
C5 inhibition as disease modifying treatment, present and future
Jens Panse

University Hospital RWTH Aachen



Company name Research support
(to institution) Employee Consultant Stockholder Speakers bureau Advisory board Other

Alexion/Astra Zeneca x x x

Amgen x

Apellis x x x

Novartis x x x

Omeros x x x

Pfizer x x x

Roche x x x x

Sobi x x x

Disclosures of Jens Panse



PNH – survival w/o - with terminal (C5) CI
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Median survival in PNH patients (N=80) referred to a London 
hospital between 1940 and 1970 was ~10 years

Historical survival in PNH patients from time 
of diagnosis (1940-1970)1

19-year cumulative relative survival of PNH patients treated 
with eculizumab or ravulizumab in the UK was 0.77 (N=509; 

including patients treated for various BMF syndromes)
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PNH – with terminal (C5) CI (Austria, N = 59)

Füreder W, et al; Prognostic factors and follow-up parameters in patients with paroxysmal nocturnal hemoglobinuria (PNH): experience of the Austrian PNH network. Ann Hematol. 2020 Oct;99(10):2303-2313. 



adapted from Belcher JD et al. Transl Res. 2022;249:1–12

PNH – terminal complement (C5) inhibition
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C5I – disease modification
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BACKGROUND
Eculizumab, a humanized monoclonal antibody against complement protein C5 
that inhibits terminal complement activation, has been shown to prevent compli-
cations of paroxysmal nocturnal hemoglobinuria (PNH) and improve quality of life 
and overall survival, but data on the use of eculizumab in women during preg-
nancy are scarce.

METHODS
We designed a questionnaire to solicit data on pregnancies in women with PNH 
and sent it to the members of the International PNH Interest Group and to the 
physicians participating in the International PNH Registry. We assessed the safety 
and efficacy of eculizumab in pregnant patients with PNH by examining the birth 
and developmental records of the children born and adverse events in the mothers.

RESULTS
Of the 94 questionnaires that were sent out, 75 were returned, representing a re-
sponse rate of 80%. Data on 75 pregnancies in 61 women with PNH were evalu-
ated. There were no maternal deaths and three fetal deaths (4%). Six miscarriages 
(8%) occurred during the first trimester. Requirements for transfusion of red cells 
increased during pregnancy, from a mean of 0.14 units per month in the 6 months 
before pregnancy to 0.92 units per month during pregnancy. Platelet transfusions 
were given in 16 pregnancies. In 54% of pregnancies that progressed past the first 
trimester, the dose or the frequency of use of eculizumab had to be increased. 
Low-molecular-weight heparin was used in 88% of the pregnancies. Ten hemor-
rhagic events and 2 thrombotic events were documented; both thrombotic events 
occurred during the postpartum period. A total of 22 births (29%) were prema-
ture. Twenty cord-blood samples were examined for the presence of eculizumab; 
the drug was detected in 7 of the samples. A total of 25 babies were breast-fed, 
and in 10 of these cases, breast milk was examined for the presence of eculi-
zumab; the drug was not detected in any of the 10 breast-milk samples.

CONCLUSIONS
Eculizumab provided benefit for women with PNH during pregnancy, as evidenced 
by a high rate of fetal survival and a low rate of maternal complications. (Clinical-
Trials.gov number, NCT01374360.)
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before C5I
§ maternal mortality 8% - 20.8% (TE 

primary cause of death; majority 
postpartum)

§ fetal mortality 4% - 9%

with C5I
§ no maternal deaths 
§ no TE during pregnancy
§ postpartum TE in 2/75 pregnancies (3%)
§ fetal mortality simimilar to previous 

reports
§ BTH -> more frequent use / higher doses 

of eculizumab / both in 36 of 67 
pregnancies (54%)



C5I – pregnancy with C5I
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C5I – drug modification (2 x 4 = 8)
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C5I – drug modification – PK optimization

Reprinted by permission from the Copyright Clearance Center: Springer Nature. Nature 
Biology Rother R, et al. 2007;25:1256-1264. © 2007 Springer Nature.

§ Inhibition of serum free C5 (terminal complement)
§ by the end of the first Ravulizumab infusion and sustained throughout the entire 26-week treatment period

Ravulizumab

C
om

pl
em

en
t C

5,
 F

re
e 

(u
g/

m
L)

Eculizumab

Visit (Days)
C

om
pl

em
en

t C
5,

 F
re

e 
(u

g/
m

L)

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

BL/Day 1 8 15 22 29 43 57 71 85 99 113 127 141 155 169 183

Visit (Days)

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

BL/Day 1 8 15 2229 43 57 71 85 99 113 127 141 155 169 183
(Week 26) (Week 26)

aBL is defined as  the last nonmissing assessment value prior to first dose of study drug. bPlot shows serum free C5 concentrations at predose and end-of-infusion for days 1, 15, 71, 
and 127, and any time for the ravulizumab group and predose for the eculizumab group for all other visits, except day 183 data were from the end of the randomized treatment 

period for both treatment groups.
Lee JW, et al. Blood. 2019;133(6):530-539.
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C5I – drug modification – PK optimization
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Ravulizumab – pediatric patients (9 -17 years old)
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C5I – Ravulizumab - survival
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Overall survival of patients with PNH who received ravulizumab for up to 4 years



C5I – assessment of efficacy
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C5I – assessment of efficacy (N= 127) 

CORRESPONDENCE

Categorizing hematological response to eculizumab in
paroxysmal nocturnal hemoglobinuria: a multicenter real-life
study
© The Author(s), under exclusive licence to Springer Nature Limited 2021

Bone Marrow Transplantation (2021) 56:2600–2602; https://doi.org/
10.1038/s41409-021-01372-0

TO THE EDITOR:
Paroxysmal nocturnal hemoglobinuria (PNH) is a rare hematolo-
gical disorder characterized by complement-mediated intravas-
cular hemolysis, bone marrow failure, and thrombophilia [1, 2].
Eculizumab (Ecu) targets complement component 5 (C5), controls
intravascular hemolysis, and prevents thrombotic complications,
accounting for significant improvement in survival and quality of
life [3, 4]. Despite the remarkable improvement in survival,
hematological benefits during Ecu treatment remain heteroge-
neous. A substantial proportion of patients either remain anemic
or require transfusion support, negatively impacting event-free
survival and quality of life [5, 6]. Persistent anemia during Ecu is
multifactorial and is not only restricted to C3d mediated
extravascular hemolysis (EVH). In the era of novel anti-
complement therapies, especially proximal complement pathway
inhibitors, we investigated the quality of hematological response
to Ecu in PNH patients.
We recently proposed a classification of hematological response

to anti-complement therapies based on hemoglobin, red blood
cell transfusion (RBC), and markers of hemolysis (LDH) and
absolute reticulocyte count (ARC) [7]. This classification aimed to
identify the mechanisms behind the different hematological
responses, which might help identify the potential benefits of
novel complement inhibitors. Six distinct biological categories
were determined using hemoglobin, LDH, and ARC during Ecu
treatment (Supplementary Table I).
Here, we have retrospectively applied this classification to

assess hematological response in a large cohort of PNH patients
treated with Ecu evaluated in six international PNH reference
centers (Paris, Naples/Avellino, London, Florence, São Paulo, and
Ribeirão Preto). This study has been conducted in compliance with
the Declaration of Helsinki. Patients who received novel anti-
complement therapy on clinical trials (n= 35) or hematopoietic
stem cell transplantation (HSCT, n= 2) were censored at the
treatment switch. Breakthrough hemolysis (BTH) was recorded as
previously described [7]. Categorical variables were compared
using the χ2 test or Fisher’s exact test, as appropriate. Continuous
variables were compared using the Student test or Mann-Whitney
test, as appropriate. Kruskal–Wallis test was used for multiple
comparisons of data. All statistical tests were two-tailed with a
significance level of 0.05. All statistical tests were performed using
R v3.6.0.

Our cohort of 160 (56%, n= 90 females) patients with a median
age of 39 years (range, 12–90) at Ecu initiation were analyzed. All
patients received Ecu for hemolytic PNH, including 15 (9%) with
prior thrombosis. Fifty-five percent of patients had classic-PNH,
whereas 37 and 8% had aplastic anemia (AA)/PNH or intermediate
PNH, respectively [8]. Before starting Ecu, 107 patients (67%)
received RBC transfusions. The median Ecu treatment duration
was 5.8 years (range, 0.5–14.5), including ten patients without
18 months of follow-up. At the last follow-up, 134 patients (83%)
received Ecu at 900mg every 2 weeks. Due to chronic residual
intravascular hemolysis (persistence during 6 months of LDH > 1.5
ULN), 17% were treated with higher doses at 1200mg (n= 24;
16%) or shorter administration intervals (10–11 days; n= 1; 1%).
For longitudinal evaluation, the hematologic response was

evaluated at 6, 12, and the last six months of Ecu treatment for the
patients with enough follow-up and complete record (n= 127,
79%) (Fig. 1A). Only 21.3% of the patients fulfilled the complete or
major response criteria. In contrast, two-thirds were segregated
into one of the two intermediate categories. Eleven percent of
patients were classified either as minor or non-responders. This
segregation into different response categories was consistent
across the three evaluation periods and also with the addition of
patients with missing values for a complete evaluation
Based on our data (proportion of patients across different

groups remaining unchanged across time-periods and the low
number of patients in the extreme categories), we propose an
evidence-based simplification and amalgamation of groups from
our previous classification. According to this 4-category simplified
version, we observed different evolution (Fig. 1B & C and
Supplementary Table II):

Group A, Complete response (complete, major response):
patients with transfusion independence and no anemia; 21.3%
Group B, Good response: patients with transfusion indepen-
dence with mild anemia (10–12 g/dL); 40.2%
Group C, Partial response: patients with persistent anemia
(8–10 g/dL) with occasional transfusions (≤ 2 RBC in
6 months); 26.8%
Group D, Minor response (minor, no response): persistent anemia
maintaining red blood cell transfusions requirements; 11.8%.

In Supplementary Table II, this simplified classification could
segregate PNH patients based on meaningful clinical-biology
events (BTH, EVH) and be confirmed with the global dataset.
To our knowledge, this is the first attempt to classify

hematologic response to Ecu based on hemoglobin levels,
residual hemolysis, and transfusion requirement. These results
suggest that the stable category of response to Ecu therapy at the
last evaluation can be determined during the first year of initiation
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therapy in 61% of PNH patients. Seventeen percent of patients
showed response improvement at the last evaluation, especially in
C and D groups. Only 22% of the patients had a response
decreased between the initial 12 months and the last evaluation.
ARC > 150 G/L or/and LDH > 1.5 ULN helped segregate PNH
patients with breakthrough hemolysis, especially in the inter-
mediate categories (24% versus 0%, p < 0.01).
Only 14.1% (n= 18) of patients receiving Ecu treatment

achieved hemoglobin, ARC, and LDH normalization. The absence
of a hematologic response does not mean a lack of clinical benefit,
e.g., reducing thrombo-embolism [7], as 80% of the global cohort
had optimal complement inhibition with LDH < 1.5 × ULN at the
last evaluation. One objective of this analysis was to look at
hematological parameters, especially anemia. The different factors
contributing to residual anemia during Ecu treatment in our global
cohort include underlying bone marrow dysfunction (2%), residual
chronic intravascular hemolysis (13%), acute breakthrough hemo-
lysis (17%) and the emergence of C3-mediated EVH (48%) [9]. It is
critical to understand the mechanisms of sub-optimal hematolo-
gical benefits and help individualize therapeutic decisions (e.g.,
modified treatment schedules, addition/switch to different

complement inhibitors, immunosuppressive drugs or HSCT),
especially in patients with partial and minor response [7].
Our data demonstrated the use of hematological parameters to

dissect Ecu response in a large cohort of PNH patients and better
discern therapeutic effectiveness. Application of the original
hematological response classification to real-life data highlights
some limitations (six categories and the low number of patients in
the extreme classification), which is overcome by amalgamation
and simplification into four rather than six categories, despite 66%
of the patients belonging to the two intermediate groups. Also,
some data (C3 deposition in RBC, transfusion history) were not
always easy to retrieve in retrospective design, e.g., initiation of
Ecu more than ten years ago.
Except for patients achieving normal hemoglobin, all others

would be good candidates for studying optimal strategies, aiming
to increase hemoglobin and quality of life through sustained
control of ongoing intravascular hemolysis by optimizing C5
inhibitors and avoidance of EVH by novel drugs targeting proximal
complement pathway [7]. Also, rare patients with persistent LDH
> 1.5 ULN and/or frequent breakthrough hemolysis also had
unmet clinical needs. This classification represents a valuable tool
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therapy in 61% of PNH patients. Seventeen percent of patients
showed response improvement at the last evaluation, especially in
C and D groups. Only 22% of the patients had a response
decreased between the initial 12 months and the last evaluation.
ARC > 150 G/L or/and LDH > 1.5 ULN helped segregate PNH
patients with breakthrough hemolysis, especially in the inter-
mediate categories (24% versus 0%, p < 0.01).
Only 14.1% (n= 18) of patients receiving Ecu treatment

achieved hemoglobin, ARC, and LDH normalization. The absence
of a hematologic response does not mean a lack of clinical benefit,
e.g., reducing thrombo-embolism [7], as 80% of the global cohort
had optimal complement inhibition with LDH < 1.5 × ULN at the
last evaluation. One objective of this analysis was to look at
hematological parameters, especially anemia. The different factors
contributing to residual anemia during Ecu treatment in our global
cohort include underlying bone marrow dysfunction (2%), residual
chronic intravascular hemolysis (13%), acute breakthrough hemo-
lysis (17%) and the emergence of C3-mediated EVH (48%) [9]. It is
critical to understand the mechanisms of sub-optimal hematolo-
gical benefits and help individualize therapeutic decisions (e.g.,
modified treatment schedules, addition/switch to different

complement inhibitors, immunosuppressive drugs or HSCT),
especially in patients with partial and minor response [7].
Our data demonstrated the use of hematological parameters to

dissect Ecu response in a large cohort of PNH patients and better
discern therapeutic effectiveness. Application of the original
hematological response classification to real-life data highlights
some limitations (six categories and the low number of patients in
the extreme classification), which is overcome by amalgamation
and simplification into four rather than six categories, despite 66%
of the patients belonging to the two intermediate groups. Also,
some data (C3 deposition in RBC, transfusion history) were not
always easy to retrieve in retrospective design, e.g., initiation of
Ecu more than ten years ago.
Except for patients achieving normal hemoglobin, all others

would be good candidates for studying optimal strategies, aiming
to increase hemoglobin and quality of life through sustained
control of ongoing intravascular hemolysis by optimizing C5
inhibitors and avoidance of EVH by novel drugs targeting proximal
complement pathway [7]. Also, rare patients with persistent LDH
> 1.5 ULN and/or frequent breakthrough hemolysis also had
unmet clinical needs. This classification represents a valuable tool
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C5I – assessment of efficacy (N =94) 
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C5I – consequences – mitigation strategies
Rate of Nm infections and associated mortality per 100 PY among eculizumab-treated pts in 
the real-world setting:

Fam S et al. Presented at the 9th Congress of the European Academy of Neurology (EAN) 2023, 1–4 July 2023, Budapest, Hungary.



C5I – disease modification
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TERMINAL INHIBITION
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adapted from Belcher JD et al. Transl Res. 2022;249:1–12; Mastellos DC, Hajishengallis G, Lambris JD. Nat Rev Immunol. 2024 Feb;24(2):118-141

§ Hbñ, LDHò
§ TE ò
§ Pulm. HTN ò
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C5I – EVH

Seite 19

ARC, absolute reticulocyte count; C5i, complement component 5 inhibitor; DSP, Disease Specific Program™; EVH, 
extravascular hemolysis; Hgb, hemoglobin; IVH, intravascular hemolysis; PNH, paroxysmal nocturnal hemoglobinuria; RWE, 
real-world evidence.

1. Kulasekararaj AG, et al. HemaSphere. 2023;7(S3):1427-1428. 2. Shammo J, et al. J Blood Med. 2022;13:425-437. 3. Kulasekararaj AG, et al. Blood. 2020;136(suppl 1):6-7. 

Ravulizumab 302 clinical study Real-world evidence: PNH DSP (Adelphi)
Eculizumab (n = 94) Ravulizumab (n = 94) Eculizumab (n = 202) Ravulizumab (n = 129)

20 (21.3%) 19 (20.2%) 15 (7.4%) 10 (7.8%)
Definition of csEVH used in ravulizumab 302 clinical study:
• Eculizumab or ravulizumab treatment for up to 6 months
• Symptomatic anemia (Hgb ≤ 9.5 g/dL) with ARC ≥ 120 × 109/L
• With or without blood transfusion 

Definition of csEVH used in Adelphi RWE:
• Eculizumab or ravulizumab treatment for ≥3 months
• Hgb ≤ 9.5 g/dL and moderate/severe symptomatic fatigue
• With or without blood transfusion in the last 12 months

There is no consensus definition for clinically significant EVH



C5I – BTH beyond PK/PD

Rissitano AM et al., Front Immunol 2019
June 2019 | Volume 10 | Article 1157

Bouwman HB, Guchelaar HJ. Drug Discov
Today. 2024 Sep;29(9):104134

BTH
loss or reduction of 

complement inhibition
PD-BTH
complement amplifying condition

PK-BTH
C5I plasma level too low

Risitano et al. Next-Generation Anti-complement Treatment for PNH

TABLE 2 | Reasons for inadequate hematological response to eculizumab and possible actions.

Reason Cause Prevalence Mechanism Clinical impact on

hematological response

Corrective action

Intravascular

hemolysis

Inherited C5 variants Ultra-rare (<1%,

usually in Japanese

patients)

Intrinsic resistance due to

impaired binding of

eculizumab (and of

ALXN1210)

Minimal (but very significant for

the few patients for whom there

is no available treatment)

Switch to other investigational agents

(mostly alternative C5 inhibitors)

Recurrent

pharmacokinetic

breakthrough

10–15% of patients Inadequate plasma level of

eculizumab

Significant Decrease interval of dosing (10–12

days) or increase dose of eculizumab

(1,200mg), or consider novel

investigational agents

Sporadic

pharmacodynamics

breakthrough

May occur in any

patients

Massive complement

activation due to concomitant

clinical events

Minimal None (treat the underlying cause)

Extravascular

hemolysis

C3-mediated

extravascular

hemolysis

25–50% of patients

(even more

considering

subclinical events)

Persistent uncontrolled

activation of proximal

complement, leading to

C3-fragment opsonization of

PNH red blood cells and

subsequent removal by

professional hepato-splenic

phagocytes

Very significant Consider employing investigational

proximal inhibitors of the complement

Bone marrow

disorders

Bone marrow failure 10–35% (depending

also on initial patient

selection)

Inadequate production of red

blood cells

Significant Treat underlying aplastic anemia with

either immunosuppression or bone

marrow transplantation

Clonal evolution to

myeloid

malignancies

1–5% Additional stochastic somatic

mutations

Relevant Treat the myeloid malignancy

Thromboembolisms in PNH During
Eculizumab Treatment
The clinical benefit of eculizumab in PNH goes beyond the
inhibition of intravascular hemolysis and possible hemoglobin
stabilization; indeed, another consequence of therapeutic
complement blockade is the prevention of thromboembolism.
In the registration trials, the rate of thromboembolism during
eculizumab treatment was reduced by 85% as compared with
the pretreatment rate in the same patients (from 7.37 to 1.07
events/100 patient-years) (22). This effect was demonstrated
even in patients already on anti-thrombotic treatment (mostly
patients with previous thromboembolic events, thus the
population at the highest risk of new thromboembolisms),
with rate of thromboembolism reduced from 10.61 to 0.62
events/100 patient-years with eculizumab treatment (22).
Nevertheless, albeit rarely, thromboembolic events may
appear even during eculizumab treatment (23, 24); in analogy
with intravascular hemolysis, these events may be defined
as “breakthrough thromboembolisms.” It is not entirely clear
how eculizumab mechanistically prevents thromboembolism
in PNH (e.g., direct inhibition of complement-mediated
activation on PNH platelets, or indirect effect due to reduced
intravascular hemolysis). Thus, the possible relationship of
breakthrough thromboembolisms with suboptimal complement
blockade and/or residual intravascular hemolysis, as well
as the contribution of non-PNH related factors, need to be
assessed individually in each patient, and further mechanistic
investigations would be welcome, including assessment of
possible biomarkers of such a risk.

Bone Marrow Function in PNH
As stated earlier, PNH is not simply a hemolytic anemia; indeed,
a bone marrow disorder is always assumed to allow for the
expansion of PIGA mutated HSCs (14, 15), which may appear
as immune-mediated aplastic anemia (AA) (16). About 40%
of PNH patients develop meaningful AA during their disease
course (27); but even in milder forms, immune-mediated bone
marrow failure may contribute to cytopenias, including anemia.
The treatment of AA in the context of PNH is out of the scope
of this review and it will not be discussed in detail; however,
two important points are worth highlighting. First, the presence
of a PNH clone in the context of severe AA (SAA) does not
change the management of SAA: patients younger than 40 years
with a matched related donor should proceed to bone marrow
transplantation (BMT) (32), whereas immunosuppression (horse
anti-thymocyte globulin and cyclosporine) is the preferred first-
line treatment for patients older than 40 years, or lacking
a matched related donor (33, 34). The addition of the
thrombopoietin-mimetic agent eltrombopag in combination
with standard immunosuppression seems very promising and
has been approved in the U.S. as first-line (35). Currently
underway is a phase III randomized study conducted by the
Severe Aplastic Anemia Working Party of the EBMT comparing
horse anti-thymocyte globulin and cyclosporine ± eltrombopag
(36). Second, more severe forms of AA in most cases represent a
contraindication to anti-complement treatment, which does not
reverse the marrow failure component and should be reserved
for patients with more adequate bone marrow function (i.e.,
no severe neutropenia or thrombocytopenia, and compensatory
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adapted from Belcher JD et al. Transl Res. 2022;249:1–12

PNH – terminal complement (C5) inhibition

TERMINAL INHIBITION

IVH

C3

Alternative pathway

Mature CFDCFB Pro-CFDC3b

MASP-3

C3 convertase

Bb

C3b

C5

C5 convertases

MAC

C3 convertase

Classical pathway Lectin pathway

Opsonisierung Phagozytose
(EVH)

Eculizumab Ravulizumab

Crovalimab



C5I – Crovalimab

Dhillon S. Crovalimab: First Approval. Drugs. 2024 Jun;84(6):707-716

Approved in the USA for PNH (Jun) + EU (Aug)



Fukuzawa T et al. Scientific Reports. 2017; 7: https://doi.org/10.1038/s41598-017-01087-7; Nishimura et al. NEJM. 2014; 13;370(7):632-9

§ Crovalimab binds to normal C5 as well as the R885H version 
(mutation within C5 a-chain) by binding to ß-chain 

C5I – Crovalimab



C5I – Crovalimab (COMPOSER efficacy)

§ Complement blocking
§ LDH decrease
§ Hb increase
§ Reticulocyte decrease

Röth A, et al. Blood 2020;135:912–920.



C5I – Crovalimab

§ 18% (33/185) of Ecu switch patients had
transient immune complex reactions (formerly
drug-target-drug complexes [DTDCs])

§ four patients in the phase 1/2 COMPOSER 
study with C5 codon 885 polymorphism

Röth A et al Blood. 2023;142(Suppl 1):575; Dhillon S; Drugs (2024) 84:707–716; Nishimura JI et al; Br J Haematol. 2022;198(3):e46–50



Licensed C5I
Target Dosing BTH rates Terminal        

1/2-life
Disease 

modification
Fatigue 
Score

Eculizumab         
(+ biosimilars) C5 a-chain iv 5 x weekly, 

then 2-weekly 
fixed dose

(PK adjustments)
10.7% -
14.5%

271.7 ± 81.6 
hours (11.3 days) Hb ñ

LDH ò
TE ò
Transfusionò
ARC ò
Fatigueñ
QoLñ

+ 5.2

Ravulizumab

C5 a-chain iv 2 x 2-weekly 
then 8 weekly

weight based
≥ 40 < 60 kg

≥ 60 < 100 kg
≥ 100 kg

4% -6.2% 47.9 (8.9) days + 8.2

Crovalimab C5 ß -
chain

iv loading,               
4 x weekly sc,      
4-weekly sc

weight based
(³40 kg < 100 kg; 

³ 100 kg)
10.4% 58.7 days +7.8

Wijnsma, K.L., et al. Pharmacology, Pharmacokinetics and Pharmacodynamics of Eculizumab, and Possibilities for an Individualized Approach to Eculizumab. Clin Pharmacokinet 58, 859–874 (2019)
Dhillon S; Crovalimab: First Approval, Drugs (2024) 84:707–716

Peffault de Latour R, et al; Pharmacokinetic and pharmacodynamic effects of ravulizumab and eculizumab on complement component 5 in adults with paroxysmal nocturnal haemoglobinuria: results of two phase 3 
randomised, multicentre studies. Br J Haematol. 2020 Nov;191(3):476-485



www.thelancet.com   Vol 392   September 1, 2018 791

Viewpoint

Outrageous prices of orphan drugs: a call for collaboration
Lucio Luzzatto*, Hanna I Hyry*, Arrigo Schieppati, Enrico Costa, Steven Simoens, Franz Schaefer, Jonathan C P Roos, Giampaolo Merlini, 
Helena Kääriäinen, Silvio Garattini, Carla E Hollak, Giuseppe Remuzzi, on behalf of the Second Workshop on Orphan Drugs participants

Few instances of a single act of legislation have shifted 
industrial policy in the pharmaceutical industry like the 
Orphan Drugs Act did when it was signed in the USA in 
1983. The Act was written to facilitate the development of 
drugs for rare diseases and health conditions,1 and the 
incentives provided by the Act, such as 7 year exclusivity, 
tax credits of up to 50% of research and development 
costs, and access to research and development grants, 
resulted in the US Food and Drug Administration2 (FDA) 
approving 575 drugs and biological products for rare 
diseases between 1983 and 2017—a real success. In 2000, 
the European Commission passed similar legislation for 
orphan medicinal products (OMPs). As a matter of fact, 
the diseases, not the drugs, are the orphans because all 
drugs are very expensive,3 having marrying this success 
story (table).

Although we are dealing with rare diseases, the 
increasing number of new OMPs introduced each year 
is beginning to threaten the sustainability of health-
care systems.5,6 The socioeconomic, ethical, and legal 
implications of this state of affairs have been analysed 
ex tensively.7 We have previously discussed these im-
plications,8 and here we concentrate on possible correct-
ive actions. Although the focus here is on OMPs, our 
recommendations are applicable to other drugs.

The landscape
More than 7000 rare diseases exist, according to official 
counts.9,10 However, the number depends on definitions. 
Cancer, although one of the most common causes of 
death as a whole, is a good example. Many types of cancer 
already qualify as rare diseases (eg, osteosarcoma) or even 
ultra-rare diseases (eg, uveal melanoma).11,12 By molecular 
analysis, vast heterogeneity has been detected in all 
common cancers; many subtypes (eg, adenocarcinoma of 
the lung with an ALK rearrangement13) are therefore rare 

diseases. So-called orphanisation of common disorders, 
which is a direct result of the genomics era, enhances the 
scope for precision medicine and is expected to expand 
the scope further. At present, 40% of drugs with OMP 
status are approved for specific types of cancer.14

Free market competition is distorted in the case of 
OMPs. First, often only one drug is available, giving 
rise to a monopoly situation. Second, in some cases, 
several OMPs are available for the same disease; for 
example, three drugs are licensed for treatment of 
Gaucher’s disease (imiglucerase, velaglucerase alfa, 
and taliglucerase alfa).15 No evidence favours any one 
product over the other, and each drug costs about 
US$200 000 per patient per year. To an outside observer, 
this might look like a cartel.

Value, cost, and pricing of drugs
Drug pricing is generally reminiscent of consumer 
goods pricing, where the practice is often to set a price 
as high as the market will allow. However, it is absurd to 
regard a patient with a serious and life-long disease as a 
consumer pondering, for example, what car to buy. 
Working out the value of a drug and the production cost 
would seem more appropriate; these two approaches 
are not in conflict with each other. In some cases, an 
OMP has been shown to be of high benefit to patients 
before licensing; but in other cases, OMPs have 
been approved on the basis of surrogate endpoints. 
One attempt to assess the value of a drug has been 
the quality-adjusted life-years threshold, adopted in 
the UK by the National Institute for Health and Care 
Excellence.16,17 This approach is innovative but has 
limitations. In the European Union (EU), the adaptive 
pathway approach has been explored but not (yet) 
adopted.18 Given the multitude of rare diseases with 
disparate aetiologies and pathophysiologies, the varying 
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Disorder Affected 
population

Estimated 
price (US$)

Manufacturer

Eculizumab (Soliris) Paroxysmal nocturnal haemoglobinuria; atypical 
haemolytic-uremic syndrome

2000 $409 500 Alexion Pharmaceuticals

Idursulfase (Elaprase) Mucopolysaccharidosis II 2000 $375 000 Shire

Galsulfase (Naglazyme) Mucopolysaccharidosis VI 1100 $365 000 BioMarin Pharmaceuticals

Alglucosidase alpha (Myozyme) Pompe disease 900 $300 000 Genzyme, BioMarin

Rilonacept (Arkalyst) Muckle-Wells disease 2000 $250 000 Regeneron

Algasidase beta (Fabrazyme) Fabry disease 2200 $200 000 Genzyme

Imiglucerase (Cerezyme) Imiglucerase (Cerezyme) 5200 $200 000 Genzyme

Laronidase (Aldurazyme) Mucopolysaccharidosis I 600 $200 000 Genzyme

Drug names are followed by brand names in parenthesis. Affected population sizes are estimates. Source: M Harper (2010).4

Table: The most expensive drugs

C5I – Costs

Coyle D, Cheung MC, Evans GA. Opportunity cost of funding drugs for rare diseases: the cost-effectiveness of eculizumab in paroxysmal nocturnal hemoglobinuria. Med Decis Making. 2014 Nov;34(8):1016-29
Luzzatto L, et al; Second Workshop on Orphan Drugs participants. Outrageous prices of orphan drugs: a call for collaboration. Lancet. 2018 Sep 1;392(10149):791-794

Quist SW, et al; Cost-effectiveness of ravulizumab compared with eculizumab for the treatment of paroxysmal nocturnal hemoglobinuria in the Netherlands. Eur J Health Econ. 2023 Dec;24(9):1455-1472
O'Connell T,et al;  Cost-Utility Analysis of Ravulizumab Compared with Eculizumab in Adult Patients with Paroxysmal Nocturnal Hemoglobinuria. Pharmacoeconomics. 2020 Sep;38(9):981-994

Young DJ. A growing panoply of options for patients with paroxysmal nocturnal hemoglobinuria. Am J Hematol. 2024 Sep;99(9):1667-1669



C5I – availability - reimbursement

EHA 2024; Abstract P832 M. Pellegrini, M. Piggin, P. Burmester, R. Peffault de Latour, A.Risitano, C.Dufour, J.Panse, V. Gutierrez Valle, M.Del Mar Mañú Pereira, B. Gulbis, P. Fenaux



PNH – Guidelines – Singapore, China

Goh YT et al; , Consensus recommendations for optimising the diagnosis and treatment of paroxysmal nocturnal haemoglobinuria in Singapore. Ann Acad Med Singap. 2024 Jun 28;53(6):371-385
Red Blood Cell Disease (Anemia) Group, Chinese Society of Hematology, Chinese Medical Association. [Guidelines for the diagnosis and management of paroxysmal nocturnal hemoglobinuria (2024)]. Zhonghua Xue Ye Xue Za 

Zhi. 2024 Aug 14;45(8):727-737



PNH – Guidelines – Germany/Switzerland/Austria

terminal proximal

proximal or combined



PNH – Guidelines - Canada

Oliver M, Patriquin CJ. Paroxysmal Nocturnal Hemoglobinuria: Current Management, Unmet Needs, and Recommendations. J Blood Med. 2023 Dec 6;14:613-628



PNH – Guidelines – Belgium

Devos T, Meers S, Boeckx N, Gothot A, Deeren D, Chatelain B, Chatelain C, Devalet B. Diagnosis and management of PNH: Review and recommendations from a Belgian expert panel. Eur J Haematol. 2018 Dec;101(6):737-749.



PNH – Guidelines - Netherlands

Schaap CCM, et al; Dutch PNH Working Group. Nationwide study of eculizumab in paroxysmal nocturnal hemoglobinuria: Evaluation of treatment indications and outcomes. Eur J Haematol. 2023 Jun;110(6):648-658
Langemeijer S et al; Summary of the Dutchguideline for diagnostics and treatment of paroxysmal nocturnalhemoglobinuria. Dutch J Haematol. 2018;15(6):285-292



Lee JW, Brodsky RA, Nishimura JI, Kulasekararaj AG. The role of the alternative pathway in paroxysmal nocturnal hemoglobinuria and emerging treatments. Expert Rev Clin Pharmacol. 2022 Jul;15(7):851-861; 
Versino F, Fattizzo B. Complement inhibition in paroxysmal nocturnal hemoglobinuria: From biology to therapy. Int J Lab Hematol. 2024 May;46 Suppl 1:43-54

C5I – there‘s more



Litcher-Kelly L et al; Pozelimab for CHAPLE disease: results from in-trial interviews and clinical outcome assessments. Orphanet J Rare Dis. 2024 Aug 8;19(1); Can S et al; Pharmacotherapy for CD55 deficiency with 
CHAPLE disease: how close are we to a cure? Expert Opin Pharmacother. 2024 Aug;25(11):1421-1426; Hoy SM. Pozelimab: First Approval. Drugs. 2023 Nov;83(16):1551-1557

C5I – Pozelimab (+ Cemdisiran)



Jang JH, Wong R, Weyne J, et al. P775: long-term efficacy and safetyof pozelimab monotherapy in patients with paroxysmal nocturnalhemoglobinuria. Hemasphere. 2023;8(7Suppl):e4357016

C5I – Pozelimab (+ Cemdisiran)

§ N = 24 (naive / > 6 months to prior C5)
§ iv loading 30 mg/kg bw, weekly sc 800 mg
§ control of IVH (22/23)
§ transfusion avoidance (21/24)
§ control in one patient with a C5 variant known 

to be resistant to ecu/ravu blockage



Badri P et al; Clin Pharmacokinet. 2021 Mar;60(3):365-378; Gaya A et al; EJHaem. 2023 Jun 26;4(3):612-624

C5I – Cemdisiran

Relationship between dose and maximum C5 protein 
suppression after a single sc dose of cemdisiran.



ClinicalTrials.gov (access 01. Oct 2024)

C5I – Pozelimab (+ Cemdisiran)

Jang J, Wong R, Pavani R, et al. A phase 2, randomized trial evaluating the safety and efficacy of pozelimab and cemdisiran in patients with paroxysmal nocturnal hemoglobinuria 
[abstract no. P782]. HemaSphere. 2023;7(Suppl 3):1449–50.

Kelly R, Houghton N, Munir T, et al. A phase 2, open-label study evaluating the safety and efficacy of combination pozelimab and cemdisiran therapy in patients with paroxysmal 
nocturnal hemoglobinuria who switch from eculizumab [abstract no. P797]. HemaSphere. 2023;7(Suppl 3):1481–82.



C5I + Factor H

Fengkui Zhang, et al; KP104, a Bifunctional C5 Antibody/Factor H Fusion Protein, Effectively Controls Both Intravascular and Extravascular Hemolysis: Interim Results from a Phase 2 Study in Complement Inhibitor-Naïve PNH 
Patients. Blood 2023; 142 (Supplement 1)



PNH – C5 Inhibition

C5a-chain Eculizumab                    
iv every 2 weeks

C5a-chain Ravulizumab                    
iv every 8 weeks

C5ß-chain Crovalimab
sc every 4 weeks

C5 + Factor H KP104
sc weekly/every 2 weeks

C5a-chain Eculizumab 
biosimilars iv every 2 weeks

C5 + C5RNAi sc
weekly + every 2 weeks

C5a-chain Ravulizumab                    
sc weekly

C5 I others…



Thank you for your time





PNH – Guidelines – Central Europe

Bodó I, Amine I, Boban A, Bumbea H, Kulagin A, Lukina E, Piekarska A, Zupan IP, Sokol J, Windyga J, Cermak J. Complement Inhibition in Paroxysmal Nocturnal Hemoglobinuria (PNH): A Systematic Review and Expert Opinion 
from Central Europe on Special Patient Populations. Adv Ther. 2023 Jun;40(6):2752-2772

Hungary, Bulgaria, Coratia, Romania, Russia, Slovenia, Slovakia, Poland, Czech Republic



§ residual complement regulators on PNH-erythrocytes (CR1 & soluble Factor H) 
-> no IVH under low level/tick-over AP activity BUT during CAC

§ C5 inhibition: PNH RBCs accumulate high densities of C3b, iC3b and C3dg
§ clusters of C3b prime C5 (via conformational change) for C5 convertase clevage
§ under strong complement activation (CAC), conformational activation of C5 

cannot be inhibited by different individual C5 inhibitors, hence strong 
complement activation can override terminal pathway inhibition

Duval A, Frémeaux-Bacchi V. Am J Hematol. 2023 May;98 Suppl 4:S5-S19; Harder et al. Blood 2017 ; Kelly et al. touchREVIEWS in Oncology & Haematology 2022.
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Abstract
The aim of this study is to collect paroxysmal nocturnal hemoglobinuria (PNH) patient data from hematology centers all 
over Turkey in order to identify clinical features and management of PNH patients. Patients with PNH were evaluated by a 
retrospective review of medical records from 19 different institutions around Turkey. Patient demographics, medical history, 
laboratory findings, and PNH-specific information, including symptoms at the diagnosis, complications, erythrocyte, and 
granulocyte clone size, treatment, and causes of death were recorded. Sixty patients (28 males, 32 females) were identified. 
The median age was 33 (range; 17–77) years. Forty-six patients were diagnosed as classic PNH and 14 as secondary PNH. 
Fatigue and abdominal pain were the most frequent presenting symptoms. After eculizumab became available in Turkey, 
most of the patients (n = 31/46, 67.4%) were switched to eculizumab. Three patients with classic PNH underwent stem cell 
transplantation. The median survival time was 42 (range; 7–183 months) months. This study is the first and most compre-
hensive review of PNH cases in Turkey. It provided us useful information to find out the differences between our patients 
and literature, which may help us understand the disease.

Keywords Eculizumab · Hemolysis · Paroxysmal nocturnal hemoglobinuria · Thrombosis

Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare 
(incidence is 1.5–2 cases per million of the population per 
year) but life-threatening disease characterized by chronic 
hemolysis leading to thrombosis, renal impairment, pain, 
severe fatigue, and eventually death [1]. Thrombosis has 
been considered as a significant risk factor for mortality and 
the leading cause of death in PNH patients [2].

PNH arises from somatic mutations of the phosphati-
dylinositol glycan, class A gene (PIGA) in one or more 
hematopoietic stem cell (HSC) lines [3–5]. The muta-
tion leads to disruption to glycosylphosphatidylinositol 
(GPI) anchor biosynthesis [6], and thus a deficiency of all 

GPI-anchored proteins on the cell membrane [7]. The lack of 
synthesis of the GPI anchor leads to under expression of two 
important complement regulatory proteins, CD55 and CD59 
[8], resulting in increased complement sensitivity of PNH 
cells, intravascular hemolysis, elevated levels of inflamma-
tory mediators, and high concentration of free hemoglobin 
scavenges in the plasma. Elevated free hemoglobin conse-
quences with nitric oxide (NO) scavenge and NO depletion 
causes majority of symptoms of PNH such as abdominal 
pain, erectile dysfunction, and dysphagia [9].

Although PNH is an HSC disorder, it is a chronic multi-
system disease. It shows frequent recurrences and spontane-
ous long-term remissions are rare. The median survival is 
about 10 years with supportive treatment such as transfu-
sions, steroids, and immunosuppressive therapy [10]. How-
ever, survival can be significantly shortened in some cases 
with severe thrombosis, renal deficiency, or bone marrow 
failure. Currently, C5-blockade with monoclonal antibod-
ies became available as a treatment option. Eculizumab is 
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factor for thrombosis in our study group. Median granu-
locyte clone size was 85% and 67% in patients with TE 
and without TE, respectively (p = 0.35). While number 
of patients with granulocyte clone size > 50% were 9 
(81.1%) in patients with TE, it was 20 (60.6%) in patients 
without TE.

Treatment of PNH

Pre-eculizumab era treatments are summarized in Table 2. 
Because eculizumab was not commercially available before 
2009 in Turkey, almost all of the PNH patients diagnosed 
before 2009 were started on immunosuppressive therapy at 
the time of diagnosis. After eculizumab became available 

in Turkey, patients were switched to eculizumab if they 
had indications for C5-blockade with monoclonal antibod-
ies such as PNH-related thrombosis, transfusion needed 
hemolytic PNH, symptomatic PNH, and presence of organ 
damage due to PNH such as kidney failure and pulmonary 
hypertension. When all patients were evaluated (Table 2), 
the most frequently used previous therapies were predni-
solone (45.6%) and cyclosporine (28.2%) for classic PNH 
patients and cyclosporine (85.7%) with/without anti-thy-
mocyte globulin (ATG) for PNH + AA patients. Eight out 
of 14 (57.1%) patients with PNH + AA were treated with 
anti-thymocyte globulin (ATG) for bone marrow hypo-
plasia. Three underwent allogeneic bone marrow trans-
plantation and 7 patients received eculizumab therapy after 
ATG treatment.

Current treatment approaches as of March 2016 were 
shown in Table 3. As shown in Table 3, the total num-
ber of patients receiving eculizumab was 43 out of 60 
(71.6%). Patients who got eculizumab were 78.2% and 
50% in classic PNH and PNH + AA groups, respectively. 
Six patients underwent allogeneic stem cell transplanta-
tion. Seven patients assigned as “no treatment.” There 
are reasons why some patients cannot receive eculizumab 
therapy such as patient refusal to treatment (2 patients), 
lack of frequent visits to the hospital due to economic 
reasons (1 patients), and health insurance problems (1 
patient). Moreover, 3 patients were recruited as asymp-
tomatic, and they were being followed up by the clinician 
without treatment.

Given the fact that eculizumab is the first-line treat-
ment, we further analyzed transfusion frequencies, LDH 
values, renal functions, and granulocyte clone sizes before 
and after eculizumab treatment in patients with classic 
PNH (31 patients) separately. We found that after start-
ing eculizumab treatment number of transfusions (Fig. 2), 

Fig. 1  Correlation analysis showing a significant correlation between 
serum LDH levels and granulocyte clone size

Table 2  Table showing past treatment (pre-eculizumab era) 
approaches for paroxysmal nocturnal hemoglobinuria patients (PNH) 
in our study group. Please note that these percentages have been cal-
culated for the use of each drug alone and/or in combination therapy

AA, aplastic anemia; MDS, myelodysplastic syndrome; ATG , anti-thy-
mocyte globulin; HSCT, hematopoietic stem cell transplantation

Past treatments Classic PNH
(n = 46)

PNH + AA/
PNH + MDS
(n = 14)

Oxymetholone (%) - 4 (28.5)
Prednisolone (%) 21 (45.6) 7 (50)
Danazol (%) 3 (6.5) 3 (21.4)
Cyclosporine (%) 13 (28.2) 12 (85.7)
Azathioprine (%) 2 (4.3) -
ATG (%) 3 (6.5) 8 (57.1)
HSCT (%) 3 (6.5) 3 (21.4)

Table 3  Current treatment approaches for paroxysmal nocturnal hemo-
globinuria patients (PNH) in our study group. Please note that eculi-
zumab is the most common used drug in line with current literature

AA, aplastic anemia; MDS, myelodysplastic syndrome; HSCT, hemat-
opoietic stem cell transplantation

Current treatments Classic PNH
(n = 46)

PNH + AA/
PNH + MDS
(n = 14)

Eculizumab alone 31 7
Corticosteroid alone 2 -
Eculizumab + cyclosporine 5 -
Corticosteroid + cyclosporine 1 1
HSCT 3 3
No treatment 4 3
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§ availability of Eculizumab 43/60 (71.6%) got
Eculizumab

§ reasons for not receiving Eculizumab: patient
refusal (n=2) economic reasons (n=1), health
insurance problems (n=1), asymptomatic (n=3)
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LDH values (Fig. 3) and creatinine levels (Fig. 4) were 
decreased significantly. Twenty out of 31 patients had a 
history of receiving red blood cell (RBC) transfusions 
before eculizumab initiated. It was observed that trans-
fusion need was decreased by 58.9% after eculizumab 
treatment. Mean number of RBC units transfused were 
5.6 (± 6.2) and 2.3 (± 2.4) during the 12 months before 
and after eculizumab treatment was started (Fig. 2). On 
the other hand, median LDH levels were 945 IU/L and 
311 IU/L, before and after eculizumab treatment, respec-
tively (Fig. 3). Thromboembolic events were observed in 
3 out of 31 patients (two patients had deep venous throm-
bosis and one patient had cerebrovascular event) followed 
up under eculizumab treatment. All of these 3 patients 
had LDH levels ≥ 1.5 × ULN. Also, mean creatinine levels 
were 1.5 (± 1.3) and 1.0 (± 0.4) mg/dL before and after 
eculizumab therapy respectively (p < 0.05) (Fig. 4). Mod-
erate-to-severe renal failure which is accepted as glomeru-
lar filtration rate ≤ 60 ml/dk was identified in four patients, 
and two out of four patients were receiving dialysis at 
treatment entry. After eculizumab, it was observed that 
these two patients became dialysis-free. Besides, multiple 

stepwise backward linear regression analysis was per-
formed in order to find effect of certain parameters (age, 
sex, hemoglobin, white blood cells, platelets, LDH, and 
PNH clone size) on creatinine levels in our study cohort. 
In patients with classic PNH, only pre-eculizumab LDH 
levels was found be statistically significant positive cor-
related with creatinine levels (r2 = 0.513, p = 0.019). There 
was no significant correlation between certain parameters 
mentioned above and creatinine levels in PNH + AA pat
ients.

Survival outcomes

The median survival time was 42 (range; 7–183 months) 
months. Four out of 60 (6.6%) patients died due to infec-
tions during follow-up. Two of these 4 patients were diag-
nosed as classical PNH, whereas other two patients were in 
PNH + AA group. All 4 patients had received ATG therapy 
in the past. Only one of them was able to receive eculizumab 
after ATG therapy. Two died as a result of fungal pneumo-
nia, one died due to bacterial sepsis after a long history of 
recurrent bronchopneumonia before starting eculizumab, 
and one died because of cytomegalovirus infection after 
allogeneic stem cell transplantation.

Fig. 2  Figure showing rate of the red blood cell units transfused in 
patients with PNH. After eculizumab treatment, transfusion need was 
significantly decreased

Fig. 3  Figure showing median LDH levels before and after starting 
eculizumab treatment
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Discussion

PNH is a rare acquired disorder of hematopoietic stem cells, 
which mainly presents as a disease of adults and, to a less 
extent, of childhood and adolescence. The peak incidence 
is in the third and fourth decades of life. Our study showed 
that the median age of PNH patients at the time of diagnosis 
was 33 years, which was similar to previous reports [10, 
17]. Both sexes can be affected; our series revealed a slight 
female preponderance of PNH. Also, regarding baseline 
laboratory parameters, patients with PNH + AA had sig-
nificantly lower platelet count and LDH levels which was 
similar to reported by Lee JW et al. [18].

Thrombotic complications in PNH patients can arise 
in venous site (85%) such as hepatic, cerebral, and deep 
limb veins, but arterial thrombosis is not so rare (15%) 
[19]. Our study showed that the incidence of thrombotic 

events as 35%, which was comparable to previous reports 
from European population [10, 20, 21]. Prior to initiation 
of eculizumab, 18 out of 60 (30%) patients experienced TE 
in our study. Only 3 patients had TE after eculizumab treat-
ment. Likewise, Hillmen et al. reported that TE incidence 
was 32.3% (63 out of 195 patients) in pre-eculizumab era, 
and they observed an 81.8% reduction in the incidence of 
TEs with long-term eculizumab treatment [22]. There are 
other reports showing that eculizumab has a protective effect 
against thrombosis [23–25].

In our study, we found that the median LDH level was 
significantly higher in patients with TE than in patients with-
out TE. We also did see the elevated hemolysis (LDH ≥ 1.5 
ULN) was an increased risk factor for TE. In a study by Lee 
et al. [14], it showed that, at the diagnosis, PNH patients 
with LDH ≥ 1.5 ULN had an increased risk of TE compared 
with PNH patients with LDH ≤ 1.5 × ULN. These findings 
also supported with a report by International Paroxysmal 
Nocturnal Hemoglobinuria Registry [26]. Elevated LDH 
levels (≥ 1.5 ULN) is a well-known marker for hemolysis 
and should be considered as a predictive factor of increased 
risk for TEs. On the other hand, clinicians should remember 
that significant hemolysis is not always necessary for throm-
bosis, especially in the presence of high PNH clone [27]. 
Although mechanism for thrombosis in patients with non-
hemolytic PNH is not fully understood, it has been shown 
that platelet derived microparticles, endothelial activation, 
and the formation of neutrophil extracellular traps may play 
a key role [28–30].

Renal failure is one of the leading causes of death in PNH 
patients. Our study demonstrated that creatinine levels posi-
tively correlated with pre-eculizumab LDH levels, and it 
significantly decreased after initiation of eculizumab. In a 
recent study from Spanish PNH Registry, it was shown that, 
PNH patients with acute/chronic renal failure, all patients 
treated with eculizumab, creatinine levels were significantly 
improved [31]. The authors concluded that clearance of iron 
from the kidney, inhibition of the production of anaphyla-
toxin C5a, together with decreased intravascular hemolysis 
and normalization of nitric oxide levels, were the most rel-
evant benefits of eculizumab treatment on renal functions.

In our study, major cause of death was infection. Overall, 
four out of 60 patients were deceased. This finding is not 
consistent with the previous reports, because thrombotic 
complications are the leading cause of death and occur in 
approximately 40% of PNH patients in the published litera-
ture [9, 13, 20, 32]. There is no single possible explanation 
of this inconsistency. However, we speculate that routinely 
performed primary thrombosis prophylaxis with warfarin in 
patients with granulocyte clone size > 50% and > 100,000 
platelets may have led to a significant decrease in death 
events in our series. Likewise, Hall et al. [33] showed that 

Fig. 4  Scatter dot plot graph showing significant decreased of mean 
creatinine levels after eculizumab treatment in PNH patients. Mean 
creatinine levels were 1.5 (± 1.3) and 1.0 (± 0.4) mg/dL before and 
after eculizumab therapy respectively (p < 0.05)
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