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ABSTRACT

Background: Paroxysmal nocturnal hemoglobinuria (PNH) is a rare hematologic disorder
characterized by uncontrolled terminal complement activation. Eculizumab, a monoclonal
antibody C5 inhibitor was introduced in Korea in 2009 and has been the standard treatment
option for PNH.

Methods: This study assessed the long-term efficacy/safety of eculizumab in PNH using
real-world data from the Korean Health Insurance Review and Assessment Service. Eighty
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patients who initiated eculizumab from 2009-2020 were enrolled.

Results: At eculizumab initiation, the median age was 51.5 years, lactate dehydrogenase
(LDH) 6.8 x upper limit of normal, and granulocyte clone size 93.0%. All patients had at least
one PNH-related complication before eculizumab initiation, including renal failure (n = 36),
smooth muscle spasm (n = 24), thromboembolism (n = 20), and pulmonary hypertension
(n=15). The median (range) duration of eculizumab treatment was 52.7 (1.0, 127.3) months
(338.6 total treated patient-years). Despite high disease activity in the study population
before treatment initiation, overall survival was 96.2% and LDH levels were stabilized in
most patients during treatment. PNH-related complications at treatment initiation were
resolved in 44.4% of patients with renal failure, 95.8% with smooth muscle spasm, 70.0%
with thromboembolism, and 26.7% with pulmonary hypertension. Extravascular hemolysis
occurred in 28.8% of patients (n = 23; 0.09 per patient-year) and breakthrough hemolysis

in 18.8% (n =15; 0.06 per patient-year). No treatment discontinuation cases related to
eculizumab were observed.

Conclusion: These data provided evidence for the long-term efficacy and safety of
eculizumab in Korean PNH patients with high disease burdens.

Keywords: Paroxysmal Nocturnal Hemoglobinuria; Eculizumab; Real-World Evidence;
Overall Survival

INTRODUCTION

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare hematologic disorder characterized
by uncontrolled activation of the terminal complement pathway, resulting in intravascular
hemolysis, a risk of thromboembolic events (TEs), and organ damage (e.g., kidney
impairment and pulmonary hypertension).13 The clinical symptoms of PNH are debilitating,
reduce health-related quality of life, and can be fatal if left untreated.3,4

Eculizumab, a first-in-class complement component 5 (C5) inhibitor, was the first disease-
specific treatment to be approved for patients with PNH; it has been the standard treatment for
PNH in most countries since its approval in 2007.5:6 Eculizumab therapy has been associated
with significantly improved rates of survival compared with historical controls receiving
supportive care.’8 PNH symptoms and disease-related complications are reduced with
eculizumab treatment, and survival improved to a level near that of the general population.5

In Korea, reimbursement for eculizumab therapy by the Health Insurance Review and
Assessment Service (HIRA) is limited to patients who have at least one PNH-related
complication alongside elevated serum lactate dehydrogenase (LDH) levels of at least 1.5

x upper limit of normal (ULN). Despite the high disease burden in this PNH population,
previous studies have reported survival benefits during eculizumab treatment in patients
with PNH in Korea.910 However, these earlier studies were limited because of a lack of
detailed prognostic clinical data to assess treatment response over time. For the continued
prescribing of eculizumab treatment in Korea, a monitoring report must be submitted every
6 months to the special committee of HIRA. The monitoring reports contain detailed clinical
information for each patient with PNH treated with eculizumab in Korea.

The objective of this study was to evaluate the long-term efficacy and safety of eculizumab
in patients with PNH with a high disease burden and severe PNH-related complications in
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real-world clinical practice. The study also evaluated differences of response in PNH-related
complications after eculizumab treatment and the incidence and clinical characteristics of
extravascular hemolysis (EVH) and breakthrough hemolysis (BTH) in this patient population.

METHODS

Study design

This retrospective, multicenter, observational study enrolled adult patients with PNH
receiving eculizumab treatment from December 1, 2009 to January 31, 2020. Participants
were recruited from 14 institutions in Korea. Clinical information (including death) was
collected from the time of PNH diagnosis to the end of eculizumab treatment or July 31, 2020
(data cut-off date). Data were entered by the investigator (or delegate) based on the patient’s
electronic medical records through an electronic case report form. The results of laboratory
tests were collected before eculizumab treatment, at 6, 12, and 24 months after the start of
eculizumab treatment, and every 12 months thereafter.

Patient population

Patients aged 18 years or above with a diagnosis of PNH, confirmed by flow cytometry, who
started eculizumab treatment in accordance with the drug label before January 31, 2020 were
included in the study. Patients who had started eculizumab as part of a clinical trial or an
expanded access program/compassionate use program prior to 2012 were also eligible.

Patients were required to have been vaccinated against Neisseria meningitidis at least 2 weeks
prior to starting eculizumab treatment. If eculizumab therapy was initiated within 2 weeks
post-vaccination, they must have been treated with appropriate prophylactic antibiotic therapy.
Patients were excluded if they were aged under 18 years, had hypersensitivity to the active
ingredients of eculizumab, had an untreated meningococcal infection (N. meningitidis), or had
received other complement inhibitor therapy for PNH before or during eculizumab treatment.

Outcome measures

Patient demographics and clinical characteristics were reported at baseline. The primary
endpoint was eculizumab efficacy assessed by intravascular hemolysis, occurrence of PNH-
related complications and clinical symptoms, severity of anemia (including the required
units of packed red blood cell [pRBC] transfusions), and investigator-assessed effectiveness
evaluation at the last follow-up based on the comprehensive judgment of clinical features
such as hemolysis, anemia, and improvement of PNH-related complications.

Hemolysis after eculizumab treatment was evaluated using LDH levels and the severity of
anemia using hemoglobin (Hb) levels. Occurrence and the types of PNH-related complications
were based on the investigator’s judgment (captured from 6 months before eculizumab
administration to the end of the administration or last follow-up). TEs were defined as
thrombosis or embolism requiring anticoagulant therapy. Pulmonary hypertension was
defined as chest pain and shortness of breath leading to the limitations of normal activity
(New York Heart Association Class III or above) and medically confirmed pulmonary arterial
hypertension!l; laboratory tests for N-terminal pro-B-type natriuretic peptide (NT-proBNP)
and pro-B-type natriuretic peptide (proBNP) were also collected. Renal failure was defined as
an estimated glomerular filtration rate (eGFR) less than 60 mL/minute/1.73 m? or a history
of dialysis due to PNH-related acute kidney injury. Smooth muscle spasm was defined as

https://doi.org/10.3346/jkms.2023.38.€328 3/12



Real-World Efficacy/Safety of Eculizumab in PNH

JKMS

https://jkms.org

episodes of severe, recurrent pain requiring hospitalization or narcotic analgesics. The
effectiveness evaluation of the treatment was based on the investigator’s judgment for the
entire observation period and classified as improved, unchanged, or worsened.

Additional endpoints included incidence of EVH, BTH, and overall survival. EVH was
assessed by investigator judgment based on a positive direct antiglobulin test (direct Coombs
test) along with decreased Hb and increased reticulocytes, and/or presence of transfusion.12
BTH was defined as at least one new or worsening sign or symptom of intravascular
hemolysis (fatigue, hemoglobinuria, abdominal pain, dyspnea, anemia [Hb <10 g/dL],
major adverse vascular events [MAVEs] including thrombosis, dysphagia, or male erectile
dysfunction), and LDH levels of at least 2 x ULN (ULN for each study site was based on each
site’s laboratory reference range) after prior reduction of LDH levels to less than 1.5 x ULN
on treatment.13 MAVEs included TEs, pulmonary embolism, amputation (nontraumatic,
nondiabetic), myocardial infarction, cerebral artery occlusion/transient ischemic attack,
unstable angina, and gangrene (nontraumatic, nondiabetic).

Safety, including infection, adverse drug reactions leading to discontinuation of eculizumab
administration, and fatal events related to eculizumab administration, were assessed up to 3
months after the end of eculizumab administration or data cut-off.

Statistical analysis

Considering the low prevalence and incidence of PNH, all possible cases that fit the inclusion/
exclusion criteria were enrolled in the study and there was no planned statistical sample

size. Means, standard deviations (SDs), medians, and ranges were reported for continuous
variables; frequencies and percentages were reported for categorical variables. Categorical
and continuous variables were summarized using descriptive statistics for patients measured
before and after eculizumab treatment, and data were analyzed by paired #tests or Wilcoxon
signed-rank tests. Time-to-event data, including EVH, BTH, and overall survival, were
estimated using the Kaplan—Meier curve method (censored: last follow-up date).

RESULTS

Patient demographics and clinical characteristics

In total, 80 patients were enrolled in the study, of whom 62.5% (n = 50) were male (Table 1).
The median (range) age at the time of eculizumab initiation was 51.5 (18.0, 88.0) years and
the median (range) length of time from PNH diagnosis to the start of eculizumab treatment
was 68.5 (2.0, 456.0) months. At diagnosis, 75.0% of patients (n = 60) were classified as
having classical PNH and 25.0% (n = 20) as having aplastic anemia (AA) or myelodysplastic
syndromes (MDS). The median (range) LDH level at treatment initiation was 6.8 (0.6, 29.8)
x ULN and the median (range) granulocyte clone size was 93.0% (15.4%, 100.0%). Renal
failure was the most common PNH-related complication reported by clinicians that led to the
initiation of eculizumab treatment (n = 36), followed by smooth muscle spasm (n = 24), TEs
(n=20), and pulmonary hypertension (n = 15). The median (range) duration of eculizumab
treatment was 52.7 (1.0, 127.3) months and the total treated patient-years (PYs) was 338.6
PYs. Among the 80 patients included in the study, 67.5% (n = 54) continued to receive
eculizumab treatment, while 32.5% (n = 26) discontinued eculizumab. Participation in a
clinical trial was the main reason for discontinuing eculizumab treatment (n = 19), and there
were no cases that lack of response or deterioration from eculizumab therapy was the reason
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Table 1. Demographics and clinical characteristics

Characteristics

All enrolled set (N = 80)

Gender
Male
Female
Age at initiation of eculizumab, yr
Age at PNH diagnosis, yr
Time from PNH diagnosis to initiation of eculizumab, mon
PNH type
PNH with AA/MDS
Classical PNH
PNH clone size (Type Il + Type Iil)
Granulocyte, %
Red blood cell
LDH ratio (x ULN®?)
Complications eligible for reimbursement®®
TE
Pulmonary hypertension
Renal failure
Smooth muscle spasm
Treatment duration, mon
Treatment duration, PYs
Discontinuation of eculizumab
Participation in a clinical trial
Other

50 (62.5)
30(37.5)
51.5 (18.0, 88.0)
40.5 (7.0, 86.0)
68.5 (2.0, 456.0)

20 (25.0)
60 (75.0)

93.0 (15.4, 100.0)
592.2 (0.1, 97.5)
6.8 (0.6, 29.8)

20 (25.0)
15 (18.8)
36 (45.0)
24 (30.0)
59.7 (1.0, 127.3)

338.6

26 (32.5)
19(73.1)
7(26.9)

Values are presented as number (%) or median (range).

PNH = paroxysmal nocturnal hemoglobinuria, AA = aplastic anemia, MDS = myelodysplastic syndrome, LDH =
lactate dehydrogenase, ULN = upper limit of normal, TE = thromboembolic event, PY = patient-year.

2Based on each site’s laboratory reference range.

®Complications described for the reimbursement review committee of the Health Insurance Review and

Assessment Service - description of multiple complications was allowed.

‘One patient started eculizumab treatment owing to pregnancy without specific complications; two patients who
were reimbursed during the first review committee (in 2012) have no record of specific complications.

for participating in clinical trials. Other reasons included other life-threatening diseases
(n =2), investigator judgment (n = 2), deterioration of renal function (n = 1), undergoing a

hematopoietic stem cell transplantation (n = 1), and childbirth (n =1). No cases of treatment

discontinuation related to eculizumab were observed. In addition, there were no cases of

treatment discontinuation due to inadequate responses or loss of responses to eculizumab in

this study.

Primary endpoint: efficacy
Hemolysis

The mean * SD change in LDH (x ULN) from baseline to the last follow-up after eculizumab
administration was -6.5 * 4.7-fold (Fig. 1). LDH levels were stabilized in the majority of
patients: 95.0% (n = 76) achieved LDH levels of below 1.5 x ULN and 61.3% (n = 49) achieved
LDH levels within the normal range.

PNH-related clinical symptoms and complications

There was a decrease in the incidence of some clinical symptoms of PNH after the initiation
of eculizumab treatment, including fatigue, anemia, and dyspnea (Supplementary Table 1). It
should be noted that the PNH symptoms experienced were collected for only 6 months prior
to initiation of eculizumab and compared with the entire follow-up period after eculizumab
initiation; if a patient experienced an event at least once during this period it was recorded.

Among 20 patients with reported TEs before eculizumab administration, 14 achieved
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Table 2. PNH complications experienced prior to initiating eculizumab and during eculizumab treatment

Complications All enrolled set (N = 79)
Prior to initiating eculizumab® During eculizumab treatment®
All complication types 77 (97.5) 35 (44.3)
TE 20 (25.3) 6(7.6)
Pulmonary hypertension 15(19.0) 11(13.9)
Renal failure 36 (45.6) 20 (25.3)
Smooth muscle spasm 24 (30.4) 1(1.3)

Values are presented as number (%o).

PNH = paroxysmal nocturnal hemoglobinuria, TE = thromboembolic event.

2Complications that existed before eculizumab administration.

PComplications that existed before eculizumab administration that were not resolved after administration of
eculizumab (if a patient had two or more complications before eculizumab administration, it is included when
one persisted after administration).

complete resolution of TEs during eculizumab treatment (Table 2). Cases of deep

vein thrombosis were all resolved with eculizumab treatment and there were fewer

cases of residual hepatic and portal vein thrombosis, cerebral venous occlusion, and

arterial thromboembolism even after eculizumab treatment (Supplementary Table 2).

Prior to administration of eculizumab, 75.0% of patients (n = 15/20 with TEs) received
anticoagulation therapy; during eculizumab treatment, 60.0% of patients (n = 9/15 with TEs)
continued to receive anticoagulation therapy.

Of the 24 patients with smooth muscle spasm prior to eculizumab administration, 23 were
symptom-free after eculizumab treatment (Table 2). PNH-related complications were
resolved with eculizumab treatment in 4 of 15 patients with pulmonary hypertension and 16
of 36 patients with renal failure (Table 2). Among the 15 patients who reported pulmonary
hypertension, NT-proBNP (n = 5) and proBNP (n = 4) values were available at both baseline
and the last follow-up. The median (range) changes in NT-proBNP and proBNP were -19.9
(-1,060.0, 214.0) pg/mL and -228.0 (-620.1, 31.2) pg/mL, respectively (Supplementary Table
3). Of the 36 patients who reported renal failure prior to eculizumab administration, the
eGFR value was recorded in 32 patients. The mean + SD change in eGFR after eculizumab
administration was 28.6 * 43.2 mL/minute/1.73 m? (n = 32). The mean + SD change in eGFR
was 6.4 +18.6 mL/minute/1.73 m? in patients with chronic kidney disease (CKD, n = 18)

and 57.1 + 49.3 mL/minute/1.73 m? in patients with acute kidney injury (AKI, n = 14). When
stratified by eGFR levels, CKD improved in 4 patients, was maintained in 12 patients, and
worsened in 2 patients; AKI improved in 11 patients, was maintained in 2 patients, and
worsened in 1 patient (Supplementary Fig. 1).

Anemia

The mean + SD Hb level was 9.5 + 1.7 g/dL at baseline and increased to 10.4 + 1.9 g/dL at
the last follow-up (P < 0.001). In total, 75 patients received a pRBC transfusion within

one year prior to eculizumab administration compared with 52 patients after eculizumab
administration to the last follow-up. When converting the results into PY, patients received
9.5 units/PY prior to eculizumab initiation compared with 6.8 units/PY during eculizumab
treatment (P = 0.008). Transfusion avoidance was achieved by 35.0% of patients (n = 28).

Effectiveness evaluation at last follow-up

Based on investigator-assessed effectiveness evaluation at the last follow-up, 96.3% (n =
77) of patients were considered to have improved with eculizumab treatment, 1.3% (n =1)
remained unchanged, and 2.5% (n = 2) worsened.
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Additional endpoints

EVH events were reported in 28.8% of patients (n = 23; incidence of 0.09 per PY); the median
time to the first occurrence of EVH was not reached owing to the small number of events (Fig.
1). Although there were no significant differences in mean LDH levels from the assessment
that preceded the occurrence of EVH to occurrence of EVH (1.3 vs. 1.2 x ULN), mean Hb levels
decreased slightly from 9.0 to 8.4 g/dL (Supplementary Table 4). The clinical intervention
was required in 9 of 23 (39.1%) patients with EVH: 2 received steroid treatment, 6 received
blood transfusions, and 1 received both steroids and transfusion. AA was an underlying
hematologic condition in 1 of 9 (11.1%) patients with EVH who required intervention and 1 of
14 (7.1%) who did not require intervention.

BTH events were experienced by 18.8% of patients (17 events in 15 patients; 0.06 incidence
per PY); the median time to the first occurrence of BTH was not reached owing to the small
number of events (Fig. 1). When compared with data from the assessment that preceded the
occurrence of a BTH event, BTH was accompanied by a change in LDH of1.4 x ULN increase
(P<0.001) and a 1.9 g/dL decrease in Hb (P < 0.001) (Supplementary Table 5). Intervention
was required in 11 of 15 (73.3%) patients with BTH: 6 patients received blood transfusions, 5
patients received antibiotics to treat infection, and 1 patient received steroids.

The median duration of follow-up was 52.7 months and the 5-year overall survival during
eculizumab administration was 96.2% (median not reached owing to the small number of
events) (Supplementary Fig. 2).

Safety

Infection occurred in 22.5% of patients (41 events in 18 patients: 0.2 incidence per PY) (Table 3).
No infections were caused by N. meningitidis, Neisseria gonorrhoeae, Streptococcus pneumoniae, ox
Haemophilus influenzae. One case of severe aspergillosis infection was reported during the study
period. No cases of infection related to eculizumab were observed.

No patients discontinued eculizumab treatment owing to adverse events (AEs). Two deaths
were reported within 3 months after eculizumab discontinuation; the deaths were unrelated

Table 3. Summary of AEs

Variables All enrolled set (N = 80)
Any AE causing drug discontinuation 0
Infection occurrence®
Yes 18 (22.5) [41]
No 62 (77.5)
Infection rate
Total number of infections 41
PYs 273.73
Rate of infections, per PY 0.15
Infection type
Neisseria meningitidis 0
Neisseria gonorrhoeae 0
Streptococcus pneumonia 0
Haemophilus influenzae 0
Aspergillosis 1(1.3)[1]
Other 18 (22.5) [40]

Values are presented as number or number (%) [number of events].

AE = adverse event, PY = patient-year.

20ccurrence of infection is defined as any patient with infection during eculizumab treatment; one patient may
have two or more infections.
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to eculizumab. One patient died owing to bladder cancer and one died of septicemia/
infection (fungal sepsis).

DISCUSSION

In this study of 80 patients with PNH with a high disease burden, eculizumab showed
sustained efficacy with control of intravascular hemolysis and PNH-related complications
during long-term treatment. Overall survival was 96.2% with eculizumab treatment and

only two deaths were reported, both deemed unrelated to eculizumab. Eculizumab was well
tolerated, and no AEs led to treatment discontinuation. Among patients who discontinued
treatment, participation in a clinical trial was the reason in most cases. No cases of treatment
discontinuation related to eculizumab were observed.

Patients enrolled in this study had a high disease burden at eculizumab treatment
initiation (median LDH was 6.8 x ULN and median granulocyte clone size was 93.0%) and
severe, life-threatening PNH-related signs and symptoms in accordance with the Korean
reimbursement criteria. TEs were identified at potentially fatal locations in many cases
prior to the administration of eculizumab. Identified TEs included pulmonary embolism,
hepatic/portal vein thrombosis, cerebral venous occlusion, and cerebrovascular accidents.
Following the administration of eculizumab, most TEs were resolved, and 6 patients were
able to discontinue anticoagulation therapy without any new TEs. eGFR data indicated that
in patients with AKI, renal function was improved in many cases with eculizumab; however,
restoration of renal function was not prominent in patients whose condition had already
progressed to CKD.

EVH events were experienced by 23 patients in the study during eculizumab treatment.
However, only nine of these patients required therapeutic intervention suggesting that the
symptoms were not severe in most cases. In total, there were 15 patients in the study who
experienced a BTH event during eculizumab treatment with the incidence of BTH in this
study comparable to previously reported data.14 More clinically meaningful changes in LDH
and Hb were reported in patients with BTH than in those with EVH, and more patients with
BTH required therapeutic intervention than those with EVH.

Although an increased risk of meningococcal infection has been reported in recipients of
eculizumab,5 no such infections were observed in this study among 80 patients on long-
term eculizumab therapy. It should be noted that prophylactic antibiotics are not used in
Korea for the prevention of meningococcal infection during eculizumab treatment, whereas
guidelines in some countries recommend their use. The lack of meningococcal infections
without prophylactic antibiotics use in this study is an important finding because there are
concerns with the emergence of resistant mycobacterium and gastrointestinal side effects
associated with long-term use of prophylactic antibiotics with a compliance issue.

One of the strengths of this study is that detailed clinical information for each patient

should be reported to the Korean health authority every 6 months for continued eculizumab
treatment, ensuring data are collected at consistent intervals for each patient over time.
Furthermore, all patients who required red blood cell transfusions had additional blood tests,
including a direct Coombs test; as such, and similar to a prospective study, the incidence of
EVH and BTH were well documented.
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The retrospective nature of these analyses has inherent limitations owing to confounding
factors, and results cannot be used to determine cause-and-effect relationships. A notable
number of patients discontinued eculizumab during the study period owing to participation
in a clinical trial. The data are restricted to patients with PNH in Korea and therefore may not
be generalizable to the wider PNH population. As blood levels of free C5 were not evaluated
in the study, we could not assess the association of BTH events with free C5 at or above 0.5
pg/mL (the threshold for complete CS inhibition). PNH symptoms were collected only for

6 months prior to initiation of eculizumab and compared with the entire follow-up period
after treatment; this likely contributed to the small differences in the number of symptoms
experienced prior to and during eculizumab treatment. NT-proBNP and proBNP data were
collected only for a small number of patients with pulmonary hypertension. Despite the
small sample size, there was a trend toward improvement in pulmonary hypertension
following initiation of eculizumab. Although assessment of the health-related quality of life
using the Functional Assessment of Chronic Illness Therapy-Fatigue Scale questionnaire was
planned for this study, data were only collected from a small sample (n = 36) and therefore
were not presented here.

Eculizumab showed sustained effectiveness during long-term treatment in patients with PNH
with a high disease burden and severe PNH-related complications. Eculizumab treatment
improved complications and related symptoms in patients with PNH, and overall survival was
96.2% during the study period. Eculizumab was well tolerated over long-term treatment and

no treatment-emergent AEs led to discontinuation. Collectively, the data confer the long-
term efficacy of eculizumab in patients with PNH who have high disease activity.
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Supplementary Table 1
Clinical symptoms related to PNH prior to initiating and during eculizumab treatment
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Supplementary Table 2
Location of TE
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Supplementary Table 3
NT-proBNP/proBNP values in patients with pulmonary hypertension (N = 15)
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Supplementary Table 4
Laboratory values in patients with EVH (N = 23)

Click here to view

Supplementary Table 5
Laboratory values in patients with BTH (N =15)

Click here to view

Supplementary Fig. 1

eGFR in patients with renal failure. Green indicates improvement; yellow indicates no
change; red indicates deterioration. Patients were included in the analysis if eGFR results
from both baseline and last follow-up were available; four patients with AKI did not have
eGFR data. Values are presented as number (%).

Click here to view

Supplementary Fig. 2
Overall survival. Investigators reported that all cause of death (n = 2) was not related to
eculizumab treatment.

Click here to view

REFERENCES

1. Brodsky RA. Paroxysmal nocturnal hemoglobinuria. Blood 2014;124(18):2804-11.
PUBMED | CROSSREF

2. Holguin MH, Fredrick LR, Bernshaw NJ, Wilcox LA, Parker CJ. Isolation and characterization of a
membrane protein from normal human erythrocytes that inhibits reactive lysis of the erythrocytes of
paroxysmal nocturnal hemoglobinuria. J Clin Invest 1989;84(1):7-17.
PUBMED | CROSSREF

3. JangJH, Kim]JS, Yoon SS, Lee JH, Kim YK, Jo DY, et al. Predictive factors of mortality in population of
patients with paroxysmal nocturnal hemoglobinuria (PNH): results from a Korean PNH registry. | Korean
Med Sci 2016;31(2):214-21.
PUBMED | CROSSREF

4. Schrezenmeier H, Roth A, Araten DJ, Kanakura Y, Larratt L, Shammo JM, et al. Baseline clinical
characteristics and disease burden in patients with paroxysmal nocturnal hemoglobinuria (PNH):
updated analysis from the International PNH Registry. Ann Hematol 2020;99(7):1505-14.
PUBMED | CROSSREF

5. Hill A, DeZern AE, Kinoshita T, Brodsky RA. Paroxysmal nocturnal haemoglobinuria. Nat Rev Dis Primers
2017;3(1):17028.
PUBMED | CROSSREF

6. Ninomiya H, Obara N, Chiba S, Usuki K, Nishiwaki K, Matsumura I, et al. Interim analysis of post-
marketing surveillance of eculizumab for paroxysmal nocturnal hemoglobinuria in Japan. Int ] Hematol
2016;104(5):548-58.
PUBMED | CROSSREF

7. Kelly RJ, Hill A, Arnold LM, Brooksbank GL, Richards SJ, Cullen M, et al. Long-term treatment with
eculizumab in paroxysmal nocturnal hemoglobinuria: sustained efficacy and improved survival. Blood
2011;117(25):6786-92.
PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2023.38.€328 11/12


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e328&fn=jkms-38-e328-s004.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e328&fn=jkms-38-e328-s005.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e328&fn=jkms-38-e328-s006.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e328&fn=jkms-38-e328-s007.doc
http://www.ncbi.nlm.nih.gov/pubmed/25237200
https://doi.org/10.1182/blood-2014-02-522128
http://www.ncbi.nlm.nih.gov/pubmed/2738160
https://doi.org/10.1172/JCI114172
http://www.ncbi.nlm.nih.gov/pubmed/26839475
https://doi.org/10.3346/jkms.2016.31.2.214
http://www.ncbi.nlm.nih.gov/pubmed/32390114
https://doi.org/10.1007/s00277-020-04052-z
http://www.ncbi.nlm.nih.gov/pubmed/28516949
https://doi.org/10.1038/nrdp.2017.28
http://www.ncbi.nlm.nih.gov/pubmed/27464489
https://doi.org/10.1007/s12185-016-2065-4
http://www.ncbi.nlm.nih.gov/pubmed/21460245
https://doi.org/10.1182/blood-2011-02-333997

Real-World Efficacy/Safety of Eculizumab in PNH

JKMS

https://jkms.org

10.

11.

12.

13.

14.

15.

Loschi M, Porcher R, Barraco F, Terriou L, Mohty M, de Guibert S, et al. Impact of eculizumab treatment
on paroxysmal nocturnal hemoglobinuria: a treatment versus no-treatment study. Am ] Hematol
2016;91(4):366-70.

PUBMED | CROSSREF

Choi CW, Jang JH, Kim JS, Jo DY, Lee JH, Kim SH, et al. Efficacy of eculizumab in paroxysmal nocturnal
hemoglobinuria patients with or without aplastic anemia: prospective study of a Korean PNH cohort.
Blood Res 2017;52(3):20711.

PUBMED | CROSSREF

Kang KW, Moon H, Lee BH, Jeon MJ, Yu ES, Kim DS, et al. Nationwide study of paroxysmal nocturnal
hemoglobinuria in South Korea: paradox of eculizumab. Ann Hematol 2020;99(7):1493-503.

PUBMED | CROSSREF

Criteria Committee of the New York Heart Association. Diseases of the Heart And Blood Vessels, Nomenclature
and Criteria for Diagnosis. 6th ed. Boston, MA, USA: Little, Brown and Co.; 1964, 114.

DeZern AE, Dorr D, Brodsky RA. Predictors of hemoglobin response to eculizumab therapy in paroxysmal
nocturnal hemoglobinuria. Eur ] Haematol 2013;90(1):16-24.

PUBMED | CROSSREF

Lee JW, Kulasekararaj AG. Ravulizumab for the treatment of paroxysmal nocturnal hemoglobinuria. Expert
Opin Biol Ther2020;20(3):227-37.

PUBMED | CROSSREF

Risitano AM, Marotta S, Ricci P, Marano L, Frieri C, Cacace F, et al. Anti-complement treatment for
paroxysmal nocturnal hemoglobinuria: time for proximal complement inhibition? A position paper from
the SAAWP of the EBMT. Front Immunol 2019;10:1157.

PUBMED | CROSSREF

McNamara LA, Topaz N, Wang X, Hariri S, Fox L, MacNeil JR. High risk for invasive meningococcal
disease among patients receiving eculizumab (Soliris) despite receipt of meningococcal vaccine. MMWR
Morb Mortal Wkly Rep 2017;66(27):734-7.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2023.38.€328 12/12


http://www.ncbi.nlm.nih.gov/pubmed/26689746
https://doi.org/10.1002/ajh.24278
http://www.ncbi.nlm.nih.gov/pubmed/29043236
https://doi.org/10.5045/br.2017.52.3.207
http://www.ncbi.nlm.nih.gov/pubmed/32542443
https://doi.org/10.1007/s00277-020-04133-z
http://www.ncbi.nlm.nih.gov/pubmed/23046169
https://doi.org/10.1111/ejh.12021
http://www.ncbi.nlm.nih.gov/pubmed/32011183
https://doi.org/10.1080/14712598.2020.1725468
http://www.ncbi.nlm.nih.gov/pubmed/31258525
https://doi.org/10.3389/fimmu.2019.01157
http://www.ncbi.nlm.nih.gov/pubmed/28704351
https://doi.org/10.15585/mmwr.mm6627e1

	Long-Term Efficacy and Safety of Eculizumab in Patients With Paroxysmal Nocturnal Hemoglobinuria and High Disease Burden: Real-World Data From Korea
	INTRODUCTION
	METHODS
	Patient population
	Outcome measures
	Statistical analysis

	RESULTS
	Primary endpoint: efficacy
	Hemolysis
	PNH-related clinical symptoms and complications
	Anemia
	Effectiveness evaluation at last follow-up

	Additional endpoints
	Safety

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3
	Supplementary Table 4
	Supplementary Table 5
	Supplementary Fig. 1
	Supplementary Fig. 2

	REFERENCES


