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1 | INTRODUCTION

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare genetic he-
matologic disorder caused by uncontrolled activation of the termi-
nal complement pathway.! In patients with PNH, mutations in the
phosphatidylinositol glycan class A (PIGA) gene lead to deficiency
in glycosylphosphatidylinositol (GPI) anchor proteins and the sub-
sequent reduction in GPI-linked proteins (eg, CD55, CD59) on the
cell surface, making red blood cells more vulnerable to complement-
mediated intravascular hemolysis and activating platelets, mono-
cytes, and granulocytes.l'2 Severe intravascular hemolysis results
in high concentrations of free hemoglobin in plasma; depletion of
nitric oxide; and clinical sequelae, including thrombosis, dysphagia,
abdominal pain, erectile dysfunction, renal impairment, pulmo-
nary hypertension, and hypertension.2 In untreated patients, clini-
cal symptoms are associated with reduced quality of life (QoL) and
increased incidence of hospitalization,® as well as increased risk of
thrombosis and death.*

Eculizumab, a humanized monoclonal antibody that blocks ter-
minal C5 activation,® was the first therapy for PNH approved by
the US Food and Drug Administration and European Medicines
Agency in 2007 and has been established as a standard of care
for PNH management. Intravenous infusion of eculizumab every
2 weeks (g2w) is associated with a rapid reduction in lactate de-
hydrogenase (LDH) levels (a marker for hemolysis) and decreased
transfusion requirements, as well as significantly improved QoL.68
Patients receiving long-term treatment with eculizumab also show
significantly longer survival versus untreated patients, with sur-
vival rates similar to those in an age- and sex-matched normal
population.”

Despite treatment with approved dosages of eculizumab, ap-

proximately 11%-27% of patients may experience breakthrough

period baseline. During the extension period, four patients (ravulizumab-ravulizumab,
n = 3; eculizumab-ravulizumab, n = 1) experienced breakthrough hemolysis, but none
associated with serum free C5 > 0.5 pg/mL. Mean Functional Assessment of Chronic
lliness Therapy (FACIT)-Fatigue scores remained stable through week 52. During the
extension period, proportions of patients avoiding transfusion remained stable (ra-
vulizumab-ravulizumab, 86.5%; eculizumab-ravulizumab, 83.2%); 81.2% and 81.1%,
respectively, had stabilized hemoglobin. All patients maintained serum free C5 lev-
els < 0.5 pg/mL. Adverse events were generally similar between groups, and rates
were lower in the extension period. Adults with PNH on stable eculizumab therapy
who received ravulizumab over 52 weeks experienced durable efficacy, with con-
sistent efficacy in patients who received eculizumab during the primary evaluation

period and then switched to ravulizumab. Ravulizumab was well tolerated.

breakthrough hemolysis, complement inhibitor, hemoglobin, paroxysmal nocturnal

hemoglobinuria, quality of life, transfusion

Novelty Statements

e Ravulizumab every 8 weeks showed non-inferiority to
eculizumab every 2 weeks in a 26-week, phase 3, ran-
domized controlled trial in adults with paroxysmal noc-
turnal hemoglobinuria (PNH) who were clinically stable
on eculizumab; this work reports results from the first
26 weeks of the extension period in which the durability
of ravulizumab efficacy and safety (1 year of treatment)
and the efficacy and safety of ravulizumab after switch-
ing from eculizumab were assessed.

e Ravulizumab was well tolerated with durable efficacy
through 52 weeks in adults with PNH who were clini-
cally stable on therapy with eculizumab.

e These results suggest that patients with PNH who are
clinically stable on eculizumab can switch safely and ef-

fectively to weight-based dosing of ravulizumab.

hemolysis,lo'12

which typically occurs when serum levels of eculi-
zumab are reduced, just before administration of the next dose, or
in patients with complement hyperactivation due to infection or
trauma.’® The risk for breakthrough hemolysis, together with the
g2w dosing schedule, may impose a substantial burden on patients
and have negative effects on prognosis and QolL.

Ravulizumab is a long-acting C5 inhibitor developed through tar-
geted engineering to provide immediate, complete, and sustained C5
inhibition with 8-week dosing intervals® and is approved in the United
States, European Union, Japan, Canada, Brazil, and Australia for the
treatment of adults with PNH. In the largest phase 3 randomized study

of eculizumab-experienced patients with PNH, intravenous infusion of
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ravulizumab every 8 weeks (q8w) was non-inferior to eculizumab g2w
after 26 weeks for all primary and key secondary endpoints, including
percentage change in LDH levels, proportion of patients with break-
through hemolysis, mean change in Functional Assessment of Chronic
Iliness Therapy (FACIT)-Fatigue scores, proportion of patients avoiding
transfusion, and proportion of patients with stabilized hemoglobin.14
As expected, no significant treatment differences were observed in
this non-inferiority study; however, five patients receiving eculizumab
had breakthrough hemolysis events compared with no patient who
received ravulizumab.'* After 26 weeks of treatment, all patients in
the phase 3 study had the option to receive weight-based dosing of
ravulizumab in an open-label extension.

The aim of this study was to assess the durability of ravulizumab
efficacy and safety for up to 52 weeks and to assess the efficacy and
safety of ravulizumab after switching from eculizumab in comple-

ment inhibitor-experienced adults with PNH.

2 | METHODS
2.1 | Study Design

This was an open-label extension of a phase 3, randomized, active-
controlled trial conducted at 49 sites in 11 countries (ClinicalTrials.
gov Identifier: NCT03056040). Detailed methods have been previ-
ously described.’* The protocol was approved by the institutional
review board or independent ethics committee at each participat-
ing site. The trial was conducted in accordance with the principles
of Good Clinical Practice according to the International Council for
Harmonisation Harmonized Tripartite Guideline.

The study included a 4-week screening period and a 26-week
primary evaluation period, followed by an extension period. During
the primary evaluation period, patients were stratified by history of
transfusion and were randomly assigned (1:1) to switch to weight-
based dosing of ravulizumab g8w or to continue receiving eculizumab
900 mg q2w. Patients in the ravulizumab arm received a weight-based
loading dose on day 1 (2400 mg for patients weighing = 40 to < 60 kg,
2700 mg for = 60 to < 100 kg, and 3000 mg for = 100 kg), followed
by weight-based maintenance doses on day 15 and g8w thereafter
(3000 mg for patients weighing > 40 to < 60 kg, 3300 mg for > 60
to < 100 kg, and 3600 mg for = 100 kg).* During the extension pe-
riod, which is reported in this manuscript, patients who received rav-
ulizumab in the primary evaluation period continued on ravulizumab
q8w, and all patients who received eculizumab were switched to
ravulizumab g8w (loading dose on day 183, followed by maintenance

doses on day 197 and g8w thereafter).

2.2 | Patients

Male and female patients with PNH confirmed by flow cytom-
etry who were > 18 years of age were eligible for inclusion if they

were clinically stable on treatment with eculizumab for = 6 months,
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had LDH levels < 1.5 x the upper limit of normal (ULN) at screen-
ing (measured at trough eculizumab level), and had been vacci-
nated against meningococcal infections within 3 years before, or
at the time of, study drug initiation. Patients were excluded if they
were < 40 kg at screening; had LDH levels > 2 x ULN or major ad-
verse vascular event (MAVE) in the 6 months before day 1; had plate-
let count < 30 x 10%/L or neutrophil count < 500/uL at screening; or
had a history of bone marrow transplantation, Neisseria meningitidis
infection, unexplained or recurrent infection, or human immuno-
deficiency virus infection. All patients provided written informed

consent.

2.3 | Outcomes

The primary efficacy endpoint was the percentage change in LDH
levels from the primary evaluation period baseline at study visit.
Secondary endpoints included the proportion of patients with
breakthrough hemolysis; change from baseline in QoL as measured
by the FACIT-Fatigue scale (range, 0-52; higher scores indicate less
fatigue) and European Organisation for Research and Treatment of
Cancer, Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30)
global health status, physical functioning, and fatigue subscales
(range, 0-100; higher scores for functional scales indicate better
Qol; lower scores for symptom scales indicate lower symptom
levels); proportion of patients avoiding transfusion; and propor-
tion of patients with stabilized hemoglobin levels. Breakthrough
hemolysis was defined as at least one new or worsening symptom
or sign of intravascular hemolysis in the presence of LDH levels > 2
x ULN after prior reduction of LDH to < 1.5 x ULN on treatment.
QoL scales were administered at baseline and at weeks 1, 4, 10,
18, 26, and 52. Patients were considered to have achieved trans-
fusion avoidance if they remained transfusion free and did not
require a transfusion per protocol-specified guidelines. Stabilized
hemoglobin was defined as avoidance of a > 2 g/dL decrease in
hemoglobin levels from baseline in the absence of transfusion.
Additional endpoints included levels of serum free C5 and safety,
including adverse events (AEs), serious AEs (SAEs), MAVEs, and im-
munogenicity, up to the 52-week data cutoff. Laboratory samples

were collected predose on the same visit day.

2.4 | Statistical Analysis

For the purposes of data analysis, study visits were defined using
windows in order to align adjacent visits for patients in the two treat-
ment arms. Any measurement within the window was assigned to
that visit (eg, week 36 analysis visit included day 239 visit for the
ravulizumab-ravulizumab arm and day 253 visit for the eculizumab-
ravulizumab arm). Descriptive statistics were used to summarize
outcomes as of the data cutoff (7 September 2018). Efficacy was
analyzed in the extension set (ie, all patients who entered the exten-

sion period), and safety was analyzed in the safety set (ie, all patients
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FIGURE 1 (A)Mean (95% Cl) percentage change from primary evaluation period BL in LDH levels. Dashed vertical line indicates the end
of the primary evaluation period. (B) Mean (95% Cl) LDH levels over time. Dashed horizontal line indicates 1 x ULN, and dotted horizontal
line indicates 1.5 x ULN. BL = baseline; LDH = lactate dehydrogenase; ULN = upper limit of normal

who received at least one dose of study drug). For breakthrough
hemolysis, transfusion avoidance, and stabilized hemoglobin, pa-
tients who withdrew because of lack of efficacy were considered
non-responders.

3 | RESULTS
3.1 | Patients

A total of 208 patients were screened for eligibility, and 195 were
randomly assigned and received treatment with ravulizumab
(n = 97) or eculizumab (n = 98). Of the 191 patients who com-

pleted the 26-week primary evaluation period, all 96 patients in

the ravulizumab arm and 95 patients in the eculizumab arm en-
tered the extension period and received ravulizumab (Figure S1).
As of the data cutoff (7 September 2018), two patients discontin-
ued treatment (ravulizumab-ravulizumab, n = 1 [patient decision];
eculizumab-ravulizumab, n = 1 [physician decision]). Patient demo-
graphics and baseline clinical characteristics have been previously

reported ** and were generally similar between treatment arms.

3.2 | Primary Endpoint

Patients in both treatment arms showed durable responses for
percentage change in LDH levels, similar to that observed dur-

ing the primary evaluation period. At week 52, patients in the
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ravulizumab-ravulizumab arm had a mean (SD) 8.8% (29%) increase experienced one event of breakthrough hemolysis during the exten-
in LDH levels from primary evaluation baseline, whereas patients in sion period while receiving ravulizumab. Mean (SD) FACIT-Fatigue
the eculizumab-ravulizumab arm had a 5.8% (27%) increase in LDH scores achieved at the end of the primary evaluation period (week
levels from primary evaluation baseline (Figure 1A). Mean LDH lev- 26; ravulizumab-ravulizumab, 44.1 [8.49]; eculizumab-ravulizumab,
els were maintained at approximately 1 x ULN during the extension 41.5 [10.19]) were similar to those observed at the end of open-
period (Figure 1B). label treatment (week 52; ravulizumab-ravulizumab, 43.3 [8.62];

eculizumab-ravulizumab, 40.7 [10.67]; Figure S2). At week 52,
mean (SD) EORTC QLQ-C30 subscale scores were similar between
3.3 | Secondary Endpoints treatment groups (ravulizumab-ravulizumab vs eculizumab-ravuli-
zumab: global health status, 74.4 [17.12] vs 71.2 [20.87]; physical
During the extension period, three patients in the ravulizumab- functioning, 89.3 [18.58] vs 86.7 [17.37]; fatigue, 22.6 [23.73] vs

ravulizumab group and one patient in the eculizumab-ravulizumab 27.0 [25.82]; Figure S3). During the extension period, 86.5% and
group experienced breakthrough hemolysis (Table 1). None of the 83.2% of patients in the ravulizumab-ravulizumab and eculizumab-
events of breakthrough hemolysis in patients receiving ravulizumab ravulizumab arms, respectively, avoided transfusion (Table 1);
were associated with serum free C5 2 0.5 pg/mL, and 2/3 and 1/1 92.9% and 93.8%, respectively, of those who avoided transfusion
were associated with infection in the ravulizumab-ravulizumab and during the primary evaluation period maintained the response dur-
eculizumab-ravulizumab arms, respectively. The two BTH events ing the extension period. A total of 81.2% and 81.1% of patients
between weeks 27 to 52 in the ravulizumab-ravulizumab arm were in the ravulizumab-ravulizumab and eculizumab-ravulizumab arms,
associated with the following infections: upper respiratory tract in- respectively, achieved stabilized hemoglobin (Table 1); 90.3% and
fection (one patient) and nasopharyngitis (one patient). The third 91.7%, respectively, of those who achieved stabilized hemoglobin
BTH event in this treatment arm was unrelated to identified con- during the primary evaluation period maintained the response dur-
comitant infection to explain the cause of BTH. In the eculizumab- ing the extension period.

ravulizumab arm, one BTH event occurred between weeks 27 and
52, which was associated with upper respiratory tract infection. Of
the patients who did not have breakthrough hemolysis during the 3.4 | Serum free C5 Levels
primary evaluation period, 97% in the ravulizumab-ravulizumab arm

and 100% in the eculizumab-ravulizumab arm had no breakthrough Patients in both treatment groups had serum free C5 levels < 0.5 ug/
hemolysis during the extension period. One patient who received mL through the extension period. In the ravulizumab-ravulizumab
eculizumab and experienced breakthrough hemolysis with infec- arm, patients continued to maintain serum free C5 levels < 0.5 pg/
tions and no free C5 elevation during the primary evaluation period mL (Figure 2A). In the eculizumab-ravulizumab arm, patients showed

TABLE 1 Summary of Efficacy Endpoints

Ravulizumab-Ravulizumab Eculizumab-Ravulizumab
Primary Evaluation Period Extension Period Primary Evaluation Period Extension Period
(n=97)? (n=96) (n=98)? (n=95)
Breakthrough hemolysis, patients, 0 3(3.1) 5(5.1) 1(1.1)°
n (%)
Breakthrough hemolysis, events, n 0 3 7 1
Serum free C5 2 0.5 pg/mL 0 0 4¢ 0
Infection (with no serum free C5 0 24 2¢ >
elevation)
Unknown 0 1 1 0
Transfusion avoidance, n (%) 85 (87.6) 83 (86.5) 81(82.7) 79 (83.2)
Hemoglobin stabilization, n (%) 74 (76.3) 78 (81.2) 74 (75.5) 77 (81.1)

2Data from the primary evaluation period (weeks 0-26) are based on the full analysis set.

The 1 patient who experienced breakthrough hemolysis during the extension period had previously experienced breakthrough hemolysis during the
primary evaluation period. Between baseline and week 26, this patient experienced influenza-like symptoms; between weeks 27 and 52, the patient
experienced an upper respiratory tract infection.

‘One patient in the eculizumab-ravulizumab arm between BL and week 26 with inadequate C5 inhibition also had concomitant infection.

4The 2 BTH events were associated with the following infections reported from week 27 to week 52 in the ravulizumab-ravulizumab arm:
nasopharyngitis (1 patient) and upper respiratory tract infection (1 patient).

“The following symptoms and infections were reported from BL to week 26 in the eculizumab-ravulizumab arm: flu-like symptoms (1 patient) and
acute pyelonephritis (1 patient).
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FIGURE 2 Serum free C5 levels through 52 weeks in the (A)
ravulizumab-ravulizumab arm and (B) eculizumab-ravulizumab arm.
Horizontal line in the middle of each box indicates the median,
and a diamond indicates the mean. Top and bottom borders of
the box represent the 75th and 25th percentiles, respectively,
and whiskers represent the 1.5 interquartile range of the lower
and upper quartiles. Asterisks represent values outside the
interquartile range. Dashed horizontal lines indicate serum free
C5 concentration of 0.5 pg/mL. Dashed vertical line indicates the
end of the primary evaluation period. BL = baseline; EOl = end of
infusion

improved serum free C5 control, as none had suboptimal terminal
complement inhibition (serum free C5 levels = 0.5 pg/mL) after

switching to ravulizumab (Figure 2B).

3.5 | Safety

The incidence of treatment-emergent AEs (TEAEs) was lower in
the extension period compared with the primary evaluation period
(Table 2). The most common TEAEs in the ravulizumab-ravulizumab
arm during the extension period were fatigue (n = 13 [13.5%]),
upper respiratory tract infection (n = 9 [9.4%]), and headache,
nasopharyngitis, diarrhea, and pyrexia (n = 6 [6.3%] each). In the

eculizumab-ravulizumab arm, fatigue (n = 13 [13.7%]), headache

(n = 10 [10.5%]), upper respiratory tract infection (n = 8 [8.4%)]),
and nasopharyngitis (n = 7 [7.4%]) were the most common TEAEs
(Table 2 and Table S1). One patient in each treatment arm expe-
rienced a TEAE considered as a MAVE during the extension pe-
riod: thrombophlebitis in a patient in the ravulizumab-ravulizumab
arm (deemed unrelated to catheter; patient recovered fully) and
cerebral infarction in a patient in the eculizumab-ravulizumab arm
(event resolved with treatment). There was one incident of throm-
bosis in the eculizumab-ravulizumab arm, which was deemed un-
related to study drug. No meningococcal infections were reported
through the 52-week cutoff date.

The incidence of individual SAEs generally remained stable
between the primary evaluation and extension periods (Table 2).
During the extension period, the only SAEs to occur in more than
one patient overall were pyrexia (ravulizumab-ravulizumab, n = 2;
eculizumab-ravulizumab, n = 0) and influenza (ravulizumab-rav-
ulizumab, n = 1; eculizumab-ravulizumab, n = 1). No patients died
during the study. All but one SAE (possibly related pyrexia starting
on day 195 and resolved by day 199 following treatment) in the rav-
ulizumab-ravulizumab arm were considered unrelated or unlikely to
be related to study treatment. No SAE led to study drug interruption
or discontinuation. No new treatment-emergent antidrug antibody-

positive response was reported through the 52-week cutoff date.

4 | DISCUSSION

In adults with PNH who are clinically stable on treatment with ecu-
lizumab, switching to ravulizumab showed durable efficacy through
52 weeks of treatment and continued to be well tolerated. Efficacy
outcomes achieved at the end of the primary evaluation period—
including percentage change in LDH levels, rates of breakthrough
hemolysis, FACIT-Fatigue and EORTC QLQ-C30 scores, transfusion
avoidance, and hemoglobin stabilization—were maintained through
the extension period. Importantly, patients who had serum free C5
levels > 0.5 pg/mL while receiving eculizumab showed complete ter-
minal complement inhibition (serum free C5 levels < 0.5 pg/mL) after
switching to ravulizumab. Ravulizumab continued to be well toler-
ated through 52 weeks, with no new safety concerns.

Treatment with eculizumab is associated with decreased intra-
vascular hemolysis, as determined by rapid and sustained reductions
in LDH levels.®®? In the current study, patients were required to be
clinically stable on eculizumab for > 6 months and have LDH lev-
els £ 1.5 x ULN at screening; accordingly, mean LDH levels at baseline
were within the normal range (120-246 U/L).* During the primary
evaluation period, ravulizumab showed non-inferiority to eculi-
zumab with respect to LDH normalization, and LDH levels generally
remained within the normal range (1 x ULN) for both treatment arms
during the extension period. These results align with those of the
phase 3 study of previously untreated patients with PNH in which
patients randomly assigned to ravulizumab or eculizumab showed
rapid decreases from baseline in LDH levels that were maintained

within the normal range through the 26-week treatment period.*
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TABLE 2 Summary of AEs

Ravulizumab-Ravulizumab

Eculizumab-Ravulizumab
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Primary Evaluation Period

Extension Period

Primary Evaluation Period

Extension Period

AE, n (%) (n=97) (n =96) (n=98) (n =95)

Any TEAE 89(91.8) 76 (79.2) 86 (87.8) 71(74.7)
TEAE considered asa MAVE 0 1(1.0) 1(1.1)
TEAE leading to study drug 0 0 0

discontinuation

Any SAE 4(4.1) 8(8.3) 8(8.2) 5(5.3)

SAE leading to study drug 0 0 0
discontinuation

Death 0 0 0 0

TEAEs occurring in 2 5% of patients in either treatment group during the extension period
Fatigue 7(7.2) 13(13.5) 7(7.1) 13(13.7)
URTI 18 (18.6) 9(9.4) 11(11.2) 8(8.4)
Nasopharyngitis 21 (21.6) 6(6.3) 20(20.4) 7 (7.4)
Headache 27 (27.8) 6(6.3) 19 (19.4) 10 (10.5)
Diarrhea 9(9.3) 6(6.3) 7(7.1) 5(5.3)
Pyrexia 9(9.3) 6(6.3) 5(5.1) 6(6.3)
Dizziness 3(3.1) 2(2.1) 7(7.1) 6(6.3)
Back pain 4(4.1) 1(1.0) 4(4.1) 6(6.3)
Pain in extremity 5(5.2) 4(4.2) 3(3.1) 5(5.3)
Anemia 6(6.2) 1(1.0) 3(3.1) 5(5.3)

SAEs occurring in at least 1 patient during the extension period
Pyrexia 0 2(2.17° 3(3.1) 0
Influenza 1(1.0) 1(1.0) 0 1(1.1)
Pharyngitis 0 1(1.0) 0 0
Pneumonia 0 1(1.0) 0 0
Colitis 1(1.0) 1(1.0) 0 0
Tibia fracture 0 1(1.0) 0 0
Foot deformity 0 1(1.0) 0 0
Hemolysis 0 0 2(2.0) 1(1.1)
Anemia 0 0 0 1(1.1)
Liver disorder 0 0 0 1(1.1)
Gastroenteritis 0 0 0 1(1.1)

Note: AE, adverse event; MAVE, major adverse vascular event; SAE, serious AE; TEAE, treatment-emergent AE; URTI = upper respiratory tract

infection.

20ne event was considered possibly related to treatment.

Despite treatment with eculizumab, a subset of patients still
experience breakthrough hemolysis, which may require dosing
intervals to be shortened to < 14 days or individual dosages to
be increased.’®? Low levels of hemolysis while receiving eculi-
zumab treatment are believed to be associated with suboptimal
serum free C5 inhibition and residual activation of the terminal
pathway, with densely packed C3b molecules competing with ec-
ulizumab for C5 priming.X® In this trial, rates of breakthrough
hemolysis were low overall (<5% during the extension period)
and were generally similar between the primary evaluation and

extension periods. Furthermore, of the five patients treated with

eculizumab who experienced breakthrough hemolysis in the pri-
mary evaluation period, four did not experience breakthrough
hemolysis during the extension period. Breakthrough hemolysis
in eculizumab-treated patients frequently occurs in the setting of

13.17.18 3and, during the extension period

bacterial or viral infections,
of this study, two of the three events of breakthrough hemolysis
in the ravulizumab-ravulizumab arm and the one event in the ecu-
lizumab-ravulizumab arm were associated with infection. A recent

1* analyzing breakthrough hemolysis events

article by Brodsky et a
in the primary evaluation period of the phase 3 randomized stud-

ies of eculizumab versus ravulizumab in adults with PNH showed
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that none of the breakthrough hemolysis events experienced by
patients treated with ravulizumab were related to suboptimal free
C5 inhibition, whereas 11 of 22 breakthrough hemolysis events in
patients treated with eculizumab were related to suboptimal free
C5 inhibition. Importantly, in the current extension study, no pa-
tient treated with ravulizumab experienced breakthrough hemoly-
sis associated with suboptimal free C5 inhibition. Mean serum free
C5 levels were maintained at < 0.5 pg/mL during the extension
period, inclusive of patients who experienced suboptimal serum
free C5 inhibition while receiving eculizumab during the primary
evaluation period.

The number of patients avoiding transfusion was as expected
for patients who entered the study clinically stable on eculizumab.
At baseline, 13% of patients randomly assigned to ravulizumab and
12% of patients randomly assigned to eculizumab had received at
least one transfusion within 1 year preceding the first dose of study
drug.** The proportion of patients avoiding transfusions in the ex-
tension period remained stable. During the primary evaluation pe-
riod, 87.6% and 82.7% of patients in the ravulizumab-ravulizumab
and eculizumab-ravulizumab arms, respectively, avoided transfu-
sion. In the extension period, 86.5% (ravulizumab-ravulizumab arm)
and 83.2% (eculizumab-ravulizumab arm) avoided transfusion.

Patients with PNH report severe fatigue,?® and treatment with
eculizumab is associated with significant improvements in the FACIT-
Fatigue scale and EORTC QLQ-C30 subscale scores.®® Because
patients were required to be clinically stable on eculizumab before
study entry, FACIT-Fatigue scores were relatively high at baseline
(ravulizumab-ravulizumab, 43; eculizumab-ravulizumab, 41; range,
0-52; high scores indicate less fatigue). FACIT-Fatigue scores re-
ported at the end of the primary evaluation period were maintained
through the extension period, suggesting that switching to ravuli-
zumab did not affect levels of patient-reported fatigue. Similarly,
EORTC QLQ-C30 scores also confirmed relatively high QoL at the
start of the primary evaluation period, with similar scores reported
at the end of the primary evaluation and extension periods.

Ravulizumab was well tolerated during the extension period, and
comparable percentages of patients experienced TEAEs and SAEs
between treatment arms. The safety profile of ravulizumab during
the extension period was consistent with previous reports of eculi-

b8 and of ravulizumab®® in previously untreated patients with

zuma
PNH. The number of patients who discontinued the study during
the extension period was low (one patient per treatment arm), and
neither patient discontinued because of an AE. With the exception
of fatigue, TEAE rates in the extension period were lower than those
from the primary evaluation period.

This was the largest phase 3 study of patients with PNH who
were previously receiving stable therapy with eculizumab. Analysis
of the safety and efficacy of switching from eculizumab to ravuli-
zumab is clinically meaningful, as eculizumab is the current stan-
dard of care for patients with PNH, and in this study, patients had
been receiving treatment with eculizumab for a mean of 5.8 years.'*
Additional strengths include the range of clinically relevant and

patient-reported outcomes assessed. There were no pregnancies

before data cutoff; therefore, no conclusions can be made regarding
maternal or fetal safety when switching from eculizumab to ravuli-
zumab. Further, efficacy and safety of ravulizumab beyond 52 weeks
are currently unknown.

In conclusion, ravulizumab q8w was well tolerated, with durable
efficacy in adults with PNH who were clinically stable on therapy
with eculizumab. Maintenance of LDH levels, FACIT-Fatigue scores,
transfusion avoidance, and stabilized hemoglobin, together with
relatively low levels of breakthrough hemolysis, were seen through
52 weeks of ravulizumab treatment. Importantly, all patients treated
with ravulizumab achieved complete serum free C5 inhibition.
Results suggest that patients clinically stable on eculizumab can
switch safely to weight-based dosing of ravulizumab.
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