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ABSTRACT

Introduction: Hemolysis in paroxysmal noc-
turnal hemoglobinuria (PNH) is complement-
mediated due to the lack of complement inhi-
bitors in the hemopoietic cell membranes,
making complement inhibition the best

approach to manage PNH. Three complement
inhibitors are approved by the European
Medicines Agency as targeted therapy for PNH:
eculizumab and ravulizumab, two humanized
monoclonal antibodies targeting the same
complement 5 (C5) epitope, approved in 2007
and 2019, respectively, and the more recently
approved cyclic peptide, the complement 3 (C3)
inhibitor pegcetacoplan. Although national and
international PNH treatment guidelines exist,
they do not take into consideration the latest
clinical trial evidence. Given the lack of evi-
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dence-based data for some clinical situations
encountered in real life, we identified specific
populations of patients who may benefit from
switching to proximal C3 from terminal C5
inhibition.
Methods: The expert recommendations pre-
sented here were created using a Delphi-like
process by a group of expert PNH specialists
across Central Europe. Based on an initial
advisory board meeting discussion, recommen-
dations were prepared and reviewed as part of a
Delphi survey to test agreement.
Results: Using a systematic approach, literature
databases were searched for relevant studies,
and 50 articles were reviewed by the experts and
included as supporting evidence.
Conclusion: Implementation of these recom-
mendations uniformly across healthcare insti-
tutions will promote the best use of
complement inhibition in managing PNH, and
has the potential to positively impact patient
outcomes in Central Europe and worldwide.

Keywords: Paroxysmal nocturnal
hemoglobinuria; Complement inactivating
agents; Complement C5; Complement C3;
Hemolysis

Key Summary Points

Up to one-third of patients with
paroxysmal nocturnal hemoglobinuria
(PNH) receiving complement component
5 (C5) inhibitors may experience
breakthrough hemolysis due to
suboptimal inhibition of the terminal
complement pathway.

Evidence-based data for managing
patients who may benefit from switching
to proximal complement component 3
(C3) from terminal C5 inhibition are
lacking.

A Delphi-like process, systematic review,
real-world experience in Central Europe,
and expert opinion were used to develop
recommendations for using complement
Inhibitors in specific populations of
patients with PNH.

Five consensus recommendations for
switching from C5 to C3 anti-
complement agents were developed by 11
PNH experts from Central European.

These recommendations may help
physicians across Central Europe and
worldwide in their treatment decisions in
managing patients with PNH using
complement inhibitors.

INTRODUCTION

Paroxysmal nocturnal hemoglobinuria (PNH) is
an acquired clonal stem cell disorder charac-
terized by the expansion of a population of
hematopoietic cells deficient in glycosylphos-
phatidylinositol (GPI) anchored surface pro-
teins (AP) [1]. It is a rare disease that originates
from somatic mutations in the X-linked phos-
phatidylinositol glycan A gene within a
hematopoietic stem cell [1]. Due to its rarity and
heterogeneity, studies reporting the incidence
and prevalence rates of PNH in Europe are
scarce [2]. Moreover, because PNH remains
undiagnosed in many individuals due to the
rarity of the condition or because the comor-
bidity may mask the diagnosis, reported rates
are likely to be underestimated [2]. Although
the exact incidence of PNH in Europe is largely
unknown, data collection from different sour-
ces estimates 1 case per 100,000 individuals [3].
The onset of clinical manifestations of PNH can
occur in patients of all ages, but the median age
of onset is about 30–40 years [2]. The disease is
rare and often misdiagnosed in children [4],
with pediatric patients accounting for approxi-
mately 5–10% of reported PNH cases [5]. Clini-
cal symptoms and disease burden of PNH vary
widely between individuals, and are heavily
influenced by the proportion of GPI-AP-
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deficient cells or clone size [6]. Historically, PNH
mortality at 5 years with best supportive treat-
ment is about 35% [7]. However, over the last
decade, survival rates for patients with PNH
have dramatically improved by at least 75%
with the approval of the first terminal comple-
ment component 5 (C5) inhibitor, eculizumab
[2]. In addition to its effectiveness in prolonging
overall survival, eculizumab has been shown to
reduce or eliminate the need for blood transfu-
sions by diminishing hemolysis and its associ-
ated sequelae, decreasing the incidence of
thrombosis and improving anemia and quality
of life (QoL) in a large proportion of patients [8].
Breakthrough hemolysis, characterized by the
return of intravascular hemolysis and reap-
pearance of classic PNH symptoms, may occur
due to suboptimal C5 inhibition and/or com-
plement-amplifying conditions, such as infec-
tion, inflammation, surgery, or pregnancy, that
may lead to increased complement activation
[9]. In addition, heterogeneous hematological
responses may be related to factors including
underlying aplastic anemia (AA), frequent C3-
mediated extravascular hemolysis, or the rare
presence of a specific mutation in the C5 gene,
which prevents eculizumab from binding to the
C5 protein [10]. Terminal C5 inhibition leading
to extravascular hemolysis occurs because the
enlarged, CD55-deficient PNH clone becomes
opsonized with C3 fragments and survives due
to C5 blockade, resulting in a continued need
for transfusion in this patient population [11].
Therefore, upstream inhibition of the comple-
ment cascade is a rational strategy to improve
the results of terminal complement-targeted
treatment, which led to the development of
several molecules that inhibit the proximal
complement component 3 (C3) [12]. In addi-
tion to anti-C3 agents, proximal complement
inhibition strategies with anti-factor D agents
and anti-factor B agents are also emerging [13].
Allogeneic hematopoietic cell transplantation
(allo-HCT) remains the only curative option for
PNH. Still, due to the risk of transplant-related
morbidity and mortality, it should be reserved
for severe patients with PNH and suboptimal
response to anti-C5 therapy and no access to
clinical trials with novel therapeutic agents,

such as patients with PNH in the setting of
another specified bone marrow disorder [1].

Several PNH-specific treatment guidelines
that include complement inhibition have been
published in Europe [13–21]. However, these
guidelines are based on evidence from early
studies with eculizumab only, and were written
prior to EU approval of the C5 inhibitor ravu-
lizumab in July 2019 and the proximal C3
inhibitor pegcetacoplan by the European
Medicines Agency (EMA) in December 2021. To
address this shortcoming, a systematic literature
review was conducted and a consensus meeting
was organized to collect clinically relevant and
up-to-date recommendations from 11 Central
European experts on using complement inhi-
bitor therapies in clinically-relevant patient
populations.

PNH CLASSIFICATION
AND CLINICAL MANIFESTATIONS

PNH is characterized by intravascular hemoly-
sis, bone marrow failure, and a tendency to
develop thrombosis. However, not all of these
clinical features are found in all patients at
presentation due to individual heterogeneity
[1]. PNH is classified into three main subtypes:
classic PNH (including hemolytic and throm-
botic patients), subclinical PNH, and PNH in the
setting of another specified bone marrow dis-
order (e.g., AA or myelodysplastic syndrome;
MDS. The classic subtype is diagnosed in
approximately one-third of patients with PNH,
typically those presenting with intravascular
hemolysis symptoms but who have no evidence
of another defined bone marrow disorder [22].
These patients have a normocellular to hyper-
cellular bone marrow with erythroid hyper-
plasia, an elevated reticulocyte count, and
lactate dehydrogenase (LDH) 2–10 times the
upper limit of normal (ULN) [23]. Patients with
PNH classic symptoms usually have a large PNH
clone (mean granulocyte PNH clone size
50–70%) [6]. The absence of two GPI-APs,
namely CD55 and CD59, on the surface of ery-
throcytes is the primary cause of complement-
mediated intravascular hemolysis, consequen-
tial anemia, and associated complications in
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PNH [1]. Therefore, patients with classic PNH
tend to benefit the most from treatment with
inhibitors of the complement pathway [6]. All
patients with PNH are at an increased risk of
thrombosis; however, the risk possibly increases
with increasing clone size [18]. Approximately
40% of patients with PNH experience unex-
plained venous thrombosis during the course of
their disease, often in unusual locations, such as
splanchnic or cerebral venous sinus thrombosis
[24]. Notably, 40–67% of PNH deaths can be
attributed to a thrombotic event [25]. Other
classic disease manifestations include smooth
muscle dystonia (e.g., esophageal spasm and
erectile dysfunction), severe fatigue (present in
80% of patients with PNH) [26], renal impair-
ment, and pulmonary hypertension [23, 27].
Many of these complications are a consequence
of nitric oxide depletion, due to the toxic effects
of free circulating hemoglobin.

Subclinical patients with PNH who present
with cytopenia without clinical hemolysis usu-
ally have small clone sizes (B 10% granulocyte
clone) as seen by sensitive flow cytometric
analysis [6, 23]. The majority of subclinical
patients are asymptomatic or exhibit limited
symptomology, and probably have a much
lower thromboembolic risk than classic patients
[6]. Approximately 2–6% of patients with PNH
will develop severe bone marrow failure by
10 years post-diagnosis, which may manifest as
secondary MDS/acute myeloid leukemia [28].
PNH associated with bone marrow failure is
characterized by clinical and laboratory findings
of hemolysis of variable degrees with concomi-
tant evidence of a defined bone marrow
abnormality [29].

ANTI-COMPLEMENT TREATMENT
OPTIONS

C5 Inhibition

Two C5 inhibitors, eculizumab and ravulizu-
mab, are licensed for intravenous use in Europe
[12]. Eculizumab, a humanized monoclonal
antibody that targets complement C5, was
approved by the EMA in June 2007 to treat PNH
in adults and children with hemolysis with

clinical symptom(s) indicative of high disease
activity, regardless of transfusion history [12].
Approval of eculizumab was based on results
from the Phase 3 double-blinded, placebo-con-
trolled TRIUMPH study, which demonstrated
that eculizumab reduced hemolysis and trans-
fusion requirements, and improved fatigue in
patients with PNH [8]. Similar benefits of ecu-
lizumab were observed in the SHEPHERD study,
an open-label, safety and efficacy trial that
enrolled a more heterogeneous population of
patients with PNH than TRIUMPH, including
those with significant thrombocytopenia and
minimal transfusion requirements [30]. Results
from TRIUMPH and SHEPHERD provide evi-
dence that eculizumab therapy for PNH is
effective, safe, and well-tolerated in a stan-
dardized setting with predefined outcome cri-
teria [8, 30]. Furthermore, in an open-label
extension study of patients from TRIUMPH and
SHEPHERD, eculizumab treatment dramatically
reduced the thromboembolism event rate from
7.4 to 1.1 events per 100 patient-years [31].
Ravulizumab is indicated for treating adults and
children with a body weight of 10 kg or above
with PNH, with hemolysis with clinical symp-
tom(s) indicative of high disease activity, and
who are clinically stable after being treated with
eculizumab for at least the past 6 months [12]. It
has a mean terminal half-life approximately
four times longer than eculizumab, providing
immediate, complete, and sustained terminal
C5 inhibition with an 8-week dosing interval
[12]. Notably, ravulizumab demonstrated non-
inferior efficacy and comparable safety to ecu-
lizumab in two open-label, Phase 3 studies in
patients with PNH, who were complement
inhibitor-naive (Study 301) or who were previ-
ously treated with eculizumab (Study 302)
[32, 33]. The key efficacy findings of the Phase 3
pivotal trials for eculizumab and ravulizumab
are summarized in Table 1. Patients on eculi-
zumab or ravulizumab may be susceptible to
meningococcal infections, and should, there-
fore, be vaccinated 2 weeks before beginning
therapy [12]. Real-life data also support the
beneficial effects of C5 inhibitors in the treat-
ment of PNH [34, 35]. Notably, the proportion
of patients with PNH requiring blood transfu-
sions was substantially reduced with

Adv Ther (2023) 40:2752–2772 2755



T
ab
le

1
Su
m
m
ar
y
of

ef
fic
ac
y
an
d
sa
fe
ty

da
ta

fr
om

pi
vo
ta
l
cl
in
ic
al
Ph

as
e
3
tr
ia
ls
of

E
U
-li
ce
ns
ed

co
m
pl
em

en
t
in
hi
bi
to
rs

St
ud

y
(C

lin
ic
aT

ri
al
s.
go
v

id
en
ti
fie
r)

St
ud

y
de
si
gn

(p
op

ul
at
io
n

ch
ar
ac
te
ri
st
ic
s)

T
ri
al

du
ra
ti
on

P
at
ie
nt
s,
n;

m
ed
ia
n
ag
e

P
ri
m
ar
y
ef
fic
ac
y
an
d
sa
fe
ty

en
dp

oi
nt
s

K
ey

ou
tc
om

es
R
ef

E
ffi
ca
cy

an
d
sa
fe
ty

ou
tc
om

es
T
ra
ns
fu
si
on

in
de
pe
nd

en
ce

ac
hi
ev
ed

E
cu
liz
um

ab
(C

5
in
hi
bi
ti
on

)

T
R
IU

M
PH

(N
C
T
00
12
23
30
)

D
ou
bl
e-
bl
in
d,

m
ul
ti
ce
nt
er

ra
nd

om
iz
ed

tr
ia
l
of

E
C
U

vs
.P

B
O

in
tr
an
sf
us
io
n-
de
pe
nd

en
t
PN

H
pt
s

(p
ts
ha
d
un

de
rg
on
e
C

4
tr
an
sf
us
io
ns

in
pr
io
r
12

m
on
th
s)

26
w
ee
ks

87
(n

=
43

E
C
U

an
d

n
=

44
PB

O
);

38
ye
ar
s

C
op
ri
m
ar
y
ef
fic
ac
y
en
dp
oi
nt
s:
st
ab
ili
za
ti
on

of
H
b
le
ve
ls
an
d
no
.P

R
B
C

un
it
s
tr
an
sf
us
ed

E
ffi
ca
cy
:
H
b
st
ab
ili
za
ti
on
:
49
.0
%

vs
.0

.0
%

(p
\

0.
00
1)

fo
r
pt
s
in

th
e
E
C
U

an
d
PB

O
gr
ou
ps
,r
es
pe
ct
iv
el
y;
nu

m
be
r
of

PR
B
C

un
it
s

tr
an
sf
us
ed
:
0
in

th
e
E
C
U

gr
ou
p
vs
.1

0
in

th
e

PB
O

gr
ou
p
(p
\

0.
00
1)

51
.0
%

H
ill
m
en

et
al
.

20
06

[8
]

Sa
fe
ty
:
A
E
s,
la
bo
ra
to
ry

fin
di
ng
s,
E
C
G

an
d

vi
ta
l
si
gn
s

Sa
fe
ty
:n

o
de
at
hs
;S
A
E
s
re
po
rt
ed

in
4
E
C
U

pa
ti
en
ts

an
d
9
PB

O
pt
s;
no

SA
E
w
as

de
em

ed
tr
ea
tm

en
t-

re
la
te
d

SH
E
PH

E
R
D

(N
C
T
00
13
00
00
)

O
pe
n-
la
be
l,
si
ng
le
-a
rm

(P
N
H

pt
s
w
it
h

m
in
im

al
tr
an
sf
us
io
n
re
qu
ir
em

en
ts

an
d
w
it
h
ev
id
en
ce

of
T
C
P)

52
w
ee
ks

97
(I
T
T
);

41
ye
ar
s

E
ffi
ca
cy
:
he
m
ol
ys
is
as
se
ss
ed

by
L
D
H

A
U
C

E
ffi
ca
cy
:
he
m
ol
ys
is
re
du
ct
io
n:

87
.0
%

of
pa
ti
en
ts

(p
\

0.
00
1)

51
.0
%

B
ro
ds
ky

et
al
.

20
08

[3
0]

Sa
fe
ty
:
A
E
s,
la
bo
ra
to
ry

fin
di
ng
s,
E
C
G

an
d

vi
ta
l
si
gn
s

Sa
fe
ty
:S
A
E
s
in

44
pt
s,
7
w
er
e
po
ss
ib
ly
dr
ug
-r
el
at
ed
,

in
cl
ud
in
g
py
re
xi
a
(2
),
he
ad
ac
he

(1
),
ab
do
m
in
al

di
st
en
si
on

(1
),
vi
ra
l
in
fe
ct
io
n
(1
),
an
xi
et
y
(1
),

an
d
re
na
li
m
pa
ir
m
en
t
(1
).
T
he

m
aj
or
it
y
(9
6.
4%

)
of

A
E
s
w
er
e
m
ild

to
m
od
er
at
e
in

in
te
ns
it
y.

T
E
A
E
s
in

2
pt
s.
V
it
al
si
gn
s,
ph
ys
ic
al

ex
am

in
at
io
n,

an
d
E
C
G

da
ta

di
d
no
t
re
ve
al

te
m
po
ra
lly

as
so
ci
at
ed

A
E
s.
N
o
cl
in
ic
al
ly

si
gn
ifi
ca
nt

la
bo
ra
to
ry

ab
no
rm

al
it
ie
s
w
er
e
se
en

R
av
ul
iz
um

ab
(C

5
in
hi
bi
ti
on

)

30
1 (N

C
T
02
94
64
63
)

A
ct
iv
e-
co
nt
ro
lle
d,

m
ul
ti
ce
nt
er
,

ra
nd

om
iz
ed

op
en
-la
be
l
st
ud
y

(c
om

pl
em

en
t
in
hi
bi
to
r-
na
ı̈v
e
pt
s)

26
w
ee
ks

24
6 (n

=
12
5

R
A
V
an
d

n
=

12
1

E
C
U
);

45
.5

ye
ar
s

C
op
ri
m
ar
y
ef
fic
ac
y
en
dp
oi
nt
s:
tr
an
sf
us
io
n

av
oi
da
nc
e
an
d
he
m
ol
ys
is
as
se
ss
ed

by
L
D
H

no
rm

al
iz
at
io
n

E
ffi
ca
cy
:
tr
an
sf
us
io
n
av
oi
da
nc
e
ac
hi
ev
ed

fo
r
73
.6
%

an
d
66
.1
%

of
pt
s
re
ce
iv
in
g
R
A
V
an
d
E
C
U
,

re
sp
ec
ti
ve
ly
,w

it
h
a
be
tw
ee
n-
gr
ou
p
di
ff
er
en
ce

of
6.
8%

(9
5%

C
I,
-

4.
7,

18
.1
;
P
in
f
\

0.
00
01
);

T
he

ad
ju
st
ed

pr
ev
al
en
ce

of
L
D
H

no
rm

al
iz
at
io
n

w
as
53
.6
%
fo
r
th
e
R
A
V
gr
ou
p
an
d
49
.4
%
fo
r
th
e

E
C
U

gr
ou
p

N
R

L
ee

et
al
.

20
19

[3
2]

Sa
fe
ty
:
A
E
s

Sa
fe
ty
:
he
ad
ac
he

oc
cu
rr
ed

in
36
.0
%

of
R
A
V
an
d

33
.1
%
of

E
C
U
pt
s.
SA

E
s
in

11
R
A
V
an
d
9
E
C
U

pt
s.
N
o
de
at
hs

or
ca
se
s
of

m
en
in
gi
ti
s
w
er
e

re
po
rt
ed

in
ei
th
er

tr
ea
tm

en
t
gr
ou
p.

SA
E
s
in

2.
1%

R
A
V
an
d
1.
0%

E
C
U

pt
s

30
2 (N

C
T
03
05
60
40
)

A
ct
iv
e-
co
nt
ro
lle
d,

m
ul
ti
ce
nt
er
,

ra
nd

om
iz
ed
,o

pe
n-
la
be
l
st
ud
y

(c
om

pl
em

en
t
in
hi
bi
to
r-

ex
pe
ri
en
ce
d
pt
s

st
ab
le
fo
r
C

6
m
on
th
s
on

E
C
U
)

26
w
ee
ks

19
1
(n

=
96

R
A
V
an
d

n
=

95
E
C
U
);

m
ea
n
ag
e

35
.5

ye
ar
s

E
ffi
ca
cy
:
pe
rc
en
ta
ge

ch
an
ge

in
he
m
ol
ys
is

as
se
ss
ed

by
L
D
H

fr
om

ba
se
lin

e
to

D
ay

18
3

E
ffi
ca
cy
:
pe
rc
en
ta
ge

ch
an
ge

in
L
D
H
:
di
ff
er
en
ce
,

9.
2%

(9
5%

C
I,
20
.4

to
18
.8
;
p
=

0.
05
8
fo
r

su
pe
ri
or
it
y)
,s
ho
w
in
g
R
A
V
w
as

no
n-
in
fe
ri
or

to
E
C
U

N
R

K
ul
as
ek
ar
ar
aj

et
al
.2

01
9

[3
3]

Sa
fe
ty
:
A
E
s

Sa
fe
ty
:
he
ad
ac
he

oc
cu
rr
ed

in
26
.8
%

of
R
A
V
an
d

17
.3
%

of
E
C
U

pt
s.
SA

E
s
in

4
R
A
V
an
d
8
E
C
U

pt
s.
N
o
ca
se
s
of

m
en
in
gi
ti
s
w
er
e
re
po
rt
ed

in
ei
th
er
tr
ea
tm

en
t
gr
ou
p.
SA

E
—
py
re
xi
a
in

1
R
A
V

an
d
2
E
C
U

pt
s

2756 Adv Ther (2023) 40:2752–2772



T
a
b
le

1
co
n
ti
n
u
ed

St
ud

y
(C

lin
ic
aT

ri
al
s.
go
v

id
en
ti
fie
r)

St
ud

y
de
si
gn

(p
op

ul
at
io
n

ch
ar
ac
te
ri
st
ic
s)

T
ri
al

du
ra
ti
on

P
at
ie
nt
s,
n;

m
ed
ia
n
ag
e

P
ri
m
ar
y
ef
fic
ac
y
an
d
sa
fe
ty

en
dp

oi
nt
s

K
ey

ou
tc
om

es
R
ef

E
ffi
ca
cy

an
d
sa
fe
ty

ou
tc
om

es
T
ra
ns
fu
si
on

in
de
pe
nd

en
ce

ac
hi
ev
ed

P
eg
ce
ta
co
pl
an

(C
3
in
hi
bi
ti
on

)

PE
G
A
SU

S
(N

C
T
03
50
05
49
)

A
ct
iv
e-
co
nt
ro
lle
d,

m
ul
ti
ce
nt
er
,

ra
nd

om
iz
ed
,o

pe
n-
la
be
l
st
ud
y

(c
om

pl
em

en
t
in
hi
bi
to
r-

ex
pe
ri
en
ce
d
pt
s

st
ab
le
fo
r
C

3
m
on
th
s
on

E
C
U

w
it
h
H
b
\

10
.5

g/
dL

at
sc
re
en
in
g)

16
w
ee
ks

80
(n

=
41

PG
C

an
d

n
=

39
E
C
U
);

m
ea
n
ag
e

48
.8

ye
ar
s

E
ffi
ca
cy
:
pe
rc
en
ta
ge

ch
an
ge

in
H
b
le
ve
l
fr
om

ba
se
lin

e
to

W
ee
k
16

du
ri
ng

th
e

ra
nd

om
iz
ed
,c
on
tr
ol
le
d
pe
ri
od

E
ffi
ca
cy
:
im

pr
ov
em

en
t
in

ad
ju
st
ed

m
ea
ns

of
3.
8
g/

dL
of

H
b
at

w
ee
k
16

(p
\

0.
00
1)
,s
ho
w
in
g

su
pe
ri
or
it
y
of

PG
C

to
E
C
U

85
.0
%

vs
.1

5.
0%

(p
\

0.
00
1)

fo
r
PG

C
an
d

E
C
U
-t
re
at
ed

pt
s,

re
sp
ec
ti
ve
ly

H
ill
m
en

et
al
.

20
21

[3
7]

Sa
fe
ty
:
A
E
s,
T
E
s,
la
bo
ra
to
ry

an
d
E
C
G

va
ri
ab
le
s

Sa
fe
ty
:
A
E
s
oc
cu
rr
ed

in
88
.0
%

PG
C

an
d
87
.0
%

E
C
U

pa
ti
en
ts
.M

os
t
co
m
m
on

A
E
s:
in
je
ct
io
n-

si
te

re
ac
ti
on
s
(3
7.
0%

vs
.3

.0
%
),
di
ar
rh
ea

(2
2.
0%

vs
.3

.0
%
),
B
T
H

(1
0.
0%

vs
.2

3.
0%

),
he
ad
ac
he

(7
.0
%

vs
.2

3.
0%

),
an
d
fa
ti
gu
e
(5
.0
%

vs
.1

5.
0%

).
SA

E
s
oc
cu
rr
ed

in
17
.0
%

of
PG

C
an
d
15
.0
%

of
E
C
U

pa
ti
en
ts
.I
nf
ec
ti
on
s
w
er
e
re
po
rt
ed

in
29
.0
%

PG
C

an
d
26
.0
%

E
C
U

pt
s;
m
en
in
gi
ti
s

w
as

no
t
re
po
rt
ed

in
ei
th
er

tr
ea
tm

en
t
gr
ou
p.

N
o

T
E
s
in

ei
th
er

gr
ou
p.

B
T
H

in
10
.0
%

PG
C

an
d

23
.0
%

E
C
U

pt
s

48
w
ee
ks

77
(n

=
38

PG
C
-t
o-

PG
C

an
d

n
=

39
E
C
U

to
PG

C
)

E
ffi
ca
cy

an
d
sa
fe
ty

en
dp
oi
nt
s
w
er
e
as

pe
r
th
e

16
-w
ee
k
st
ud
y
(s
ee

ab
ov
e)

E
ffi
ca
cy
:
Pa
ti
en
ts
in

th
e
PG

C
-t
o-
PG

C
gr
ou
p

m
ai
nt
ai
ne
d
a
hi
gh

m
ea
n
[H

b]
be
tw
ee
n
16

w
ee
ks

(1
1�
5
g/
dL

)
an
d
48

w
ee
ks

(1
1�
3
g/
dL

;
p
=

0�
14
0)
.P
at
ie
nt
s
in

th
e
E
C
U
-t
o-
PG

C
gr
ou
p

ha
d
si
gn
ifi
ca
nt
ly
gr
ea
te
r
m
ea
n
[H

b]
at
48

w
ee
ks

(1
1�
6
g/
dL

)
ve
rs
us

16
w
ee
ks

(8
�6

g/
dL

;
p
\

0 �
00
01
).
C
lin

ic
al
ly
m
ea
ni
ng
fu
l

im
pr
ov
em

en
ts
in

FA
C
IT
-F
at
ig
ue

sc
or
es
:
m
ea
n

ch
an
ge

fr
om

ba
se
lin

e
fo
r
al
l
pa
ti
en
ts
re
ce
iv
in
g

PG
C

of
9�
9
po
in
ts
(S
D

9�
6)
,f
or

pa
ti
en
ts
in

th
e

PG
C
-t
o-
PG

C
gr
ou
p
m
ea
n
10
.1
po
in
ts
(9
.1
),
an
d

fo
r
pa
ti
en
ts
in

th
e
E
C
U
-t
o-
PG

C
gr
ou
p
m
ea
n

9.
6
po
in
ts
(1
0�
3)

73
.0
%

vs
.7

2.
0%

in
th
e
PG

C
-

to
-P
G
C

an
d

E
C
U
-t
o-
PG

C
gr
ou
ps
,

re
sp
ec
ti
ve
ly

D
e
L
at
ou
r

et
al
.2

02
2

[3
8]

Sa
fe
ty
:
16
.0
%

of
pa
ti
en
ts
di
sc
on
ti
nu

ed
tr
ea
tm

en
t

(7
.0
%

th
ro
ug
h
to

w
ee
k
16

du
e
to

B
T
H
,a
nd

13
.0
%

du
e
to

se
ve
re

tr
ea
tm

en
t-
em

er
ge
nt

ad
ve
rs
e

ev
en
ts
)
an
d
18

pa
ti
en
ts
(n

=
8
PG

C
-t
o-
PG

C
,

n
=

10
E
C
U
-t
o-
PG

C
)
ha
d
at

le
as
t
on
e
se
ri
ou
s

T
E
A
E
du
ri
ng

th
e
O
L
pe
ri
od
,f
ou
r
of

w
hi
ch

w
er
e

co
ns
id
er
ed

to
be

re
la
te
d
to

PG
C
tr
ea
tm

en
t.
T
he

m
os
t
co
m
m
on

T
E
A
E
s
(i
n
C

10
.0
%

pa
ti
en
ts
)

am
on
g
bo
th

PG
C
-t
re
at
ed

gr
ou
ps

du
ri
ng

th
e
O
L

pe
ri
od

w
er
e
in
je
ct
io
n
si
te

re
ac
ti
on
s
(2
6.
0%

),
he
m
ol
ys
is
(1
9.
0%

),
na
so
ph
ar
yn
gi
ti
s
(1
6.
0%

),
an
d

di
ar
rh
oe
a
(1
3.
0%

).
N
o
tr
ea
tm

en
t-
re
la
te
d
de
at
hs

oc
cu
rr
ed

th
ro
ug
ho
ut

th
e
st
ud
y

Adv Ther (2023) 40:2752–2772 2757



T
a
b
le

1
co
n
ti
n
u
ed

St
ud

y
(C

lin
ic
aT

ri
al
s.
go
v

id
en
ti
fie
r)

St
ud

y
de
si
gn

(p
op

ul
at
io
n

ch
ar
ac
te
ri
st
ic
s)

T
ri
al

du
ra
ti
on

P
at
ie
nt
s,
n;

m
ed
ia
n
ag
e

P
ri
m
ar
y
ef
fic
ac
y
an
d
sa
fe
ty

en
dp

oi
nt
s

K
ey

ou
tc
om

es
R
ef

E
ffi
ca
cy

an
d
sa
fe
ty

ou
tc
om

es
T
ra
ns
fu
si
on

in
de
pe
nd

en
ce

ac
hi
ev
ed

PR
IN

C
E

(N
C
T
04
08
56
01
)

M
ul
ti
ce
nt
er
,r
an
do
m
iz
ed
,o

pe
n-
la
be
l

tr
ia
l
of

PG
C

vs
.S

O
C

(e
xc
lu
di
ng

co
m
pl
em

en
t-
in
hi
bi
to
rs
)
in

co
m
pl
em

en
t-
in
hi
bi
to
r-
na
ı̈v
e
PN

H
pt
s

26
w
ee
ks

53
(n

=
35

PG
C

an
d

n
=

18
SO

C
);

m
ea
n
ag
e

48
.8

ye
ar
s

C
op
ri
m
ar
y
ef
fic
ac
y
en
dp
oi
nt
s:
H
b

st
ab
ili
za
ti
on

(a
vo
id
an
ce

of
a
[

1.
0
g/
dL

de
cr
ea
se

in
H
b
le
ve
ls
in

th
e
ab
se
nc
e
of

tr
an
sf
us
io
ns
)
an
d
ch
an
ge

fr
om

ba
se
lin

e
(C

FB
)
in

L
D
H

le
ve
l
fr
om

ba
se
lin

e
to

W
ee
k
26

E
ffi
ca
cy
:
PG

C
w
as

su
pe
ri
or

to
SO

C
in

bo
th

co
-

pr
im

ar
y
en
dp
oi
nt
s.
H
b
st
ab
ili
za
ti
on

w
as

ac
hi
ev
ed

by
85
.7
%

(n
=

30
)
of

PG
C
-t
re
at
ed

pa
ti
en
ts
an
d
0.
0%

of
SO

C
pa
ti
en
ts
th
ro
ug
h

W
ee
k
26

(p
\

0.
00
01
).
PG

C
-t
re
at
ed

pa
ti
en
ts

de
m
on
st
ra
te
d
su
pe
ri
or

re
du
ct
io
ns

in
m
ea
n
L
D
H

le
ve
ls
fr
om

ba
se
lin

e
to

W
ee
k
26

co
m
pa
re
d
to

SO
C

pa
ti
en
ts
(l
ea
st
-s
qu
ar
es

m
ea
n
C
FB

:
PG

C
,

-
18
70
.5
U
/L
;S
O
C
,-

40
0.
1
U
/L
;p

\
0.
00
01
),

an
d
m
ea
n
L
D
H

le
ve
ls
in

PG
C
-t
re
at
ed

pa
ti
en
ts

at
W
ee
k
26

(m
ea
n
le
ve
l:
20
4.
6
U
/L
)
w
er
e
be
lo
w

th
e
U
L
N

fo
r
L
D
H

(2
26
.0

U
/L
)

N
R

W
on
g
et

al
.

20
21

[3
9]

Sa
fe
ty
(s
ec
on
da
ry

en
dp
oi
nt
):
in
ci
de
nc
e
of

A
E
s

Sa
fe
ty
:s
er
io
us

A
E
s
w
er
e
re
po
rt
ed

by
8.
7%

(n
=

4)
of

PG
C
-t
re
at
ed

pa
ti
en
ts
an
d
16
.7
%

(n
=

3)
of

SO
C

pa
ti
en
ts
th
ro
ug
h
W
ee
k
26
.T

w
o
de
at
hs

(P
G
C
,2

.9
%
,n

=
1,

se
pt
ic
sh
oc
k
re
la
te
d
to

m
ed
ul
la
ry

ap
la
si
a;
SO

C
,5

.6
%
,n

=
1,

re
sp
ir
at
or
y
fa
ilu
re
),
bo
th

de
em

ed
un

re
la
te
d
to

tr
ea
tm

en
t,
oc
cu
rr
ed
.N

o
ev
en
ts
of

m
en
in
gi
ti
s
or

th
ro
m
bo
si
s
w
er
e
re
po
rt
ed

in
ei
th
er

gr
ou
p.

T
he

m
os
t
co
m
m
on

A
E
s
re
po
rt
ed

du
ri
ng

th
e
st
ud
y

w
er
e
in
je
ct
io
n
si
te

re
ac
ti
on

(P
G
C
,3

0.
4%

,
n
=

14
;
SO

C
,0

.0
%
),
hy
po
ka
le
m
ia
(P
G
C
,

13
.0
%
,n

=
6;

SO
C
,1

1.
1%

,n
=

2)
,a
nd

fe
ve
r

(P
G
C
,8

.7
%
,n

=
4;

SO
C
,0

.0
%
).
T
he
re

w
er
e

no
A
E
s
le
ad
in
g
to

di
sc
on
ti
nu

at
io
n
of

PG
C

A
E
ad
ve
rs
e
ev
en
t,
A
U
C
ar
ea

un
de
r
cu
rv
e,
B
T
H

br
ea
kt
hr
ou
gh

he
m
ol
ys
is
,C

I
co
nfi

de
nc
e
in
te
rv
al
,E

C
G
el
ec
tr
oc
ar
di
og
ra
m
,E

C
U
ec
ul
iz
um

ab
,H

b
he
m
og
lo
bi
n,
E
U
E
ur
op
ea
n
U
ni
on
,I
T
T
in
te
nt

to
tr
ea
t,
L
D
H

la
ct
at
e
de
hy
dr
og
en
as
e,
N
R
no
t

re
po
rt
ed
,O

L
op
en
-la
be
l,
PB

O
pl
ac
eb
o,

PG
C
pe
gc
et
ac
op
la
n,

P i
n
f
p
va
lu
e
fo
r
no
ni
nf
er
io
ri
ty
,P

N
H

pa
ro
xy
sm

al
no
ct
ur
na
l
he
m
og
lo
bi
nu

ri
a,
PR

B
C
pa
ck
ed

re
d
bl
oo
d
ce
lls
,p
ts
pa
ti
en
ts
,R

A
V
ra
vu
liz
um

ab
,S

A
E
se
ri
ou
s
ad
ve
rs
e
ev
en
t,
SO

C
st
an
da
rd

of
ca
re
,T

E
th
ro
m
bo
em

bo
lic

ev
en
t,
T
E
A
E
tr
ea
tm

en
t-
em

er
ge
nt

ad
ve
rs
e
ev
en
t,
T
C
P
th
ro
m
bo
cy
to
pe
ni
a,
U
/L

un
it
s
pe
r
lit
er

2758 Adv Ther (2023) 40:2752–2772



eculizumab or ravulizumab monotherapy or
after eculizumab to ravulizumab switch [34–36].
The advantages and disadvantages of C5 inhi-
bition are shown in Table 2.

C3 Inhibition

Pegcetacoplan is the first and only licensed C3
inhibitor in Europe [12]. It was recently
approved for subcutaneous use in adult patients
with PNH who are anemic after treatment with
a C5 inhibitor for at least 3 months [12]. Before
starting pegcetacoplan treatment, patients must
be vaccinated against Neisseria meningitidis,
Streptococcus pneumoniae, and Hemophilus
influenzae [12]. Pegcetacoplan functions proxi-
mally in the complement cascade, regulating
C3b-mediated extravascular hemolysis and, by
blocking the cascade proximally, it prevents
terminal intravascular hemolysis [12]. The
approval of pegcetacoplan was based on the
results of a 16-week, multi-center, randomized,
open-label, active comparator-controlled Phase

3 clinical trial, PEGASUS [37]. The primary aim
of the PEGASUS trial was to compare the effi-
cacy and safety of pegcetacoplan with that of
eculizumab in adults with PNH and hemoglo-
bin levels lower than 10.5 g/dL despite eculizu-
mab therapy (Table 1) [37]. Results from this
trial demonstrated the superiority of C3 inhi-
bition with pegcetacoplan compared to eculi-
zumab in improving hemoglobin and
noninferiority in other clinical and hematologic
outcomes in patients with PNH by providing
broad hemolysis control, including control of
intravascular and extravascular hemolysis [37].
In the open-label period of the PEGASUS study,
the long-term efficacy and safety of pegceta-
coplan over 48 weeks of treatment were assessed
compared to the C5 inhibitor eculizumab [38].
Pegcetacoplan demonstrated superiority to
eculizumab with a statistically significant
improvement in adjusted means of 3.8 g/dL of
hemoglobin at week 16 (p\0.001) [38]. Addi-
tionally, 85% of pegcetacoplan-treated patients
were transfusion free over 16 weeks versus

Table 2 Advantages and disadvantages of C5 and C3 inhibition

C5 inhibition C3 inhibition

Advantage(s) • Several years of real-world data/experience

• Clinically effective in a large proportion of

patients

• Very well tolerated, few side effects

• aSuperior efficacy compared to C5 eculizumab in

improving Hb and improvements in clinical and

hematologic outcomes in patients with PNH

(PEGASUS trial)

• Current C3 inhibitor available as SQ treatment;

option for self-administration

• Well tolerated, few side effects

Disadvantage(s) • Not effective in all patients

• Accentuates C3-related extravascular hemolysis

• Current C5 inhibitors available as IV treatments

• Neisseria meningitidis vaccination required

• High direct cost

• High indirect cost (e.g., breakthrough hemolysis

and loss of work/school productivity due to

treatment regimen)

• Only one approved treatment is available in the

EU

• Twice weekly applications

• Limited clinical and real-world data/experience

• Neisseria meningitidis, Streptococcus pneumoniae
and Hemophilus influenzae vaccination required

• High direct cost

• Indirect cost unknown

aSuperior efficacy was only for patients who remained anemic on a stable dose of eculizumab
C3 complement component 3, C5 complement component 5, EU European Union, Hb hemoglobin, PNH paroxysmal
nocturnal hemoglobinuria, IV intravenous, SQ subcutaneous
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15.0% of eculizumab-treated patients [38]. Fur-
thermore, meaningful improvements were also
observed across key markers of disease (e.g.,
absolute reticulocyte count, lactate dehydroge-
nase, and fatigue) [38]. The Phase 3 PRINCE
study of pegcetacoplan vs. standard-of-care
(SOC, excluding complement inhibitors) in
treatment-naı̈ve patients with PNH further
supports the efficacy and safety profile of
pegcetocoplan in PNH [39]. Pegcetacoplan
demonstrated statistical superiority on the co-
primary endpoints of hemoglobin stabilization
and reduction in lactate dehydrogenase (LDH)
compared to SOC at week 26 (Table 1). In
addition, the safety profile of pegcetacoplan was
consistent with previous studies [39]. QoL data
from the PRINCE study have recently been
reported, showing that patients with PNH who
were naı̈ve to complement inhibition exhibited
meaningful QoL improvements through
26 weeks of pegcetacoplan treatment [40]. Fati-
gue symptom score, measured by the European
Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire-Core 30
Scale (EORTC QLQ-C30) increased, and the
Functional Assessment of Chronic Illness Ther-
apy-Fatigue FACIT-Fatigue (FACIT-F) score
improved with pegcetacoplan to 45.3 at week
26, i.e., similar to the population norm of 44.0
[40, 41]. The mean total linear analog self-
assessment score also improved from 186.5
points at baseline to 241.0 points at week 26 in
the pegcetacoplan group but decreased in the
SoC group., indicating a better QoL was
achieved in the pegcetacoplan treatment group
[40]. In a subgroup analysis of patients with
PNH and baseline hemoglobin levels C 10.0 g/
dL from the PEGASUS (NCT03500549), PAD-
DOCK (NCT02588833), and PRINCE
(NCT04085601), the results suggest that pegc-
etacoplan can be efficacious in patients with less
severe anemia regardless of prior complement
inhibitor treatment, further improving clinical
markers of hemolysis and fatigue [42]. A
recently reported matching-adjusted indirect
comparison study showed that pegcetacoplan is
more efficacious than ravulizumab or eculizu-
mab among complement inhibitor–naı̈ve
patients with PNH [43]. The advantages and

disadvantages of C3 inhibition are shown in
Table 2.

Novel Therapies in Late-Stage Clinical
Development

Various novel agents are under evaluation in
ongoing Phase 3 clinical trials and hold promise
for patients suffering from PNH (https://
clinicaltrials.gov/). These include three fully
human anti-C5 monoclonal antibodies: croval-
imab [NCT03157635, COMMODORE-1 (NCT0
4432584), COMMODORE-2 (NCT04434092),
COMMODORE-3 (NCT04654468)], LFG316
[NCT02534909; APPLY-PNH (NCT04558918)]
and pozelimab/REN3918 (NCT05131204,
NCT04811716, NCT05133531, NCT03946748),
in addition to several eculizumab biosimilars. A
small protein complement C5 inhibitor,
rVA576 (Coversin), which prevents the cleavage
of C5 by C5 convertase into C5a and C5b, is
being investigated in Phase 2/3 trials [CON-
SERVE (NCT03829449, NCT02591862)],
including in patients with PNH resistance to
eculizumab due to complement C5 polymor-
phisms [CONSENTII (NCT03427060)]. Cem-
disiran (ALN-CC5) is a subcutaneously
administered N-acetylgalactosamine (GalNAc)
conjugated RNA interference (RNAi) therapeu-
tic targeting the C5 component of the comple-
ment pathway in development for the
treatment of PNH (NCT02352493). Danicopan,
a first-in-class oral small molecule Factor D
inhibitor, has been designed to control
intravascular hemolysis and prevent C3-medi-
ated extravascular hemolysis, and is currently
being investigated in patients with PNH with
inadequate response to eculizumab (NCT0
3472885) and as add-on therapy to a C5 inhi-
bitor in patients with PNH (NCT05389449); and
in patients with PNH and clinically evident
extravascular hemolysis (NCT04469465). Two
other oral, selective small molecule inhibitors of
Factor D are also currently being evaluated in
Phase 2/3 PNH trials: BCX9930 [NCT04702568,
NCT04330534, REDEEM-1 (NCT05116774),
REDEEM-2 (NCT05116787)] and vemircopan,
formerly ALXN 2050 and ACH 0145228,
(NCT04170023). A first-in-class, oral, targeted
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factor B inhibitor, iptacopan (LNP023), has also
shown promise in clinical trials to reduce both
intravascular and extravascular hemolysis
[APPLY-PNH (NCT04558918 [44], NCT038961
52, NCT03439839, APPOINT-PNH (NCT048
20530)].

METHODS

Procedures

A modified Delphi method was used to collect
experts’ opinions. The Delphi method is a vali-
dated consensus process, frequently used when
clinical evidence is missing. A virtual advisory
board meeting was held on October 4, 2021,
allowing the experts to identify specific recom-
mendations for switching from C5 to C3 anti-
complement agents in five special patient pop-
ulations: (1) patients with breakthrough
intravascular hemolysis during regular C5
inhibitor treatment, administered for at least
3 months; (2) patients with clinically relevant
C3-mediated extravascular hemolysis on C5
inhibitor treatment for at least 3 months; (3)
patients with an unprovoked thromboembolic
episode (TE) while on C5 inhibitor for at least
3 months; (4) patients with severe fatigue and
impaired QoL despite more than 3 months of
C5 inhibitor treatment; and (5) patients with
rare C5 polymorphisms (mostly of Japanese
ethnicity). In addition, further discussions via
email communications and file exchanges took
place to assess the extent of agreement on the
different recommendation statements and to
achieve consensus. Two independent reviewers
collected and analyzed anonymized statement
responses, and then emailed them to all expert
panel members for second-round review. This
allowed the experts to rerate the recommenda-
tions for or against a consensus. This process
was repeated to help the experts reach a final
consensus. Consensus was reached if at least 9
of the 11 experts ([80%) agreed to the recom-
mendations. As no patient was involved in the
study, no formal ethics approval was necessary.

Expert Panel

The expert consensus panel comprised 11 PNH
senior hematologists from 9 countries across
Central Europe (Bulgaria, Croatia, Czech
Republic, Hungary, Poland, Romania, Russia,
Slovakia, and Slovenia). Panel qualification
included hematology as the primary medical
specialty, practicing as a hematology specialist
between 5 and 30 years and spending more
than half of their time in direct patient care.
Collectively, the experts have amalgamated
many years of real-world clinical experience in
treating patients with PNH in Central Europe.
All 11 members of the Delphi panel are inclu-
ded as authors.

Literature Review and Expert
Recommendations

To support each expert consensus statement
with up-to-date evidence, and in addition to the
early pivotal clinical trial data for eculizumab
[8, 30], EMA product information [12], and
existing PNH-specific treatment guidelines
[13–21], an Embase and PubMed/Medline sys-
tematic literature search was conducted (access
date November 16, 2022) following the PRISMA
method to identify clinical and real-world data
relevant to PNH and EU-licensed anti-comple-
ment therapies. Clinical trials and real-world
studies in patients with PNH treated with ecu-
lizumab, ravulizumab, and/or pegcetacoplan
were searched separately in a parallel one-stage
selection procedure, and using the following
search terms: Search A: {[Paroxysmal Nocturnal
Hemoglobinuria(Title/Abstract) AND [y_6(Fil-
ter)]} AND {[eculizumab(Title/Abstract)] OR
[ravulizumab(Title/Abstract)] OR [pegceta-
coplan(Title/Abstract)] AND [y_6[Filter)]} filters:
in the last 6 years; and Search B: {[Paroxysmal
Nocturnal Hemoglobinuria(Title/Abstract)]
AND [y_6(Filter)]} AND {[real world(Title/
Abstract)] OR [real-life(Title/Abstract)] OR
[Observational(Title/Abstract)] AND [y_6(Fil-
ter)]}. Only full-text articles within the last six
years were included in the analysis. After
removing duplicates, the search resulted in a
total of 318 unique records that underwent
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manual title/abstract review by an independent
reviewer. Of these, 77 articles were reviewed in
full for eligibility, with 50 final articles identi-
fied with relevant data (Supplementary Fig. S1).

RESULTS

Use of Complement Inhibitors in Classic
PNH (Hemolytic Anemia)

For patients who present with classic PNH
symptoms indicative of high disease activity,
regardless of transfusion history, and with an
LDH level C 1.5 ULN, treatment with a C5
inhibitor [standard-of-care (SOC) eculizumab or
ravulizumab] is recommended [8, 16, 20, 30, 32,
33, 45]. In cases of inadequate response, dose
and frequency can be increased according to
product information guidance [12]. Patients
with a significant PNH clone ([50% PNH
granulocytes), intravascular hemolysis (marked
elevation of LDH level C 1.5 ULN), and ade-
quate bone marrow reserves (robust reticulocyte
count) are most likely to benefit from treatment
with C5 inhibitors [8, 16, 20, 30, 32, 33]. C5
inhibitor treatment should be considered even
in the absence of transfusion-dependent anemia
[8, 12, 16, 20, 30, 32, 33]. Allo-HCT is the only
potentially curative treatment but is not rec-
ommended as initial therapy, except in the case
of PNH associated with bone marrow failure
[46–51]. It is not recommended for patients
with PNH and thrombotic complications [52].
Due to the risk of transplant-related morbidity
and mortality, allo-HCT should only be con-
sidered in selected patient groups, such as
patients resistant to thromboprophylaxis and
C5 inhibitor therapy, and patients with PNH/
AA and PNH/MDS with prominent bone mar-
row deficiency [46–51].

No randomized clinical trials have evaluated
the use of eculizumab or ravulizumab in preg-
nancy [8, 30, 32, 33, 53]. However, contradict-
ing outcomes with eculizumab have been
reported in several retrospective/prospective
case series and individual patient cases [54–60].
It is recommended that pregnant patients with
PNH who have not previously been treated with
a C5 inhibitor should be assessed individually

and strongly considered for treatment with
eculizumab to prevent thromboembolic com-
plications [53–61]. C5 inhibitors should be
continued after birth to avoid an increased risk
of thrombotic complications [62].

Use of Complement Inhibitors in PNH
in the Setting of Bone Marrow Failure

For patients with bone marrow failure who
present with a significant PNH clone size and
active hemolysis, treatment with a C5 inhibitor
is recommended (SOC) [63–68]. Rarely, in
patients with AA and a large PNH clonal
expansion treated with immunosuppressive
therapy, PNH manifestations of hemolysis or
thrombosis may worsen, similar to what is
observed in patients with classic PNH [20, 69].
In such cases, patients should be treated as
classic PNH cases [20, 69]. For patients with
bone marrow failure and active hemolysis with
an indication for an allo-HCT, anti-C5 treat-
ment prior to HCT should be recommended to
decrease transplant-related mortality [50, 70].

Use of Complement Inhibitors
in Subclinical PNH

For subclinical patients who are asymptomatic,
anti-complement treatment is not required
[71, 72]. However, close monitoring (6- to
12-month intervals) should be ensured to detect
possible expansion of the PNH clone and
symptoms of hemolysis [20, 73].

Switching from Eculizumab
to Ravulizumab

Patients with PNH may be safely and effectively
switched from the labeled dose of eculizumab
administered every 2 weeks to ravulizumab
administered every 8 weeks at the discretion of
the treating physician on an individual patient
basis [12, 32, 33, 45, 74]; physicians should
verify that meningococcal vaccination is cur-
rent according to national guidelines for vacci-
nation [12]. Recent clinical trials have
demonstrated that ravulizumab is as effective as
eculizumab for treating patients with PNH
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[9, 32, 33, 74, 75]. In eculizumab-responding
patients, switching to ravulizumab maintained
disease control as evidenced by stable hemato-
logic and renal parameters, with no apparent
impact on safety [9, 32, 33, 74, 75]. Some
patients develop regular pharmacokinetic
breakthrough hemolysis during eculizumab
treatment, and switching such patients to
ravulizumab might have a profound effect on
controlling symptoms [32, 33, 75]. Ravulizumab
is administered intravenously every 8 weeks,
which reduces treatment burden on patients
and their families compared with eculizumab
[12, 76, 77].

Other Considerations

Thromboprophylaxis in the context of C5
inhibition should be considered in patients
with PNH and severe COVID-19 symptoms
requiring hospitalization [78–81]. Note that
patients with PNH and a history of thrombosis
or other thrombophilic markers should receive
secondary thromboprophylaxis while on C5
inhibition therapy, regardless of whether or not
they have COVID-19. Preclinical data have
demonstrated a role for complement activation
in severe acute respiratory syndrome coron-
avirus mediated disease [82]. Eculizumab is
currently used off-label to treat COVID-19, but
its efficacy in this setting has yet to be proven
[79]. However, recently published data indicate
that patients with PNH may only present with
mild symptoms of COVID-19 despite or even
because of eculizumab treatment [78–81]. Fur-
ther studies are needed to validate these obser-
vations [78–81].

Expert Panel Recommendations
for Switching from C5 to C3 Inhibition
in Special Patient Populations with PNH
Relevant to Real-World Practice

The Central European expert group recognized
a number of real-world settings representing
clinical conundrums with regard to the man-
agement of patients with PNH falling outside
the inclusion criteria of clinical trials. These
settings, relevant for Central European

countries and most countries worldwide,
require special treatment considerations and
guidance. Indeed, with the recent approval of
the proximal complement inhibitor, pegceta-
coplan, many questions about treating patients
in the real world are emerging. Thus, the experts
selected five distinct patient populations most
relevant for switching from a C5 to a C3 inhi-
bitor. The recommendations for the five special
patient groups and the consensus percentage
are summarized in Table 3.

DISCUSSION

The recent EMA approval of the C5 inhibitor
ravulizumab in 2019 and the C3 inhibitor
pegcetacoplan in 2021 has led to significant
knowledge gaps regarding best treatment prac-
tices for patients with PNH in Central Europe
and worldwide. There is increasing evidence
supporting the use of terminal and proximal
complement inhibition in PNH, but when and
in which particular patient groups to use anti-
C5 or -C3 agents remains unclear. To address
this need, we present the results of an interna-
tional Delphi effort involving 11 PNH experts
from 9 Central European countries. Consensus
recommendations regarding when to switch
from a C5 inhibitor to a C3 inhibitor were
developed for special patient populations, i.e.,
difficult-to-treat patients typically seen in real-
world clinical practice but who did not meet the
inclusion criteria for enrollment in the pivotal
trials. As expected for an ultra-rare disease, this
is an area with limited results on treatment
response and QoL.

A recent real-life U.S. cross-sectional study
surveyed patients with PNH (34% AA, 4% MDS,
and 2% other bone marrow disorders) treated
with C5 inhibitors, eculizumab (n = 35) or
ravulizumab (n = 83) for at least 3 months,
concluding that there remains a need for
improved PNH therapies [83]. After 3 months of
C5-inhibitor treatment, approximately 85% of
patients remained anemic with hemoglobin
levels 12 g/dL or less [83]. TEs were still reported
for about 10–20% of patients with PNH receiv-
ing C5-inhibitor for at least 12 months, of
whom between 20 and 50% had required
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Table 3 Consensus recommendations for switching from C5 to C3 anti-complement agents in special patient populations

Special patient populations
with PNH

Proportion of patients with PNH
(%)

Expert recommendation(s) Consensus
(n5 11)
n (%)

1. Patients with BT IVH

during regular C5 inhibitor

treatment for C 3 months

Occurs in 11.0–27.0% patients with

PNH on C5 inhibitor [9]

• Consider a clinical trial if available

• For recurrent PK BTHa (typically

10.0–15.0% of patients) [87],

consider a clinical trial; alternatively,

increase the dose of ECU to

1200 mg or decrease dosing interval

to 10 daysc [88]

• Alternatively switch to RAVc

• Alternatively switch to PGCc, d

[12, 37, 83, 87, 89]

• For sporadic PD BTHb, do not

switch therapy [87]. Treat the

triggering condition

11 (100)

2. Patients with clinically

relevant C3-mediated EVH

on C5 inhibitor treatment

for C 3 months

100.0% of patients treated with

ECU show some degree of EVH

[11]

• Consider a clinical trial if available

• Alternatively, switch to PGCd

[12, 87, 90]

11 (100)

3. Patients with unprovoked

TE while on C5 inhibitor

for C 3 months (a rare

event)

The rate of both venous and arterial

TE during ECU treatment is 1.1

events per 100 PY [31]

• Consider a clinical trial if available

• Consider secondary thrombo-PPX

with anticoagulants unless

contraindicated [91]

• Alternatively, switch to PGCd and

treat with anticoagulants; strongly

consider switching if the TE event

occurs on thrombo-PPX. Note: all

patients should be examined for

additional thrombophilic markers

11 (100)

4. Patients with severe fatigue

and impaired QoL

despite C 3 months of C5

inhibitor treatmente

Mean change in FACIT-F score

from BSL to Week 16 was 10.3

vs. -1.2 in the PGC and ECU

treatment groups, respectively

[84]

• Consider a clinical trial if available

• Review markers of hemolysis and

switch to PGCd [84, 89, 92–94].

Note: all patients should be

evaluated in relation to Hb level

9 (72)
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transfusions within the past year [83]. The high
number of transfusions, anemia, and TEs sug-
gests persisting disease activity, which the
authors suggest may be due to underlying
extravascular hemolysis in patients with PNH
treated with C5 inhibitors [83]. Moreover, most
patients (approximately 80%) reported fatigue
symptoms [83]. Patients reported scores below
the average population norms on the FACIT-F
and EORTC QLQ-C30 scales [83]. Notably, the
reported TEs on C5 inhibitors were patient-re-
ported symptoms and, unlike fatigue, which is
subjective, should be proven by imaging [83]. A
post hoc analysis of the Phase 3 PEGASUS trial
showed that patients on pegcetacoplan, and

those who switched to pegcetacoplan after
16 weeks on eculizumab, experienced clinically
meaningful improvements in FACIT-Fatigue,
including improved hemoglobin levels and
reduced fatigue levels [84]. Similarly, QoL
analysis of complement-naı̈ve patients in the
PRINCE study exhibited meaningful QoL
improvements through 26 weeks of pegceta-
coplan treatment [40]. Our recommendation to
consider switching to pegcetacoplan in patients
with PNH and severe fatigue and impaired QoL
despite at least 3 months of C5 inhibitor treat-
ment was the only recommendation that did
not achieve 100% consensus from the experts.
Possible reasons for a difference in opinion

Table 3 continued

Special patient populations with PNH Proportion of patients with PNH (%) Expert
recommendation(s)

Consensus
(n5 11)
n (%)

5. Patients with PNH and rare C5

polymorphisms (mostly of Japanese

ethnicity) non-responsive to C5

inhibition

A rare C5 polymorphism (R885H) is

found in 3.0% of the Japanese

population which prevents C5

inhibitors from binding to C5 [95–97]

• Consider a clinical

trial if available

• Switch to PGCd

[84, 89, 92, 98, 99]

11 (100)

Considering[10 years of experience with ECU and at least 2 years with RAV, it is difficult to make a recommendation
about switching from PGC where there is less clinical experience, to a C5 inhibitor; however, intolerance and inefficiency
are important considerations for switching
AA aplastic anemia, AML acute myeloid leukemia, ANLL acute non-lymphoblastic leukemia, BMD bone marrow disorder,
BMF bone marrow failure, BSL baseline, BT breakthrough, BTH breakthrough hemolysis, C3 complement component 3,
C5 complement component C5, ECU eculizumab, EVH extravascular hemolysis, FACIT-F functional assessment of
chronic illness therapy—fatigue, IVH intravascular hemolysis,MDS myelodysplastic syndrome, PD pharmacodynamic, PGC
pegcetacoplan, PK pharmacokinetic, PNH paroxysmal nocturnal hemoglobinuria, PPX prophylaxis, PY patient-years, QoL
quality of life, RAV ravulizumab, SQ subcutaneous, TE thromboembolic episode
aPK BTH: regularly occurring[7 to 10 days from previous dose due to insufficient drug dosing
bPD BTH: sporadically occurring anytime due to complement amplifying conditions, e.g., pregnancy, infection and major
surgery
cIt is difficult to provide general recommendations about the order and duration of these treatment options because
different countries have different regulations that favor one agent over another. In general, we consider all three choices
equally acceptable. The duration of treatment will also depend on the patient’s response. For a new dosing schedule, we
consider five doses of ECU, three doses of RAV, and 3 weeks of PGC to be a fair trial duration; if the patient has an
inadequate response, we recommend switching to another option
dFor patients switching to PGC from a C5 inhibitor, for the first 4 weeks, PGC is administered as twice-weekly SQ doses of
1080 mg in addition to the patient’s current dose of C5 inhibitor treatment to minimize the risk of hemolysis with abrupt
treatment discontinuation [12]. After 4 weeks, the patient should discontinue the C5 inhibitor before continuing on
monotherapy with PGC [12]
eNote that this is a difficult criterion since fatigue is subjective. While using formalized tools to assess fatigue is encouraged,
these are not always practical in a busy clinic
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among experts may be due to limited clinical
data in this specific population, lack of objective
criteria for fatigue assessment, lack of availabil-
ity of C3 inhibition in certain countries and lack
of personal experience switching between
agents. Notably, objective evaluation of patient
status and the indication of C3 inhibitors can-
not be made on a QoL scoring system only;
however, persisting anemia, related to hemoly-
sis or due to developing bone marrow failure,
may be used as an objective criterion.

The experts acknowledge that healthcare
infrastructure is a key factor in supporting the
implementation of their recommendations to
improve standards of care and well-being for
patients with PNH. The organization of health-
care systems can vary between countries, and
reconfiguration of services may be needed to
improve healthcare efficiency, e.g., flexible
models of care to accommodate home infusions.
As highlighted in a recent report by the Euro-
pean Commission, the COVID-19 pandemic has
also identified the pressing need to manage
public health issues and health systems better in
Europe and elsewhere [85]. Moreover, due to the
high cost of therapy, adequate organization of
healthcare infrastructure is critical to optimize
the utilization of available resources.

Electronic communications were used to
anonymously collect and disseminate informa-
tion to the experts using a Delphi-like process
[86]. The Delphi method is a broadly accepted
strategy for developing consensus recommen-
dations based on objective expert opinion. This
method is intended to provide guidance in areas
where limited evidence-based literature is
available [86]. A key strength of the Delphi
method is its use of a systematic, anonymous
process that promotes the free sharing of opin-
ions and ideas, weighs all experts’ opinions
equally, and helps prevent bias by leveling the
opinions of influential individuals [86]. Another
strength of our study is differing levels of indi-
vidual experts’ experience with anti-comple-
ment inhibitors may help reflect practice in the
real world, allowing a full range of practice
opinions to be captured. However, there are
several important limitations to our treatment
recommendations. First, some recommendations

were reached by consensus and are not sup-
ported by prospective, randomized data. Because
of the rarity of the disease, there are few clinical
studies available to support switching from C5
inhibition to C3 inhibition in specific patient
populations with PNH. Although we conducted
an in-depth literature search, it should be noted
that case reports, retrospective/prospective case
series, and real-world observational studies with
short follow-up durations, which are subject to
publication bias, make up a large portion of the
evidence base. No formal assessment of bias or
quality control of the studies included in this
review was conducted. Furthermore, only one or
two experts were invited to participate from each
of the nine countries, and their opinions may
not reflect the broader view of PNH treaters
within each country.

CONCLUSIONS

Informed by the best available evidence and
real-world experience, 11 experts from 9 Central
European countries developed consensus rec-
ommendations on the use of anti-complement
agents in specific patient populations with
PNH. These recommendations will help towards
improving outcomes for patients with the dis-
ease across Central Europe and hopefully/likely
worldwide. In addition, by better understand-
ing the unmet needs in Central European
healthcare systems, necessary changes can be
implemented so that patients with PNH can be
offered appropriate anti-complement treatment
independent of clinical trial settings. Such
changes to the healthcare systems would bene-
fit not only patients with PNH but also a
potentially very large number of patients with
chronic disorders.
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