, and fatigue subscales at 52weeks (Figure
5). A total of 73.4% and 65.5% of patients in the
ravulizumab-ravulizumab arm and eculizumab—
ravulizumab arm, respectively, achieved stabiliza-
tion of hemoglobin during the extension period
(Table 1). Of those who had achieved stabilized
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Did not enter extension
phase (n=1)

Discontinued (n = 3)

* Physician decision (n = 1)
* Pregnancy (n=1)

* Other (n=1)

Screened

(N =285) Excluded (n = 39)*
» Met exclusion criteria (n = 33)

v * Did not meet inclusion criteria (n = 23)
* Other (n=7)
Randomized
(N = 246)
v v
Ravulizumab Eculizumab
(n=125) (n=121)

}

l—»

Completed primary
evaluation period
(n = 125)

Completed primary
evaluation period
(n=119)

—
v

l

Entered extension period
(n=124)

Entered extension period
(n=119)

4—
v

N
v

Ongoing in extension as
of data cut-off
(n=121)

Ongoing in extension as
of data cut-off
(n=114)

Discontinued (n = 2)
* Physician decision (n = 1)
« Patient decision (n = 1)

Discontinued (n = 5)

» Adverse event (n = 2)

* Physician decision (n = 2)
* Death (n=1)

Figure 1. Patient disposition.
*Patients may be counted in more than one category.

Table 1. Summary of efficacy endpoints in the primary evaluation and extension periods.

Patients, n (%) Ravulizumab-ravulizumab Eculizumab-ravulizumab

Primary Extension periodt Primary Extension period*t
evaluation period* weeks 27-52 evaluation period* weeks 27-52
weeks 1-26 n=124 weeks 1-26 n=119
n=125 n=121
LDH normalization 61(48.8) 54 (43.5) 54 (44.6) 48 (40.3)
Transfusion avoidance 92 (73.6) 95 (76.6) 80 (66.1) 80 (67.2)
BTH 5 (4.0) 4(3.2) 13(10.7) 2(1.6)
Stabilized hemoglobin 85 (68.0) 91 (73.4) 78 (64.5) 78 (65.5)
77 (61.6) 80 (64.5) 71 (58.7) 68 (57.1)

=3-point improvement in FACIT-Fatigue

*Full analysis set (all patients who received =1 dose of study drug and had =1 efficacy assessment after the first infusion).
TExtension set (all patients who entered the extension period).
BTH, breakthrough hemolysis; FACIT, Functional Assessment of Chronic Illness Therapy; LDH, lactate dehydrogenase.

hemoglobin levels during the primary evaluation Free C5 levels
period, 89.4% and 85.7%, respectively, maintained Patients in the ravulizumab-ravulizumab arm con-
the response during the extension period. tinued to maintain complete terminal complement
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Figure 2. Proportion of patients achieving LDH normalization during the primary evaluation (weeks 1-26) and extension (weeks

27-52) periods.

*Number of patients may be lower than number enrolled at time point because of exclusion of samples having serum potassium =6é mmol/L and LDH
=2x ULN, missing samples (because of site error or for any other reason), or patient discontinuations during the extension.

fLDH levels were not measured for patients in the ravulizumab-ravulizumab group on days 197 and 225.

BL, baseline; LDH, lactate dehydrogenase; ULN, upper limit of normal.

Table 2. Analysis of BTH events.

Events, n Ravulizumab-ravulizumab Eculizumab-ravulizumab
Primary Extension period*t Primary Extension period*
evaluation period*  weeks 27-52 evaluation period*  weeks 27-52
weeks 1-26 n=124 weeks 1-26 n=119
n=125 n=121

BTH 5 5% 158 2

Free C5 =0.5pug/mL 0 0 7 0

Infection (with no free C5 elevation) 4 1 4 1

Undetermined# 1 4 4 1

*Full analysis set (all patients who received =1 dose of study drug and had =1 efficacy assessment after the first infusion).
TExtension set (all patients who entered the extension period).
1A total of four patients had five events; one patient with two events had one infection-related event and one event unrelated to free C5 =0.5ug/mL

or infection.

8A total of 13 patients had 15 events; two patients with free C5 =0.5pug/mL had concomitant infection.
#Unrelated to known complement amplifying condition, infection, or loss of free C5 control.
BTH, breakthrough hemolysis.

inhibition (serum free C5 levels<<0.5ug/mL)
through 52weeks (Figure 6A). After switching
from eculizumab to ravulizumab, no patient had
serum free C5 =0.5pug/mL (Figure 6B).

Safety
Treatment with ravulizumab was well tolerated.
The incidence of treatment-emergent AEs

(TEAESs) decreased during the extension period in
both arms (Table 3). The most common TEAEs
were upper respiratory tract infection [z=10
(8.1%)], nasopharyngitis [z=8 (6.5%)], pyrexia
[n=7 (5.6%)], and headache [n=6 (4.8%)] in the
ravulizumab-ravulizumab arm and nasopharyngitis
[n=15 (12.6%)], headache[rn=10 (8.4%)], nausea
[n=6 (5.0%)], abdominal pain [2=6 (5.0%)], and
anemia [7=6 (5.0%)] in the eculizumab-ravulizumab
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Figure 3. Mean lactate dehydrogenase (LDH] levels during the primary evaluation (weeks 1-26) and extension (weeks 27-52)
periods. Dashed horizontal line indicates 1X upper limit of normal (ULN), and the dotted horizontal line represents 1.5 ULN.
*Number of patients may be lower than number enrolled at time point because of exclusion of samples having serum potassium =6 mmol/L and LDH
=2x ULN, missing samples (because of site error or for any other reason), or patient discontinuations during the extension.
fLDH levels were not measured for patients in the ravulizumab-ravulizumab group on days 197 and 225.
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Figure 4. Mean (95% confidence interval) change from baseline to end of extension period in FACIT-Fatigue scale. FACIT scores
range from 0 to 52, with a higher score indicating less fatigue. Dashed horizontal line indicates threshold that delineates clinically

meaningful improvement (>3 points).

BL, baseline; FACIT, Functional Assessment of Chronic Illness Therapy.

arm (Table 4). No meningococcal infections were
reported through 52 weeks.

The incidence of SAEs remained stable over time
(Table 3). During the extension period, one
patient in the eculizumab-ravulizumab arm
experienced an SAE that was considered a major

adverse vascular event (arterial embolism start-
ing on day 327 and resolving on day 338); the
event was considered unrelated to study treat-
ment. One patient in the eculizumab-ravuli-
zumab arm died during the extension period
following an AE (lung adenocarcinoma) with
onset during the primary evaluation period that
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Figure 5. Proportions of patients maintaining =10-point improvement in European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire-Core 30 Scale: (A) Global Health Status, (B) Physical
Functioning, and (C) Fatigue subscales.

BL, baseline.

was assessed by the investigator as unrelated to discontinuation. No new antidrug antibody-positive
study medication. This patient withdrew during responses were observed in any patient during
the extension period and died 35 days after study the extension period.
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Discussion

In adult patients with PNH naive to complement
inhibitor therapy, ravulizumab demonstrated
durable efficacy through 52weeks of treatment,
with patients in both treatment arms showing a
durable response with respect to achieving LDH
normalization and avoiding transfusion. Patients
switching from eculizumab to ravulizumab after
26 weeks of treatment had outcomes comparable
to those who received continuous ravulizumab
treatment. Ravulizumab produced an immediate,
complete, and sustained inhibition of terminal
complement (defined as free C5 levels <0.5 g/
mL), accompanied by a decreased incidence of
BTH, with no BTH events associated with sub-
optimal terminal complement inhibition (serum
free C5 levels=0.5ug/mL). During the primary
evaluation period, seven patients had shown BTH
accompanied by incomplete terminal comple-
ment inhibition while receiving eculizumab, but
there were no such events after switching to
ravulizumab.

Elevated levels of LDH, a marker for intravascular
hemolysis, is an important factor to consider when
determining severity of PNH and likelihood of
experiencing a benefit from treatment with comple-
ment inhibitors.!5 Elevated levels of LDH (=1.5X
ULN), are associated with increased prevalence of
PNH-related symptoms compared with LDH lev-
els <1.5X ULN, as well as with an increased risk of
complications associated with thromboembolism,
mortality, and reduced QoL.31¢ Transfusion is typ-
ically used as a supportive measure to manage
hemolytic anemia,? or the underlying bone marrow
failure, and 61.3% of patients enrolled in the
International PNH Registry reported history of red
blood cell transfustion.!® Treatment with eculi-
zumab has been shown to reduce transfusion
dependence and rapidly decrease LDH levels.6717
During the primary evaluation period, ravulizumab
demonstrated non-inferiority to eculizumab with
respect to LDH normalization and transfusion
avoidance,!? and these benefits were maintained
during the extension period for the majority of
patients in both treatment arms. Mean LDH levels
in both groups remained stable over 52weeks and
did not increase above 1.5X ULN. Moreover,
transfusion avoidance and LDH results for patients
who switched from eculizumab to ravulizumab
during the extension period were consistent with
those seen in patients receiving continuous ravuli-
zumab in this study. Further support for the effi-
cacy of ravulizumab in patients previously treated
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Figure 6. Free C5 levels through 52weeks in patients in the (A)
ravulizumab-ravulizumab arm and (B]) eculizumab-ravulizumab arm.
The horizontal line in the middle of each box indicates the median, and

a diamond indicates the mean. The top and bottom borders of the box
represent the 75th and 25th percentiles, respectively, and the whiskers
represent the 1.5 interquartile range of the lower and upper quartile.
Asterisks represent values outside the interquartile range. Dashed horizontal lines
indicate serum free C5 concentration of 0.5ug/mL.

BL, baseline; EOI, end of infusion.

with eculizumab was provided by a separate phase
IIT study in which patients had previously been
treated with eculizumab for a mean of 5.8years
before enrolling in the trial.'# In that study, 87.6%
of patients treated with ravulizumab avoided trans-
fusion compared with 82.7% of patients treated
with eculizumab; LDH normalization was achieved
by 66.0% and 59.2% of patients in each group,
respectively.14
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Table 3. Summary of adverse events*.

Patients, n (%)

Ravulizumab-ravulizumab

Eculizumab-ravulizumab

Primary evaluation

Extension period

Primary evaluation Extension period

period weeks 1-26 weeks 27-52 period weeks 1-26 weeks 27-52
n=125 n=124 n=121 n=119
Any TEAE 110 (88.0) 79 (63.7) 105 (86.8) 89 (74.8)
TEAE considered as a major 2(1.6) 0(0) 1(0.8) 1(0.8)
adverse vascular event
TEAE leading to study drug 0(0) 0(0) 1(0.8) 1(0.8)
discontinuation
Any SAE 11(8.8) 9 (7.3) 9 (7.4) 7 (5.9)
SAE leading to study drug 0(0) 0(0) 1(0.8) 1(0.8)
discontinuation
Death 0 (0) 0 (0) 1(0.8)* 0 (0)

*Safety set (all patients who received =1 dose of study drug).
fPatient withdrew from the study during the extension period because of an adverse event of lung adenocarcinoma with onset during the primary
evaluation period assessed by the investigator as unrelated to study medication and died 35days after study withdrawal.

SAE, serious adverse event; TEAE, treatment-emergent adverse event.

Although the introduction of eculizumab has sub-
stantially improved the management of PNH,
some patients may still experience BTH.%9%18
During the primary evaluation period of the cur-
rent study, 15 BTH events were reported in
patients treated with eculizumab, seven of which
were associated with free C5 levels =0.5 pg/mL;!3
during the extension period, two BTH events
were reported in patients who switched from ecu-
lizumab to ravulizumab. The decreased incidence
of BTH in the eculizumab-ravulizumab arm
appeared to be the result of improved C5 control,
as neither BTH event was associated with free C5
=0.5 pg/mL. Five patients experienced BTH with
ravulizumab during the primary evaluation
period, none of which was associated with free C5
=0.5 pug/mL,!? and four patients continuing q8w
dosing of ravulizumab experienced five events of
BTH during the extension. Throughout both
the primary evaluation and extension periods,
all patients receiving ravulizumab achieved
complete terminal complement inhibition (free
C5<0.5 ug/mL).

Patients with PNH experience severe fatigue and
reduced QoL,!° which may be exacerbated in
those who have other symptoms of PNH or a
history of thromboembolism.2® Improvements
in fatigue and QoL seen during the primary
evaluation period!? were generally maintained

throughout the extension period. At 52weeks,
64.5% and 57.1% of patients in the ravulizumab—
ravulizumab and eculizumab-ravulizumab arms,
respectively, experienced a =3-point improve-
ment in FACIT-Fatigue score, which is consid-
ered a clinically meaningful improvement.2!
Although a slightly lower proportion of patients
experienced a =10-point improvement in the
EORTC QLQ-C30 subscales, these changes also
remained stable over time and were similar
between treatment arms. In addition to improv-
ing fatigue and physical functioning, the extended
dosing interval of ravulizumab (q8w versus q2w
with eculizumab), resulting in six infusions per
year as opposed to 26 infusions per year with ecu-
lizumab, has the potential to further improve
patient QoL by minimizing the burden of repeated
infusions and of hospitalization.

Ravulizumab was well tolerated through 52 weeks,
with a comparable percentage of patients experi-
encing TEAEs and SAEs between treatment arms
and only one patient experiencing a major adverse
vascular event (arterial embolism considered
unrelated to study treatment) during the first
26 weeks of the extension period. The safety pro-
file was comparable to that previously reported for
eculizumab, with reductions in the incidence of
TEAE:s over time.%8 For example, in the phase III
trial of eculizumab, 94% of patients who
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Table 4. Treatment-emergent adverse events occurring in =5% of patients in either treatment group in either period by system

organ class*.

Adverse event, n (%) Ravulizumab-ravulizumab

Eculizumab-ravulizumab

Primary evaluation period

Extension period

Primary evaluation period Extension period

weeks 1-26 weeks 27-52 weeks 1-26 weeks 27-52

n=125 n=124 n=121 n=119
Nervous system disorders
Headache 45 (36.0) 6 (4.8) 40 (33.1) 10 (8.4)
Dizziness 91(7.2) 0(0) 7(5.8) 0(0)
Infections and infestations
URTI 13(10.4) 10(8.1) 7 (5.8) 5 (4.2)
Nasopharyngitis 11(8.8) 8 (6.5) 19 (15.7) 15 (12.6)
Viral URTI 9(7.2) 3(2.4) 10 (8.3) 2(1.7)
Musculoskeletal and connective tissue disorders
Pain in extremity 9(7.2) 0(0) 7 (5.8) 3(2.5)
Arthralgia 8 (6.4) 3(2.4) 8 (6.6) 5 (4.2)
Back pain 8 (6.4) 1(0.8) 6 (5.0) 3(2.5)
Myalgia 8 (6.4) 1(0.8) 9 (7.4) 3(2.5)
Gastrointestinal disorders
Nausea 11(8.8) 2(1.6) 10 (8.3) 6 (5.0)
Diarrhea 10 (8.0) 2(1.6) 5 (4.1) 4(3.4)
Abdominal pain 7(5.6) 3(2.4) 7 (5.8) 6 (5.0)
Dyspepsia 5 (4.0) 0(0) 6 (5.0 3(2.5)
Respiratory, thoracic, and mediastinal disorders
Oropharyngeal pain 8 (6.4) 0(0) 6 (5.0 1(0.8)
Cough 4(3.2) 2(1.6) 8 (6.6) 4 (3.4)
Cardiac disorders
Palpitations 7(5.6) 0(0) 2(1.7) 0(0)
General disorders and administration site conditions
Pyrexia 6 (4.8) 7(5.6) 13 (10.7) 0(0)
Metabolism and nutrition disorders
Hypokalemia 6 (4.8) 4(3.2) 6 (5.0) 0(0)
Blood and lymphatic system disorders
Anemia 4(3.2) 0(0) 6(5.0) 6 (5.0)
Psychiatric disorders
Insomnia 2(1.6) 3(2.4) 6 (5.0) 4 (3.4)

*Safety set (all patients who received =1 dose of study drug).

URTI, upper respiratory tract infection.
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experienced headache had the event within the
first 48 h of infusion and within the first 2 weeks of
treatment.” In the current study, approximately
one-third of patients experienced headache during
the primary evaluation period,!®> whereas during
the extension period, the incidence of headache
was <10%. While headache is a well-recognized
phenomenon associated with the initiation of
complement inhibitor treatment,’ the incidence of
other AEs during the extension period—such as
upper respiratory tract infection—was similar to
or lower than the incidence observed during the
primary evaluation period.

Meningococcal infections are serious and poten-
tially fatal infections, and patients treated with
eculizumab are at increased risk for developing
meningococcal disease.>22 A long-term study of
eculizumab for the treatment of PNH showed an
overall rate of 0.25 meningococcal infections per
100 patient-years, with almost all patients having
previously received meningococcal vaccination.?3
In this study, patients were required to be vacci-
nated against meningococcal infection within
3years before, or at the time of, initiating study
treatment. No cases of meningococcal disease
were reported by the time of data cut-off.

This is the largest controlled, interventional study
of patients with PNH; other strengths were the
evaluation of efficacy and safety in patients after
switching from eculizumab to ravulizumab and the
inclusion of a range of clinically important end-
points, as well as patient-reported measures of
fatigue and QoL. Limitations of the study include
the open-label extension design, which may bias
results; however, objective endpoints (e.g. defined
guidelines for transfusion, laboratory values for
LDH, and hemoglobin levels) were used to mini-
mize potential bias. Finally, the efficacy and safety
profile of ravulizumab beyond 52weeks remains
unknown.

Complement pathway inhibition is an active area
of clinical development; newer molecules cur-
rently under investigation for the treatment of
PNH include anti-C5 monoclonal antibodies and
drugs with upstream targets such as complement
C3, complement factor D, and complement factor
B.2* These drugs have the potential to expand
treatment options for patients with PNH, and the
future treatment landscape may include medica-
tions that can be self~administered and combina-
tion therapies.

Conclusion

In the primary evaluation period of this phase III
randomized controlled trial, ravulizumab given
every 8weeks was well tolerated and demonstrated
durable efficacy comparable with that of eculizumab
in adult patients with PNH naive to complement
inhibitor therapy. Results from the first 26 weeks of
the open-label extension show that improvements
in LDH normalization, transfusion avoidance,
BTH, hemoglobin stabilization, and patient-
reported QoL seen with ravulizumab treatment
during the 26-week primary evaluation period were
generally maintained with up to 52weeks of treat-
ment. Importantly, all patients achieved complete
free C5 control while receiving ravulizumab, includ-
ing patients who had experienced loss of free C5
control while receiving eculizumab during the pri-
mary evaluation period. In addition, complete sup-
pression of free C5 was accompanied by a decreased
incidence of BTH, with no events of BTH associ-
ated with incomplete terminal complement inhibi-
tion. Results strengthen the evidence that patients
on a prior fixed dose of eculizumab therapy can
safely switch to weight-based dosing of ravulizumab
without interruption of treatment while ensuring
terminal complement inhibition is sustained, which
is the primary goal for patient management.
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