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Abstract

Objectives: The complement component 5 (C5) inhibitor ravulizumab demonstrated

non-inferiority to eculizumab following 26 weeks of treatment in complement

inhibitor-naïve and complement inhibitor-experienced patients with paroxysmal noc-

turnal hemoglobinuria (PNH; studies 301 and 302, respectively). This study aims to

describe the results of both studies from 27 weeks to 2 years.

Methods: Patients (N = 441) continued to receive ravulizumab throughout the exten-

sion period. Efficacy endpoints included lactate dehydrogenase (LDH) normalization,

transfusion avoidance and fatigue score (FACIT-F). Safety analyses were also performed.

Results: From 27 weeks to 2 years, improvements in LDH levels were maintained in both

study populations. Transfusion avoidance was maintained in 81.9% (study 301) and 85.6%

(study 302) of patients, and FACIT-F scores remained stable. Ravulizumab was well toler-

ated, and the incidence of adverse events (AEs) were similar between patients of both

studies. Incidence of serious AEs deemed related to ravulizumab treatment was low (<3%).

Conclusions: This study reports, to date, the longest period of follow-up in over

400 patients with PNH treated with ravulizumab (662 patient-years). Long-term,

ravulizumab demonstrated durable efficacy and was well tolerated, highlighting the

importance of C5 inhibitors as the mainstay of PNH treatment.

K E YWORD S

breakthrough hemolysis, complement inhibitor, lactate dehydrogenase, paroxysmal nocturnal
hemoglobinuria, ravulizumab

Novelty statement

This study reports the longest period of follow-up in both complement inhibitor-naïve and comple-

ment inhibitor-experienced patients with paroxysmal nocturnal hemoglobinuria (PNH) treated with

ravulizumab to date. From 27 weeks to 2 years, ravulizumab demonstrated durable efficacy, which

was well tolerated, with no new safety signals; supporting the importance of immediate, complete

and sustained terminal complement inhibition as the mainstay of PNH treatment.
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1 | INTRODUCTION

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare chronic hemato-

logic disorder caused by uncontrolled terminal complement activation,

which can lead to intravascular hemolysis, organ damage (e.g., kidney

impairment and pulmonary hypertension), thrombotic events (TEs),

and increased morbidity and mortality.1–4

Complement component 5 (C5) inhibitors, such as eculizumab

and ravulizumab, are the current standard of care in patients with

PNH, where commercially available.5 Eculizumab (Soliris®, Alexion

Pharmaceuticals) is a first-generation humanized monoclonal antibody

which binds to C5 and was the first disease-specific treatment

approved for patients with PNH by both the US Food and Drug

Administration (FDA) and European Medicines Agency (EMA) in 2007.

Ravulizumab (Ultomiris®, Alexion Pharmaceuticals), is a second-

generation humanized monoclonal antibody, which binds to C5 that

was developed to reduce the treatment burden associated with

eculizumab through an improved dosing regimen. It provides the same

benefits as eculizumab but has a substantially longer half-life (50 days

vs. 11 days), thereby permitting a longer intravenous dosing interval

(every 8 weeks [q8w] vs. every 2 weeks [q2w]).

Ravulizumab was approved by the FDA in 2018 for the treatment

of adult patients with PNH and approved by the EMA in 2019 for the

treatment of adult patients with PNH symptoms indicative of high dis-

ease activity (HDA; defined as a lactate dehydrogenase [LDH]

ratio ≥1.5 times upper limit of normal [ULN; 246 U/L] and the pres-

ence of at least one symptom of fatigue, hemoglobinuria, abdominal

pain, dyspnea, anemia [hemoglobin (Hb) <10 g/dl], major adverse vas-

cular events [MAVEs; including thromboembolism], dysphagia, or

erectile dysfunction), or those who are clinically stable after having

been treated with eculizumab for at least the past 6 months.6,7 In

2021, both approvals were extended to include pediatric patients one

month of age and older with PNH (FDA) and pediatric patients

weighing ≥10 kg with PNH (EMA).

In two, phase 3, multicenter, randomized trials of patients with

PNH (studies 30110 and 30211), ravulizumab q8w was shown to be

non-inferior to eculizumab q2w for all efficacy endpoints and demon-

strated a comparable safety profile with no unexpected safety signals

at 26 weeks. Following the primary evaluation period (26 weeks),

patients either switched from eculizumab to ravulizumab or continued

ravulizumab for up to 5 years. At open-label extension, both treat-

ment pathways demonstrated durable efficacy and were well toler-

ated at 1 year for both studies.12,13 Here, we present the combined

long-term efficacy and safety results from the extension periods of

both studies (27 weeks to 2 years); the longest duration of follow-up

in patients with PNH receiving ravulizumab.

2 | METHODS

2.1 | Patient population

Adult patients (≥18 years of age) with a diagnosis of PNH, confirmed

by high sensitivity flow cytometry of red and white blood cells, with

PNH granulocyte/monocyte clone sizes of at least 5% were eligible

for inclusion in the studies. Key exclusion criteria were body

weight < 40 kg at screening, history of bone marrow transplantation,

and history of meningococcal infection. All enrolled patients with

PNH provided written informed consent.

2.2 | Study design

Clinical trials 301 (NCT02946463)10 and 302 (NCT03056040)11 were

phase 3, randomized, open-label, active-controlled, non-inferiority,

multicenter studies. Study 301 included patients with PNH who were

naïve to C5 inhibitors, with LDH levels ≥1.5 � ULN and at least one

sign or symptom of PNH at screening; all characteristics which are

associated with HDA. Study 302 included clinically stable patients

with PNH who had received eculizumab treatment for ≥6 months and

had LDH levels ≤1.5 � ULN at screening.

In the initial 26-week primary evaluation period of both studies,

patients received either weight-based dosing of ravulizumab q8w

(consisting of an initial loading dose at Day 1 of 2400 mg for patients

weighing ≥40 kg to <60 kg and 2700 mg for patients weighing ≥60 kg

to <100 kg, followed by a maintenance dose on Day 15; and q8w

thereafter of 3000 mg for patients weighing ≥40 kg to <60 kg or

3300 mg for patients weighing ≥60 kg to <100 kg), or the approved

eculizumab dose (consisting of an initial loading dose of 600 mg on

Days 1, 8, 15, and 22, followed by a maintenance dose of 900 mg on

Day 29 and q2w thereafter). The primary evaluation period was

followed by an extension period, during which eligible patients either

continued receiving ravulizumab or switched from eculizumab to rav-

ulizumab, respectively, for up to 5 years.

2.3 | Efficacy endpoints

Efficacy endpoints considered in analysis comprised of proportion of

patients achieving LDH normalization, proportion of patients achiev-

ing LDH ≤1.5 � ULN, percentage change in LDH levels, proportion of

patients avoiding transfusion, proportion of patients with stabilized

Hb, proportion of patients with breakthrough hemolysis, and quality

of life (QoL) measured using Functional Assessment of Chronic Illness

Therapy – Fatigue (FACIT-F) 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). Patients

were considered to have achieved transfusion avoidance if they

remained transfusion free and did not require a transfusion per

protocol-specified guidelines. LDH normalization was defined as LDH

≤1 � ULN and stabilized Hb was defined as avoidance of a ≥2 g/dl

decrease in Hb level from baseline in the absence of transfusion dur-

ing that period. BTH was defined as ≥1 new or worsening sign or

symptom of intravascular hemolysis (fatigue, hemoglobinuria, abdomi-

nal pain, dyspnea, anemia [Hb <10 g/dl], MAVEs [including
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thrombosis], dysphagia, or erectile dysfunction) in the presence of

LDH ≥2 � ULN. In study 301, BTH was defined as above following

prior reduction of LDH to <1.5 � ULN on treatment.

2.4 | Safety endpoints

Safety outcomes assessed included the total exposure of patients

with PNH to ravulizumab, incidence of treatment-emergent adverse

events (TEAEs), serious adverse events (SAEs), TEAEs considered as

MAVEs and immunogenicity—reflected by the development of anti-

drug antibodies (ADAs).

2.5 | Statistical analysis

The data cut-off date for this analysis was the 2-year study visit

except for early terminations (i.e., Day 743 or Day 757 for patients

initially randomized to ravulizumab or eculizumab, respectively). Effi-

cacy and safety outcomes were compared using descriptive statistics.

The rate of adverse events (AEs) adjusted by patient-years of expo-

sure was calculated for this analysis and was defined as (number of

events)/(100 patient-years).

3 | RESULTS

3.1 | Patient characteristics

For studies 301 and 302, 246 and 195 patients with PNH were

included in the randomized primary evaluation periods, respectively.

Baseline patient demographics (Table 1) and clinical characteristics

(Table 2) were similar across both studies. Patients (N = 441, 47.4%

female, mean [standard deviation; SD] age at first study drug infusion:

study 301, 45.5 [15.7] years; study 302, 47.7 [14.2] years) were pre-

dominantly Asian (49.2%, including Japanese race) or White/

Caucasian (46.5%). At baseline, patients of study 301 reported a mean

(SD) LDH level of 1606.4 (752.7) U/L, whereas patients of study

302 reported a mean (SD) LDH level of 231.6 (49.2) U/L.

For the extension period, a combined total of 434 patients with

PNH from studies 301 and 302 received ravulizumab, and of these,

219 patients received eculizumab prior to switching to ravulizumab in

the extension period.

3.2 | Efficacy endpoints

Mean LDH levels over time are shown in Figure 1A (study 301) and

Figure 1B (study 302). At Day 183, LDH normalization was achieved by

114 (47.3%; study 301) and 120 (63.2%; study 302). At 2 years, LDH

normalization was achieved by 108 (48.2%; study 301) and 96 patients

(56.5%; study 302). Of those patients who achieved Day 183 LDH nor-

malization, 76.4% (study 301) and 73.9% (study 302) maintained this

response at 2 years. In addition, at 2 years, LDH normalization was

achieved in a further 26 (22.4%; study 301) and 14 (24.1%; study 302)

patients who had not achieved LDH normalization at Day 183.

The LDH ≤1.5 � ULN response threshold was achieved by

218 patients (90.5%; study 301) and 183 patients (96.3%; study 302) at

Day 183 and in 203 patients (90.6%; study 301) and 161 patients

(94.7%; study 302) at 2 years. Most patients (93.0%, study 301; 94.5%,

study 302) who achieved LDH ≤1.5 � ULN at Day 183 maintained this

response at 2 years. In addition, a further 14 patients (66.7%; study

301) and 6 patients (100.0%; study 302) who had not achieved

LDH ≤1.5 � ULN at Day 183 achieved this response at 2 years.

Patients of both studies showed durable responses for percent-

age change in LDH levels from Day 183, similar to those observed at

TABLE 1 Patient demographics in the 301 and 302 studies

Characteristic

Study 301 Study 302

Ravulizumab
(n = 125)

Eculizumab
(n = 121)

Total
(N = 246)

Ravulizumab
(n = 97)

Eculizumab
(n = 98)

Total
(N = 195)

Sex, female, n (%) 60 (48.0) 52 (43.0) 112 (45.5) 47 (48.5) 50 (51.0) 97 (49.7)

Age at first infusion of study

drug, years, mean (SD)

44.8 (15.2) 46.2 (16.2) 45.5 (15.7) 46.6 (14.4) 48.8 (14.0) 47.7 (14.2)

Race, n (%)

Asian 72 (57.6) 57 (47.1) 129 (52.4) 23 (23.7) 19 (19.4) 42 (21.5)

Japanese 19 (15.2) 15 (12.4) 34 (13.8) 5 (5.2) 7 (7.1) 12 (6.2)

White/Caucasian 43 (34.4) 51 (42.1) 94 (38.2) 50 (51.5) 61 (62.2) 111 (56.9)

Black/African American 2 (1.6) 4 (3.3) 6 (2.4) 5 (5.2) 3 (3.1) 8 (4.1)

American Indian/Alaska Native 1 (0.8) 1 (0.8) 2 (0.8) NR NR NR

Other/multiple 4 (3.2) 4 (3.3) 8 (3.3) 3 (3.1) 1 (1.0) 4 (2.1)

Not reported/Unknown 3 (2.4) 4 (3.3) 7 (2.8) 16 (16.5) 14 (14.3) 30 (15.4)

Weight, kg, mean (SD) 68.2 (15.6) 69.2 (14.9) 68.7 (15.2) 72.4 (16.8) 73.4 (14.6) 72.9 (15.7)

Abbreviations: NR, not reported; SD, standard deviation.
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the 26-week primary analysis endpoint and 52-week open-label

extension. At 2 years, patients in study 301 demonstrated a mean

(SD) 1.9% (26.9%) increase in LDH levels from the primary analysis

endpoint, whereas patients in study 302 had an 8.8% (28.9%) increase

in LDH levels from primary analysis endpoint. During the randomized

period, 171 patients (70.4%) and 160 patients (83.8%) avoided trans-

fusion in studies 301 and 302, respectively. During >12–18 months of

extension, in the same respective studies, transfusion was avoided in

178 patients (73.3%) and 163 patients (85.3%). Between the random-

ized period and the extension period, transfusion avoidance was

maintained in 81.9% and 85.6% of patients in the 301 and 302 studies,

respectively. In total, 162 patients (66.7%) and 142 patients (74.4%)

achieved Hb stabilization during the randomized period and 69.1%

and 83.8% of patients maintained this response during the extension

period, in studies 301 and 302, respectively.

At 2 years, mean (SD) FACIT-F scores were similar between both

studies (study 301, 43.5 [8.10]; study 302, 41.2 [10.70]) and the mean

(SD) percentage change from Day 183 baseline scores were minimal

(study 301, 1.6% [36.38]; study 302, �1.2% [25.62]; Figure 2A,B).

Mean (SD) EORTC QLQ-C30 subscale scores at 2 years were also

similar between studies (301 vs. 302: global health status, 70.4

[20.57] vs. 71.6 [20.07]; physical functioning, 88.4 [14.74] vs. 86.8

[17.83]; fatigue, 20.9 [20.27] vs. 28.3 [24.65]).

During the extension period, the proportion of patients from

either study who experienced BTH events whilst receiving rav-

ulizumab were similar: 15 C5 inhibitor-naïve patients (6.2%;

TABLE 2 Baseline patient characteristics in the 301 and 302 studies

Characteristic

Study 301 Study 302

Ravulizumab
(n = 125)

Eculizumab
(n = 121)

Total
(N = 246)

Ravulizumab
(n = 97)

Eculizumab
(n = 98)

Total
(N = 195)

History of MAVEs, n (%) 17 (13.6) 25 (20.7) 42 (17.1) 28 (28.9) 22 (22.4) 50 (25.6)

Age at PNH diagnosis, years, mean (SD) 37.9 (14.9)a 39.6 (16.7)b 38.7 (15.8)c 34.1 (14.4) 36.8 (14.1)d 35.5 (14.3)e

PNH clone size, %, mean (SD)

Total RBCs 38.4 (23.7) 38.7 (23.2) 38.6 (23.4) 60.6 (32.5) 59.5 (31.4) 60.1 (31.9)

Granulocytes 84.2 (21.0) 85.3 (19.0) 84.7 (20.0) 82.6 (23.6) 84.0 (21.4) 83.3 (22.5)

Monocytes 86.9 (18.1) 89.2 (15.2) 88.0 (16.7) 85.6 (20.5) 86.1 (19.7) 85.9 (20.0)

Hemoglobin, g/L, mean (SD)f 94.1 (14.6) 95.9 (17.1) NA 110.8 (18.4) 109.1 (18.4) NA

LDH level, U/L, mean (SD)g 1633.5 (778.8) 1578.3 (727.1) 1606.4 (752.7) 228.0 (48.7) 235.2 (49.7) 231.6 (49.2)

LDH level group, n (%)

<3 � ULNh 8 (14.4) 16 (13.2) 34 (13.8) NR NR NR

≥3 � ULNh 107 (85.6) 105 (86.8) 212 (86.2) NR NR NR

Haptoglobin, g/L, mean (SD)i 0.194 (0.034) 0.197 (0.024) NA 0.283 (0.235) 0.255 (0.174) NA

History of aplastic anemia, n (%) 41 (32.8) 38 (31.4) 79 (32.1) 34 (35.1) 39 (39.8) 73 (37.4)

Patients with pRBC/whole blood transfusions within 1 year

before first dose, n (%)

103 (82.4) 100 (82.6) 203 (82.5) 13 (13.4) 12 (12.2) 25 (12.8)

pRBC units received within 1 year prior to study entry,

randomization strata, n (%)

0 units 23 (18.4) 21 (17.4) 44 (17.9) NR NR NR

1–14 units 79 (63.2) 78 (64.5) 157 (63.8) NR NR NR

>14 units 23 (18.4) 22 (18.2) 45 (18.3) NR NR NR

Time on eculizumab before first study infusion, years, mean

(SD)

NA NA NA 6.0 (3.5) 5.6 (3.5) 5.8 (3.5)

Time from PNH diagnosis to consent, years, mean (SD) 6.7 (8.1)a 6.4 (7.5)b 6.6 (7.8)c 12.4 (8.4) 11.9 (9.4)d 12.2 (8.9)e

Abbreviations: LDH, lactate dehydrogenase; MAVE, major adverse vascular event; NA, not available; NR, not reported; PNH, paroxysmal nocturnal

hemoglobinuria; pRBC, packed red blood cell; RBC, red blood cell; SD, standard deviation; ULN, upper limit of normal.
an = 123.
bn = 118.
cn = 241.
dn = 97.
eN = 194.
fNormal range, 11.5–16.0 g/dl (women) and 13.0–17.5 g/dl (men).
gNormal range, 120–246 U/L.
hLDH ULN level 246 U/L.
iNormal range, 0.4–2.4 g/dl.
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ravulizumab to ravulizumab, n = 10; eculizumab to ravulizumab,

n = 5; study 301) and 11 C5 inhibitor-experienced patients (5.8%; rav-

ulizumab to ravulizumab, n = 7; eculizumab to ravulizumab, n = 4;

study 302), respectively (Figure 3). The number of BTH events

reported did differ between studies (301 vs. 302: 25 vs. 11). Of the

patients who experienced BTH during the extension periods (n = 26),

one BTH event per patient was reported in patients of study

302, whereas several patients in study 301 experienced multiple BTH

events (0–6 months of extension, 1 patient experienced two BTH events;

>6–12 months of extension, 3 patients experienced two BTH events;

>12–18 months of extension, 1 patient experienced two BTH events).

None of the BTH events (n = 16) with free C5 level data available at the

time of the event showed suboptimal terminal complement inhibition. Of

the BTH events that occurred during the extension periods, 16/25

(64.0%) and 4/11 (36.4%) in the 301 and 302 studies, respectively, did

not have available data on the free C5 levels at the time of the event. For

the BTH events without available data on the free C5 levels at the time

of the event, all free C5 samples before or after the event showed effec-

tive terminal complement inhibition (<0.5 μg/ml).

Of the 25 BTH events reported during the extension period in

study 301, 9 (36.0%) were associated with infectious events, which

included flu-like symptoms, gingival abscess, influenza A infection,
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and upper respiratory infection. However, a greater proportion of

BTH events reported in study 302 was associated with infectious

events (7/11 [63.6%]), and included events such as fever, a cold, an

infection of unknown source and H1N1 influenza infection.

No patients with PNH discontinued ravulizumab treatment owing

to a lack of efficacy.

3.3 | Safety endpoints

The total exposure of patients with PNH to ravulizumab over the

extension period (27 weeks to 2 years) was 662 patient-years. Over-

all, 391 patients (90.1%) with PNH reported TEAEs in the extension

period, of whom 98 patients (22.6%) experienced treatment-related

TEAEs (Table 3). There were 6 patients (1.4%) who experienced a

TEAE that was considered a MAVE; none of which occurred owing to

a BTH event. The five most commonly reported TEAEs (in ≥10.0% of

patients) were upper respiratory tract infection (n = 80 [18.4%]),

followed by nasopharyngitis (n = 70 [16.1%]), headache (n = 56

[12.9%]), pyrexia (n = 44 [10.1%]), and fatigue (n = 39 [9.0%]).

SAEs were reported in 86 patients (19.8%) with PNH during the

extension period, of whom 10 patients (2.3%) experienced SAEs that

were deemed treatment related. Three patients (0.7%) experienced

treatment-emergent SAEs which were considered MAVEs; peripheral

artery thrombosis (n = 1 [0.2%]), jugular vein thrombosis (n = 1 [0.2%]),

and pulmonary embolism (n = 1 [0.2%]). SAEs that led to study
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discontinuation were reported in 3 patients (0.7%), and included

myelodysplastic syndrome, acute myeloid leukemia, and lung adenocarci-

noma; all of which were deemed unrelated to treatment. Four deaths

were reported during the extension period (acute myeloid leukemia, lung

adenocarcinoma, pulmonary sepsis, and malignant lung neoplasm), two of

which were of patients who discontinued the study owing to SAEs (acute

myeloid leukemia and lung adenocarcinoma). All deaths reported in the

extension period were deemed unrelated to study treatment (Table 3).

No meningococcal infections were reported during the extension

period, and immunogenicity at 2 years was low across both studies

with five patients (1.2%) testing positive for non-neutralizing ADAs.

4 | DISCUSSION

C5 inhibitors, eculizumab and ravulizumab, are the mainstay of PNH

treatment. Although the safety profile of eculizumab has been well

characterized, with a favorable risk–benefit profile demonstrated in a

large 10-year post-marketing pharmacovigilance surveillance analy-

sis,14 safety data for ravulizumab are limited due to its more recent

approvals by the FDA and EMA. However, in all phase 3 clinical trials

of ravulizumab to date, it has demonstrated a safety and efficacy pro-

file comparable to eculizumab.10–13 Results from this analysis provide,

to date, the longest period of follow-up in more than 400 patients

with PNH treated with ravulizumab (662 patient-years). This study

demonstrated the durable efficacy of ravulizumab, which was well tol-

erated in both C5 inhibitor-naïve and C5 inhibitor-experienced

patients with PNH, with no new safety signals reported in up to

2 years of treatment.

Lack of normalization of LDH levels is associated with a signifi-

cant increased risk of thrombosis15 and mortality.4 Throughout the

extension period, LDH normalization was maintained, with many

patients achieving LDH ≤1.5 � ULN. In addition, mean LDH levels

increased from the primary analysis endpoint and remained stable,
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F IGURE 3 Number of patients with PNH experiencing BTHa (A) and the number of BTH events reported (B) per 6-month interval of the
extension period in study 301b and study 302. Abbreviations: BTH, breakthrough hemolysis; PNH, paroxysmal nocturnal hemoglobinuria. aIn
study 301, 15 patients experienced BTH events during the extension period up to 2 years. Of these patients, 5/15 experienced BTH events
across multiple periods of extension. bIn study 301, at 0–6 months of extension, one patient experienced two BTH events; at >6–12 months of
extension, three patients experienced two BTH events; at >12–18 months of extension, one patient experienced two BTH events
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and both Hb stabilization and transfusion avoidance rates were com-

parable to those reported at 52-week open-label extension.12,13 Simi-

larly, the improvement in FACIT-F scores reported at the end of the

primary evaluation period were maintained through the 2-year

extension period. 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 2-year

extension periods of both studies.12,13

Approximately 90% of patients with PNH treated with rav-

ulizumab reported TEAEs, the majority of which were deemed

unrelated to study treatment. Among the most commonly reported

TEAEs were infection and headache. No patients with PNH discon-

tinued ravulizumab treatment owing to a lack of efficacy, and

3 patients discontinued owing to SAEs that were deemed unrelated

to study treatment. Additionally, the incidence of SAEs deemed

related to study treatment were very low (<3%).

MAVEs, particularly thromboembolic events, are a major clinical

concern in patients with PNH, accounting for 40–67% of deaths for

which the cause is known.2,16 At present, the mechanisms of throm-

bosis in PNH are complex and numerous, and include complement-

mediated platelet and white cell activation, intravascular hemolysis,

nitric oxide depletion, impairment of the fibrinolytic system, and

increased inflammatory mediators.17,18 In this analysis, only 6 patients

with PNH experienced a TEAE that was considered a MAVE, none of

which were precipitated by BTH, suggesting that terminal comple-

ment inhibition was not compromised.

BTH can occur in patients with PNH with suboptimal terminal

complement inhibition, or when experiencing stressful events such as

pregnancy, surgery, or infection.19,20 For patients with PNH treated

with eculizumab, incidences of BTH due to suboptimal C5 inhibition

can be managed through either increasing/additional dosages or

shortening the dosing interval to <14 days.21,22 In this analysis of

patients with PNH receiving ravulizumab, the proportion of patients

who experienced BTH was low in the extension periods of both

301 and 302 studies (<10%), and more than 40% of BTH events expe-

rienced by these patients were associated with infection events (the

majority of which were viral or bacterial infections). However, the

number of BTH events reported in study 301 during the extension

period was more than double that for study 302 (25 vs. 11, respec-

tively). The disparity in BTH events may potentially be due to differ-

ences in the baseline disease activity of patients in the two studies, as

patients with PNH in study 301 had HDA compared with those in

study 302 who had clinically stable disease having been on prior

eculizumab therapy; however, further investigation into these differ-

ences may be required. Overall, these findings suggest that rav-

ulizumab provided effective terminal complement inhibition

throughout the extension period, and that the reported BTH events

were likely due to stressful events experienced by the patients.

4.1 | Limitations

A key limitation of this study is the absence of available data on free

C5 levels at the time of BTH events for all patients from both studies,

although reassuringly, data up to 26 weeks reported that the number

of BTH events associated with free C5 levels was low (n = 11) and

occurred in patients who received eculizumab.10,11 However, without

TABLE 3 Safety outcomes from the extension periods of the
combined 301 and 302 studies period (27 weeks to 2-year data cut)

27 weeks to 2-year
data cut (N = 434)

Patients, n (%) Events, n (rate)a

TEAEs

Any TEAEb 391 (90.1) 2327 (351.5)

Related TEAEs 98 (22.6) 236 (35.6)

Unrelated TEAEs 381 (87.8) 2091 (315.8)

Grade 1 333 (76.7) 1347 (203.5)

Grade 2 280 (64.5) 794 (119.9)

Grade 3 100 (23.0) 159 (24.0)

Grade 4 19 (4.4) 25 (3.8)

TEAE considered a MAVE 6 (1.4)c 8 (1.2)

Most common TEAEs

(in ≥ 10% of patients)

Upper respiratory tract infection 80 (18.4) 103 (15.6)

Nasopharyngitis 70 (16.1) 108 (16.3)

Headache 56 (12.9) 75 (11.3)

Pyrexia 44 (10.1) 52 (7.9)

Fatigue 39 (9.0) 70 (10.6)

SAEs

Any SAE 86 (19.8) 121 (18.3)

Related SAE 10 (2.3) 12 (1.8)

Unrelated SAE 80 (18.4) 109 (16.5)

SAE leading to study

discontinuation

3 (0.7)d 3 (0.5)

Death 4 (0.9)e,f –

Abbreviations: AE, adverse event; MAVE, major adverse vascular event;

SAE, serious adverse event, TEAE, treatment-emergent adverse event.
aRate of AE adjusted by patient-years of exposure, defined as (number of

events)/(100 patient-years). The data cut-off is the 2-year visit except

early terminations (i.e. Day 743 or Day 757 for patients randomized to

ravulizumab or eculizumab, respectively).
bTEAEs are AEs with a start date and start time on or after the date and

time of the first infusion of study drug; grade 1 = mild, grade

2 = moderate, grade 3 = severe, grade 4 = life-threatening.
cEight MAVEs were recorded; 1 patient had two events of pulmonary

embolism, 1 patient had two events of cerebral infarction; the other

MAVEs included thrombophlebitis, deep vein thrombosis, jugular vein

thrombosis, and peripheral artery thrombosis. Six events were considered

to be unrelated to treatment and two events were unlikely related to

treatment. None of these events led to change in dose.
dThree discontinuations were recorded: acute myeloid leukemia,

myelodysplastic syndrome, and lung adenocarcinoma.
eFour deaths unrelated to study drug were reported: pulmonary sepsis,

acute myeloid leukemia, lung adenocarcinoma, and lung neoplasm

malignant.
fThe two deaths leading to study drug discontinuation were acute myeloid

leukemia and lung adenocarcinoma.
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this information, it is difficult to ascertain if terminal complement inhi-

bition was compromised and was subsequently associated with the

event occurrence.

5 | CONCLUSION

The efficacy and safety data presented here represent the longest

period of follow-up in the largest sample of patients with PNH treated

with ravulizumab to date. These findings add to the body of evidence

that C5 inhibitors are effective and well tolerated in patients with

PNH and that terminal complement inhibition should continue to be

the mainstay of PNH treatment.
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