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' REDCELLS 

Sustained respon e and long-tenn safety of eculizumab in paroxysmal nocturnal 
hemoglobinuria 
Anita Hill. Peter Hillmen, Stephen J. Richards, Dupe Elebute, Judith C. Marsh, Jason Chan, Christopher F. Mojcik, and Russell P. Rother 

Paroxysmal nocturnal hemoglobinurla 
(PNH) is a hematologic disorder character­
tzed by clonal expansion of red blood 

1 cells (RBCs) lacking the ability to inhibit 
complement-mediated hemolysis. Eculi­
zumab, a humanized monoclonal anti­
t,ody that binds the CS complement pro­
tein, blocks serum hemolytic activity. This 
study evaluated the long-term safety and 
efficacy of eculizumab in 11 patients with 
PNH during an open-label ex1ension trial. 
After completion of an initial 12-week 
study, all patients chose to participate in 
the 52-week ex1ension study. Eculizumab, 
administered at 900 mg every 12 to 14 

days, was sufficient to completely and 
consistently block complement activity in 
all patients. A dramatic reduction in hemo­
lysis was maintained throughout the 
study, with a decrease in lactate dehydro­
genase (LOH) levels from 3110.7 IU/L be­
fore treatment to 622.4 IU/L (P = .002). 
The proportion of PNH type Ill RBCs in­
creased from 36.7% at baseline to 58.4% 
(P = .005). The paroxysm rate of days 
with gross evidence of hemoglobinuria 
per patient each month decreased from 
3.0 during screening to 0.2 (P < .001) 
during treatment. The median transfusion 
rate decreased from 1.8 U per patient 

each month before eculizumab treatment 
to 0.3 U per patient each month (P = .001 ) 
during treatment. Statistically significant 
improvements in quality-of-life measures 
were also maintained during the ex1en­
sion study. Eculizumab continued to be 
safe and well tolerated, and all patients 
completed the study. The close relation­
ship between sustained terminal comple­
ment inhibition, hemolysis, and symp­
toms was demonstrated. (Blood. 2005; 
106:2559-2565) 

© 2005 by The American Society of Hematology 

Introduction 

Paroxysmal nocturnal hemoglobinuria (PNH) is a hematopoietic 

stem-cell disorder characterized by red blood cell (RBC) destruc­

tion. anemia, hemoglobinuria, and thrombosis. T he intravascular 
hemolysis in PNH is continuous, with episodes of dark urine, or 

paroxysms, occurring at times o f particularly brisk hemolysis. 

Ongoing hemolysis and/or insufficient hematopoiesis often result 

in transfusion dependence. Hemolysis in patients with PNH can be 

monitored by levels of the enzyme lactate dehydrogenase (LOH), 

which is typically elevated and can exceed 20 times the upper limit 

of normal during severe paroxysms. 1•3 There is no effective 
treatment for the ongoing hemolysis in PNH. 

PNH results from the c lonal expansio n of somat ically mutated 

hematopoietic stem cells. The predominant mutatio n resu lts in a 

functional deficiency in phosphatidylinositol glycan class A (PIG­
A), a protein that is c ritical for the biosynthes is of the g lycosylphos­
phatidylinositol (GPIJ anchor. a mechanism by which various 

proteins are attached to the cell membrane.4·s Consequently, there is 

a partial (type II) or complete (type II I) deficiency of GP I-anchored 

proteins on the surfaces of PNH hematopoietic stem cells and their 

progeny. Two such proteins are the complement inhibitors COSS 

and CDS9. COSS inhibits complement at the level of C3, whereas 
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CDS9 prevents terminal complement components from forming the 
hemo lytic membrane pore (C5b-9).1,.8 Deficiency of these comple­

ment inhibitors renders PNH RBCs sens itive to complement­

mediated lysis.7 

Eculizumab is a humanized monoclonal antibody that specifi­

cally targets the complement protein CS and prevents its cleavage.9 

CS is the point at which the pathways of complement activation 

converge, and it is the first protein of terminal complement 

assembly. Complement inhibition at this stage blocks the genera­
tion of CSa and the formation of CSb-9 while it preserves early 

complement components that are critical for the clearance of 

microorganisms and immune complexes. 10 

We previously reponed the outcome of an open-label study of 

eculizumab in patients with PNH. 2 Results of this 12-week study 

demonstrated a dramatic reduction in hemolys is and a concomitant 

increase in the proponion of PNH type Ill RBCs. In addition. this 

initial study showed a marked decrease in the rates of paroxysms 

and blood transfusions and an improvement in quality of li fe. 

Here we report the results of a I-year follow-up study des igned 

to assess the long-term efficacy and safety of eculizumab in 
patients with PNH. 
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Patients, materials, and methods 

Trial design 

The acute-phase study was an initial 12-week. open-label trial of eculi-
1umab in 11 patients with P H and ha< been described previously in detail. 1 

The current <ludy was an open-label e,ten<ion of that acute-phase study. All 
11 patient, from the acute-phase study enrolled in the extension , tudy. 
Patient< were allowed concomitant therapy-with the exception of whole 
blood. which contain~ CS- at the discretion of their treating physician,. 
Two of 11 patients had a history of thromoo, i, before eculirnmab treatment. 
and Ii of 11 p,Hient, were on warfarin therapy before and during the trial. 

The trial wa, approved by the Leeds (West) Research Ethics Commit­
tee. United Kingdom. and was performed according 10 the International 
Conference on Harmonisation and Good Clinical Practice Standards. All 
patients gave wrilten infom1ed consent and were treated with eculizumab. 

Eculizumab administration 

All patients entered the extension study on a maintenance dose of 
eculizumab (at the conclusion of the acute-phase study). This maintenance 
do,e of 900 mg intravenously every 14 days was continued throughout the 
extension study period. Two patients. however. required that the dosing 
interval be shonened to every 12 days so that consi~tent and complete 
complement inhibition could be maintained. 

Clinical investigations 

As in the acute-phase study. data were obtai ned in the opcn-1.ibel extension 
study un the pharmacokinetics (PK). pharmacodynamies (PD). and immu-
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noge01c1ty of eculi7umab. indicators of hemoly<is. PNH clone site. 
paroxy,m and 1ran,fu<1on rnte,. and quality-of-l ife measurement<. The 
trigger for transfusion licfore and during the study remained unchanged for 
euch patie nt and was based on a combination of hemoglobin levels and the 
occurrence of symptom1 resu lting from anemia. hemoly<is. or both. Thi1 
infonnation ha< been de/;Crihed in detail e lsewhere.2 

Statistical analysts 

Biochemical values were compared u,ing the paired Student I test. change 
of trunsfusion and paroxy,m rates were analy1ed using the Wilcoxon 11gned 
rank te,t. quality-of-life meawrement, were analy1ed u,ing mixed-effect 
analysi, of variance. and compariMin of the numher of day< with paroxy1m1 
wa, analy,cd using the Fi, hcr exact test. 

Results 

Pharmacoklnetics and pharmacodynamics 

In the acute-phase s tudy. IO o f 11 patients maintained sufficient 

levels o f eculizumab (~ 35 µ g/rnL) for termina l comple ment to be 
suffic ient ly inhibited (::: 20% serum he molytic ac tivity) for the 
durat ion of the 12-week treatme nt pe riod (Fig ure I. weeks 0-12). 
During the exte ns ion s tudy. 9 of I I patie nts continued to show 

complete complement b lockade throughout the 52-week treatment 

period ( Fig ure I, weeks 12-64). The 2 patie nts whose serum 

cculizumab levels decreased be low 35 µ g/mL (Figure IA. lines 

1-2) showed a re turn o f serum he m olytic activity (Figure I B. lines 

-2 0 2 6 
t 

ecutlt..-n•b 

10 1 ◄ 18 22 :le 30 3◄ 38 ◄2 ◄8 60 54 68 82 

Time (weeks) 

Figure 1. PK and PD analyses of ecullzumab In patients with pNH. 
ln1t1at1on of ecuhzurnab dosing 1s 1nd1cated at time o on the x a,us (Al 
Serum levels of ecul12umab 1n 11 pat1en1s w,th PNH during the 64 weekSol 
treatmen1 The dashed hne 1nd1cates the level ot ecuhzumab required lO 

comple1ely block complement ac1,v1ty ( e: 35 µgtml) Time o shows 1evels 
ol ecuhzumab before (encircled) and 1 hour after dosing, whereas all otner 
tune points represenl trough values. Two patients with trough levels ol 
ecuhzumab below 35 µg/n1L during the ma1ntendnce dosing are ,oonuhed 
(pauenls 1 and 2). (8) Serum hemolytic act1v1ty (PD) during the 64-weell 
1reatrnent period, as determ111ed by the ability of serum to tyse anubOdY· 
presens1t1zed chicken erythrocytes The dashed line 1nd1cates the perceot­
age ol hemolytic actMty at wh,ch complement 1s considered enecuvely 
inh1b11ed ( - 20° o) Time O shows serum hemolytic actMty belore (er>­
circled) and I hour after dosing, whereas all other ume pomts represeflt 
1rough values Two patients w11h trough serum hemolytic activity values 
above 20°0 are 1dent1hed (patients 1 and 2). 
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1-2). However. a reduction in the dosing interval from 900 mg 
e,·ery 14 day~ to 900 mg every 12 days (initiated between weeks 18 
and 24) in the 2 breakthrough patients was adequate to keep trough 
levels of eculi1Umab higher than 35 µ,g/mL (Figure I A). thereby 
completely blocking scnun complement activity for the remainder 
of the e;,;tension . tudy (Figure I B). 

Measures of hemolysis 

Lactate dehydrogenase (LOH) is a standard biochemical measure 
of intravascular hcmolysis. and levels are frequently elevated in 
patients with P H. 1

•3 The immediate reduction in LOH levels 
observed in all patients during the acute-phase study was main­
tained during the extension tudy (Figure 2). Two patients demon­
trated transient increases in LOH levels (Figure 2, Jines 1-2) that 

correlated temporally with the breakthroughs in serum complement 
activity shown in Figure I. As complement blockade was restored. 
LDH levels returned to near-normal values. 

Levels of various markers of hemolysis and platelet counts 
during eculizumab treatment are shown in Table I. LOH levels 
decreased from a mean of 3 11 0.7 ± 598.4 IU/L during Lhe 52 
weeks before treatment to 594.0 ± 31.7 nJ/L and 622.4 ± 41. 1 
JU/L (normal range at Leeds Teaching Hospitals, 150-480 IU/L) 
during the 12 and 64 weeks of treatment, respectively (P = .002 for 
64-week comparison in all patients). Similarly, aspartate aminotrans­
ferase (AST) levels, another marker of hemolysis, decreased from a 
mean baseline value of 76.2 ± 16.0 IU/L to 26.2 ± 2.3 IU/L and 
30.1 ::t 3.2 nJ/L (nomial range at Leeds Teaching Hospitals, I 0-40 
IU/L) during the 12 and 64 weeks of treatment, respectively 
(P == .02 for 64-week comparison in all patients). The dramatic 
reduction in hemolysis during eculizumab treatment was demon­
strated in both noncytopenic (platelet count ~ 150 X I 09/L) and 
cytopenic (platelet count < 150 x I 09/L) patient populations. 
Levels of haptoglobin, hemoglobin, and bi lirubin and numbers of 
reticulocytes and platelets did not change significantly in the 
comparison of prestudy value and 64-week treatment values. 

Proportions of PNH blood cells 

Clonal expansion ofhernatopoietic stern cells with a reduction in or 
an absence of GPl-linked membrane proteins (type 11 or type Ill 
cells, respectively) is a hallmark of PNH. The effect of eculizurnab 
on the proponions of various PNH blood-cell types was assessed 
!Table 2). The pruponion of PNH type Ill RBCs relative to the total 
RBC population increased from 36.7% ± 5.9% at baseline to 
59.2% :t 8.0% and 58.4% :!: 8.5% during the 12 and 64 weeks of 

Figu,. 2. LOH levels In patlenta with PNH before and during ecull-

11111\ab lreetment. Initiation of eculizumab dosing is indicated at time O on 
1he X axis. LOH values are shown for 11 patients with PNH for 25 weeks 
before and 64 weeks dunng eculizumab treatment. (Normal) Upper limit of 
llormal of the LOH range at the Leeds Teaching Hospital. The dashed line 
lldlcates oll--sce!e points from one patient with a peak value of 12 100 
IU/1.. Two patients who experienoed a return of serum hemolytic activity 
~nog lrea~t are Identified (patients 1 and 2). 
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treatment. respectively (P = .005 for 64-week comparison in all 
patients). The increase in the proportion of PNH type III RBCs was 
more pronounced in patients without cytopenia than in those with 
cytopenia. However. the lower proportion of type Ill RBCs in 
patients with cytopenia was a direct result of the dilutional effect 
from the increased administration of normal RBCs because of the 
higher transfusion requirement in this patient group. The propor­
tion of PNH type fl RBCs increased from 5.3% ± 1.4% before 
treatment to 13.2% ± 2.4% (P = .01 3) during the 64 weeks of 
treatment. Mean proportions of type Ill neutrophi ls and platelets 
were greater than 90% before ecul izurnab therapy and were stable 
during the study. 

Paroxysm and transfusion rates 

The presence of hemoglobin in the urine (hernoglobinuria) is 
characteristic of PNH and a central component of periodic exacer­
bations known as paroxysms. In the eculizurnab study, paroxysm 
rates were defined as the number of days with the presence of gross 
hernoglobinuria, defined as a colorimetric urine score of 6 or 
greater on a scale of I to 10.2 In patients whose urine scores were 
assessed. the paroxysm rate decreased from 3.0 paroxysms per 
patient each month before eculizurnab treatment to 0.1 paroxysms 
per patient each month during the initial 12 weeks and 0.2 
paroxysms per patient each month during the total 64 weeks of 
treatment (Figure 3; P < .001). 

During the extension study, 2 patients did not sustain levels of 
eculizurnab necessary to consistently block complement (Figure I). 
This breakthrough in serum hemolytic activity occurred in the last 
2 days of the 14-day dosing interval. a pattern that was repeated 
between multiple doses. A detailed analysis of Lhe dosing interval 
between visits 4 and 5 in one of the breakthrough patients showed 
that sufficient levels of eculizurnab (PK ~ 35 µ,g/mL) were present 
to completely block serum hemolytic activity (PD s 20% hemo­
lytic activity) for the first 12 days (Figure 4 ). Effective complement 
blockade during these 12 days was reflected by normal urine color 
scores and low LOH and AST levels. On the 13th and 14th days of 
the dosing interval, a paroxysm occurred. as evidenced by severe 
hernoglobinuria (black urine), dysphagia. and dramatic increases in 
LOH and AST levels. These events correlated with insufficient 
levels of eculizumab (PK) and Lhe return of serum hemolytic 
activity (PD). The patient was again dosed on day 14, which 
resulted in the resolution of hernoglobinuria and dysphagia by the 
next morning. A reduction in the dosing interval from 14 to 12 days 
between visits 5 and 9 was sufficient to maintain the levels of 

.... 
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Table 1. Changes In levels of various markers of hemolysls and platelet counts during eculizumab therapy 

Normal Time of analysl•II 

Bloctlemlcal mar1ler range Before studyt 12wk 64wk p• 

LDH, IU/l 

AlpalielU 1~ 3110.7 :!: 598.4 594.0 :!: 31 .7 622.4 :!: 41 .1 .002 

Patients without cytopemat: NA 3965.0 :!: 971 .7 617.2 :!: 24.3 657.1 :!: 54.8 

Patients wtlh cylOplNMf NA 2085.0 :!: 267.0 566.3 :!: 65.5 580.8 :!: 63.2 

AST, IU/l 

Al petientl 1()-40 76.2 :!: 16.0 26.2 :!: 2.3 30.1 :!: 3 .2 .02 

Pattents without cytopema NA 88.5 :!: 28.3 24.4 :!: 3.8 30.8 :!: 5.7 

Pallenll wtlh cylOpente NA 61.4 :!: 9.8 28.4 :!: 2.4 29.1 :!: 2.3 

Haptoglobln, gll 

Al petientl 0.5-2 0.06 :!: 0 0.07 :!: .01 0.14 :!: 0.07 NS 
Patients without cytopenia NA 0.06 :!: 0 0.08 :!: .02 0.20 :!: 0. 12 

Pallenll wllh cytopenie NA 0.06 :!: 0 0.06 :!: 0 0.08 :!: 0.01 

Hemoglobin, g/dL 

Allpatlenla 11.5-18 10.0 :!: 0.4 10.3 :!: 0.4 10.4 :!: 0.4 NS 
Pahents without cytopenia NA 10.4 :!: 0.5 10.9 :!: 0.6 10.8 :!: 0.5 
Patlenla wllh c:ytopenla NA 9.5 :!: 0.7 9.6 :!: 0.4 9.9 :!: 0.5 

Blllrubln, ,.M 
Allpdanla 3-15 25.9 :!: 4.3 28.2 :!: 4.4 28 .7 :!: 4.0 NS 
Patients without cytopenia NA 30.6 :!: 7.4 34.9 :!: 6.6 34.6 :!: 5.9 
Patlants with cylapelM NA 20.2 :!: 2.2 20.2 :!: 3.6 21.7 :!: 3.6 

Ratlculocy1ea, x 10-•1mm• 

All pa1iants 20-80 161.4 :!: 25.9 191.2 :!: 23.6 169.6 :!: 21.6 NS 
Patients wrthout cytopenia NA 200.2 :!: 38.4 243.4 :!: 26.2 233.2 :!: 27.4 
Palientll with c:ytopenla NA 114.8 :!: 21 .9 128.5 :!: 15.6 137.3 :!: 15.2 

Platelets, x 1 O'll 

All petlents 150-400 183.0 :!: 35.3 183.6 :!: 37.8 180.8 :!: 35.8 NS 
Patients without cytopenia NA 250.2 :!: 49.8 256.3 :t 51 .8 251.5 :!: 47.2 
Patients with cytopenla NA 102.2 :!: 11.8 96.3 :!: 18.7 95.9-+- 19.7 

- indicates not determined; NA, not applicable; and NS, not significant. 
' Comparisons of mean change from the prestudy period to the 64-week treatment period for all patients. 
tMean values during 52-week period before treatment except for AST, which represents the baseline mean. 
:tPlatelet count ce 150 x 108/L; n = 6. 
§Platelet count < 150 x 109/L; n = 5. 
UValues are presented as :!: standard error (SE). 

Table 2. Changes In proportions of PNH blood-cell types during 
ecullzumab treatment 

Proportion of PNH cells, % 

PNHcelltype Baseline§ 12 wk§ 64wk§ p• 

Type Ill RBCs 

All patianl& 36.7 :!: 5.9 59.2 :!: 8.0 58.4 :!: 8.5 .005 

Patients without cytopeniat 38.8 :!: 3.7 73.5 :!: 4.1 67.8 :!: 7.0 

Patienta with c:ytopenia:t 34.2 :!: 12.9 42.1 :!: 13.8 47.0 :!: 16.3 

Type II RBCs 

All palientl 5.3 :!: 1.4 7.5 :!: 2.1 13.2 :!: 2.4 .013 

Patients without cy1openia 4.8 :!: 1.8 6.8 :!: 3.0 12.9 :!: 1.9 

Patients with cytopenla 5.8 :!: 2.4 8.4 :!: 3.2 13.5 :!: 5.0 

Type 111 wee, 
Allpa!Jent. 92.1 :!: 4.6 89.9 :!: 6.6 91 .1 :!: 5.8 NS 

Patients without cytopenla 95.1 :!: 2.3 94.9 :t 2.6 96.1 :!: 1.1 

Patiente with cytopenla 88.4 :!: 10.2 83.9 ± 14.5 85.2 :!: 12.9 

Type Ill platelet• 

Allpetle,llt 92.4 • 2 .4 93.3 ± 2.8 92.8 :!. 2.8 NS 

Pa~ents without cy1openla 93.2 • 1.4 95.8 • 2.1 95.0 .:t 0.8 

Pallenl8 wllh cytopenie 91 .8 • 5.4 90.2 • 5.6 90.2 .!. 5.8 

- 1nd1ca1es not determined; WBCs, white blood cells; and NS, not significant. 
·Comparison, of mean change from baseline lo the 84-week treatment period for 

all patlenta 
tPlatelet count "" 150 , 109/L; n 6. 
i Platelet count < leas than 150 , 108/L; n 5 
§Data are presented as • SE. 

eculizumab necessary to effectively and consistently block serum 
hemolytic activity and, therefore, intravascuJar hemolysis in these 
patients (Figure 4, visit 9). 

A statistically significant reduction in the rate of packed red 
blood cell (PBRC) transfusion was observed in the acute-phase 
study and was maintained during the extension tudy compared 
with the rate of transfusion before eculizumab therapy (Table 3). 
Mean transfusion rates decreased from 2.1 U per patient each 
month during the I-year period before treatment to 0.6 U per 
patient each month during the initial 12-week and to 0.5 U per 
patient each month during the total 64-week treatment period. 

E 3.0 I ~ 2.5 

~ ~ 2.0 

:_ i 1.5 

.E 'i 1.0 
'° IL j;- 0.5 

C 0,0 - ------Screening 12 wk 64 wk 

Figure 3. Paroxysm rate In patients with PNH before and during eculizumab 
treatment. A urine color scale2 was used to assess the incidence of paroxysms in 8 
patients with PNH before and during treatment with ecuhzumab. Paroxysm was 
prospectively dellned by a urine colorimetric score of 6 or more. Bars represent the 
paroxysm rates (number of paroxysms per patient per month) during the screening 
period, during the llrst 12 weeks, and over the total 64 weeks of eculizumab 
treatment. Three patients were not included In the analysis either because their 
pretreatment urine scores were Inadvertently not collected (2 patients) or because an 
Iron-chelating agent that resulted In art1llclally colored urine was administered during 
the extension study (1 patient). 

Samsung Bioepis Exhibit No. 1013 
Page 012



BLOOD, 1 OCTOBER 2005 • VOLUME 106. NUMBER 7 
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Figure 4. Relationship between complement Inhibition with ecullzumab and 
various hemolytic parameters and symptoms during a transient breakthrough 
In serum-complement activity. Urine color, symptoms, biochemical parameters of 
hemolysrs, PK, and PO were assessed during a 14-day eculizumab-dosing interval in 
a patient w~h a transient breakthrough in serum hemolylic activity. Eculizumab was 
administered on day 0 after assay samples were collected . A urine colorimetric score 
of 6 or greater was considered abnormal (hemoglobinuria). Levels of the hemolylic 
mar1<e1S LOH and AST ere shown (IU/L). Eculizumab serum concentrations (PK, 
11,g/mL) of 2: 35 11,g.'mL were sufficient to maintain a serum hemolylic activity (PO, % 
serum hemolytic activity) of :s 20%, a value known to represent complete comple­
ment blockade. The eculizumab-dosing interval was reduced to 12 days between 
visits 5 and 9. Urine row presents colorimetric scores. - indicates not determined. 
·0ose of eculizumab. 

Similarly, median transfusion rates decreased from 1.8 U per 
patient each month before treatment to 0.0 U and 0.3 U per patient 
each month during the fi rst 12 weeks and the total 64 weeks of 
therapy, respectively (P = .00 I for 64-week comparison in all 
patients). The reduction in transfusions was more pronounced in 
patients without cytopenia; the mean rate in this population 
decreased from 2.4 U per patie nt each month during the prestudy 
period to 0.2 U per patient each month during the 12- and 64-week 
treatment periods. Transfusion reduction in patients with poor bone 
marrow reserve (patients with cytopenia) decreased from a mean 
rate of 1.8 U per patient each month during the I-year pretreatment 
period to 1.2 and 0.8 U per patient each month during the 12- and 
64-week treatment periods, respectively. 

Quality-of- life measurements 

Quality-of-life measurements were assessed using the European 
Organization for Research and Treatment of Cancer (EORTC) 
QLQ-C30 instrument during the tota l 64-week treatment period 
and were compared with baseline values (Table 4). Significant 
improvements in quality-of-life domains that were demonstrated in 
the acute-phase study were maintained in the extension srudy, 
including global health starus (P = .009), physical functioning 
(P < .001), emotional functioning (P < .001), cognitive function­
ing (P = .001 ), fatigue (P < .001 ), dyspnea (P < .001 ), and in om-

RESPONSE TO AND SAFETY OF ECULIZUMAB IN PNH 2563 

Table 4. Quality-of-life assessment during ecullzumab treatment 

Mean 64-wk change 
baseline from baseline 

Domain" acoret score* P § 

Global health status 56.1 13.8 .009 

Physical functioning 70.9 14.3 <.001 

Emotional 

functioning 70.5 12.5 <.001 

Role functioning 66.7 14.5 .003 

Cognitive functioning TT.3 10.3 .001 

Fatigue 47.5 - 17.8 <.001 

Dyspnea 39.4 - 16.6 <.001 
Insomnia 30.3 -8.2 .031 

Pain 21 .2 - 8.2 .023 
Constipation 3.0 4.1 <.001 

·Quality of life was assessed using the European Organization for Research and 
Treatment of Cancer QLQ-C30 instrument. 

tMean values of linearly transformed scores. 
; Values represent least-square means. Positive change indicates improvement 

on Global Health Status and Functional scales, and negative change indicates 
improvement on Symptom scales. 

§From a mixed analysis-of-covariance model with visn as a fixed effect, patient 
as a random effect, and baseline as a covariate. 

nia (P = .03 1 ). In addition, changes in role functioning (P = .003) 
and pain domains (P = .023) achieved significance during the 
64-week treatment period (P < .00 I). The constipation domain 
showed a significant increase over the treatment period. Taken 
together, these results indicate that various parameters of quality of 
life in patients with PNH rapidly improve with eculizumab therapy 
and that the e changes are maintained for extended lengths of time. 

Safety 

All patients completed the extension study. No deaths occurred and 
no thrombose developed during the 12-month treatment period. In 
no patients were antibodies against eculizumab detected. All 
patients had at least one adverse event (AE), and one patient had a 
serious adverse event (SAE). No patient withdrew because of an 
AE. The most common AEs were flul ike symptoms (4 patients), 
sore throat (4 patients), pain (3 patients), nausea (3 patients), 
bruis ing (3 patients), cough (3 patients), and upper respiratory 
infection (3 patients). 

One patient experienced an SAE during the extension study 
characterized by neutropenia with exrrava cular hemolysis, which 
was thought to have been cau ed by a viral syndrome. Briefly, the 
patient had a 5-year history of PNH with aplastic anemia (with a 
normal neurrophil count) and had been on eculizumab therapy for 
14 months. A viral syndrome developed, and during the next 
several days hemoglobin levels dropped from 10.2 to 5.3 g/dL, 
whereas erum LDH levels increased only slightly. The patient 

Table 3. Changes In transfusion requirements during ecullzumab treatment 

Before study" 

Patient group Mean 

All patients 2.1 

Patients without cytopenia:j: 2.4 

Pti.its With cytopeniaf 1.8 

Transfusion rates are units per patient per month. 
- Indicates not determined. 
"Values during 52-week period before treatment. 

Median 

1.8 

2.0 

1.8 

Mean 

0.6 

0.2 

1.2 

tCompansons of median change from before study to the 64-week treatment period. 
iPlatelet count ~ 150 x 109/L; n = 6. 
§Platelet count < t 50 x 109/L; n = 5. 

Tranafualon ratH 

12 wk 64wk 

Median Me■n Median Pt 
0 .0 0.5 0.3 .001 

0 .0 0.2 0.1 

0.7 0.8 0 .7 
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received a transfusion of 4 U PBRCs: at the next study visit. the 
hemoglobin level had returned to I 0. 7 g/dL and the platelet count 
was normal. but the neutrophil count was abnormally low (260/ 
µL). Two weeks later. the neutrophil count had recovered to 
almost-normal levels ( 1600/µL). The investigator did not think the 
SAE was caused by the study medication. The patient remained 
transfu ion independent for the remainder of the extension study. 

Discussion 

We reported previously that eculizumab therapy in patients with 
PNH resulted in a dramatic reduction in hemolysis and transfusion 

requirements. The extension study was conducted to obtain long­
term data regarding eculizumab use in this patient population. Here 
we report the sustained efficacy and safety of eculizumab in a 
I-year, open-label extension study. 

Serum hemolytic activity in 9 of 11 patients was completely 
blocked throughout the 64-week treatment period. with trough 
levels o f eculizumab at equilibrium ranging from approximately 35 
µ g/mL to 350 µg/mL. One patient had a breakthrough of serum 
hemolytic activity during the acute-phase study. and another patient 
broke through early in the extension study. PK analysis of both 
breakthrough patients demonstrated a simultaneous decrease in 
eculizumab level below that required to completely block comple­
ment activity ( 2: 35 µ g/mL).9 Adjustment of the eculizumab 
dosing interval in these 2 patients from every 14 days to every 12 
days successfully sustained trough levels of eculizumab higher 
than 35 µ g/mL and consistently blocked serum hemolytic activity 
for the remainder of the extension study. The effective and 
consistent blockade o f complement achieved with the 12-day 
dosing interval was supported by the resolution of symptoms, 
including hemoglobinuria and dysphagia. and lower level of LDH 
and AST (Figure 4). Taken together. these data illustrate the tight 
relationship between complement blockade. hemolysis. and symp­

toms in P H. 
The dramatic reduction in LDH levels that was demonstrated 

immediately on the administration of eculizumab in the initial 
study was sustained during the extension study, providing strong 
evidence that eculizumab effectively and durably inhibi ts intravas­
cular hemolysis in patients with PNH . LDH levels were reduced 
from a mean of 3 11 0.7 IU/L during the 52-week period before 
treatment to a mean of 622.4 IU/L during the 64 weeks of 
eculizumab therapy. In addition, detailed analysis of PK and PD 
demonstrated a strong correlation between the return of comple­
ment activity, hemolysis, and an inc rease in LDH leve ls (Figure 4). 
These data confirm that LDH levels can be used as an accurate 
measure of intravascular hemolysis in PNH, and they provide 
evidence that effective complement blockade during eculizumab 

therapy can be determined by monitoring leve ls of this enzyme. 
LDH levels remained slightly e levated in most patient~ during 

eculizumab treatment, suggesting low levels of ongoing hemoly~is. 
Unde tectable haptoglobin levels and elevated bilirubin levels also 
support residual hemolysis in the midst of te rmina l complement 
inhibition. This may be altributed to ye1 unde fined, noncomplemcnt­
mediated mechanisms of PNH RBC c lear ance, as recen1ly de­
scribed.11 Alternatively, it is possible that a fraclion of PNH RB ~ 
is cleared through complement-mediated events before C5, such as 
a C3b coating and clearance. In this regard, s lightly e levated leveb 

of LDH have also been reported in a patient with coexiMent PNH 

and C9 deficiency. 12 
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The marked reduction in tran fusions demonstrated in the initial 
eculizumab study was sustained in the extension study. Further, 
patients who had good bone marrow reserve (those without 
cytopenia) showed greater reductioM in transfusion requirements 
than did patients who had hypoplasia (those with cytopenia). 
Importantly. 3 patient with hypoplasia who received transfusions 
during the acute-phase study were subsequently treated with 
erythropoietin during the exten,ion study. Two of the 3 patients 
responded with an increase in rcticulocyte counts and a further 
reduction in transfusion requirement~ (data 1101 shown). These data 
suggest that erythropoietin therapy in PN H patients with hypopla­
sia increases eryth ropuiesis and that concomitant eculizumab 
therapy protects agai nst increased hemolysis, with a resultant 
improvement in response. Three of 11 PNH patients remain 
transfusion independent after M weeks of cculizumab therapy. 

Interestingly, eculizumab therapy resulted in dramatic reduc­
tions in transfusion requirements even though hemoglobin levels 
and reticulocyte counts frequently remained fairly constant. How­
ever. before eculizumab treatment. hemoglobin levels in patients 
were artific ia lly maintained through regular transfusions of packed 
RBCs. Thus. stabilizatio n of hemoglobin levels with a concomitant 
reduction in or cessation o f transfusion likely represents a net 
increase in hemoglobi n levels. These data s uggest that the resolu­
tion of hcmolysis in patients wi th PNH results in a new steady state 
hemoglobin level. dete rmined by a combination of the extent of the 
unde rlying bo ne marrow dysfunction, the size of the type r□ RBC 
clone. and the new level ( if any) of transfusion requirement. 

There was a susta ined improvement in quality of life for 
transfusion-dependent PNH patients administered eculizumab, as 
measured by the EORTC QLQ-C30. Quality-of-life parameters 
that showed significant improvement include global health status. 
physical functioning, emotiona l functioning. role functioning. 
cognitive functioning. fatigue. dyspnea. in omnia. and pain. Im­
provements in quality-of-li fe parameters in PNH patients taking 
eculizumab wi ll be further investigated in subsequent placebo­
controlled trials. 

C linical assessment o f P H symptom not captured by the 
QLQ-C30 instrument , such as dy phagia, abdominal pain, and 
erectile failure, showed complete re o lution. or at least dramatic 
improvement, during eculizumab 1reatmen1. 13 These ymptoms 
have been shown to corre late with a large P H type LlI clone size. 
suggesting that they are re la ted to exce sive hemoly is. 14 In 
addition. these symptoms have been allributed to mooth muscle 
dystonia caused by the scaveng ing of nitric oxide by free plasma 
hemoglobin.1~· 18 The capacity of free pla!>ma hemoglobin 10 

scavenge nitric oxide during intrava!,cular hemolysi!> has been 
demonstrated in patient. with sickle cell anemia.1~ The relationship 
between levels of free plasma hemoglobin and nitric oxide in 
patients with P H remains to be elucidated. 

Thrombosis accounts for mo,1 death, in patient, ,... ith P. H. 
Studie!> have reponed a strong correlation be1,,een a large PNH 
type 111 neutrophil clone and the ocn1rrence of 1hrumbo,i,_ 14.~ Hall 
et a120 reported that in approximate!) +V'c of patienh ,, ith large 
PNH clones. venou!, thrumbo,i!, de , eloped 111 the fiN JO yem 
after diagnosis. The tendency toward thrumbo,i, in patien~ with 
PNH i, thought 10 be multifa-:torial in etiology. involving both the 
absence of C PI-anchored rnmplement inhibitor, on the ,urfaces of 
c in.:ula1ing platelets and the high level, of intrava,cular free pla:.ma 
hemoglobin with the consequent ,cavenging of nitric oxide. 1>.!1·0-' 

II i, rea,onable to hypothe,iLe that thrombo!,b re~ulting from e11her 
or both of the~e mechani,m, ~hould be reduced by terminal 

complement blockade. Although no thrombotic events occurred 
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during eculizumab treatment. 6 of the 11 patient were on warfarin 
therapy before and during the study. Further analyses and studies 
are required 10 investigate whether eculizumab reduces the risk for 

thrombosis in patients with P H. 
Eculizumab continued to be safe and well tolerated in the PNH 

extension tudy. o deaths occurred and no thromboses developed in 
lhis study. Each patient had at lca~I one AE: tlulike symptoms and sore 
throat were the most common. Evaluation of AEs in other placebo­
controlled eculizumab studies suggesL~ that the reported AEs in the PNH 
extension tudy were similar in type and frequency to those reported in 
other placebo treaanent groups. TI1e single SAE. transient neutropenia, 
was not thought by the principal investigator to be related to study 
medication: rather. it was thought to be the result of a viral ·yndrome. All 

patients chose to continue treatment in a second e xtension study, and 
evaluation of eculi"umab therapy in a broader population of PNH 
patients is under way. 

Results of thi I-year extens ion study showed that eculizumab 
therapy continues to be safe and well to lerated in PNH patients. 

Additionally. long-term comple ment inhibition with eculizumab in 

this patient population has resulted in sustained reductions in 
he molysis and blood transfusions and continued improvement in 

quality of life . 
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