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Eculizumab (5G1.1), a humanized mo11oc/011a/ antibody that 
prevents /Jre cleavage of human complement component CS into its 
pro-mjlammatory components, rs under development by ~lexwn 
a,; a polent,al treatment for several chronic inflammatory diseases, 
111clud111g rhe11matoul arthritis (RA) and nephritis [190673], 
{292328]. 111 January 2002, a phase /lb trial was initiated for RA 
/437814). Tltis trial was ongoing in April 2002, al which time, 
ec11/izumab was also in phase II trials for the treatment of 
membranous nepltn"tis and lupus nephritis, and in earlier stage 
c/i11ical trials for dermatomyositis and pemphigoid [446377). The 
co111pa11_11 rs also developing a single-chain version of this antibody, 
pexelr:mmab,for use m acute cardiovasrnlar indications [188760). 

(11 October 2000, eculiwmab was granted Orphan Drug status 
by the FDA for the treatment of dem1atomyositis {385057]. In 
Febr11ary 2002, the product received Orphan Drug designation 
for its 11sc in patients with membranous nephritis [440583). 

111 September 2001 , analysts at US Bancorp Piper /affray predicted 
ec1iliz11mab's launch for dermatomyositis and pemphigus in 2003. 
RA a11d nephritis in 2004, and chronic heart failure (CHF) after 
2006 /426537/. In March 2002, analysts at US Bancorp Piper 
Jaffray predicted that the product would /rave p~a~ worldwide sales 
ill RA of US $175 million and US $400 nllllloll for 11ephnt1s. 
Sales for lite RA illdicatio11 are predicted to reaclt US $35 million 
ill 2006, rismg to US $110 million in 2008, and US $10 million in 
2006, rising to US $50 million in 2008, in the US and the rest of 
the world, respectively. For tire nephritis/otlrer indication(s). sales 
are pegged at US $50 million in 2006, rising to US $200 million 
in 2008, a11d US $15 million in 2006, rising to US $100 million in 
2008, again III tire US and the rest of the world, respectively 
/446992). 

Introduction 
The complement system comprises more than 30 human 
proteins in plasma and on cell surfaces that interact in a 
cascade sequence to mediate a variety of inflammatory 
events. These events include the opsonization of particles for 
phagocytosis, leukocyte activation and assembly of the 
membrane attack complex (MAC) [435653), [435654], 
(435718), [445228]. The system is responsible for killing and 
removing organisms, cells and cell components from the 
circulation which are recognized as foreign. ln addition to 
host defense against bacterial agents, complement is 
involved in the disposal of immune complexes and the 
proclucts of inflammatory injury, and serves as an interface 
between innate and adaptive immunity [435653). 
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Several complement proteins are cleaved during activation of 
the complement system and three pathways of activation 
have been described; the classical, the alternative and the 
lectin pathways (435653). The pathways leading to the 
cleavage of C3 are triggered enzyme cascades. Downstream in 
these pathways, C3 is cleaved into C3a and C3b. C3a is 
released while C3b forms C5 convertases, which in tum 
cleave CS to CSa and CSb. Following complement activation, 
pro-inflammatory peptides, such as the anaphylotoxins C3a 
and CSa, are generated and CSb-9 (MAC) is formed. 
Assembly of the MAC from the terminal components (CS to 
C9) of the cascade leads to membrane damage. ln addition, 
complement activation products, especially the 
anaphylotoxins, elicit a number of biological effects, including 
chemotaxis of leukocytes, degranulation of phagocytic cells, 
mast cells and basophils, smooth muscle contraction and the 
increase of vascular permeability [435653), (445228), [445736). 

Under normal circumstances, the regulatory mechanisms of 
complement are balanced, so that the activation of 
complement occurs on the surface of invading microorganisms 
and the deposition of complement on normal celb and tissues 
is usually limited (435653), [445228). lf the mechanisms that 
regulate this baJance are abnormal, the complement system 
might then cause tissue injury (435656]. Excessive or 
inappropriate activation of the complement system can lead to 
harmful and life-threatening consequences which are 
secondary to severe inflammatory tissue de:,truction. These 
consequences can manifest clinically in a vanety of ways, 
including multiple organ failure, hyperacute graft rejection 
and septic shock [435656). Inappropriate complement 
activation and its deposifu>n on host cells can also lead to 
direct complement-mediated cell ly!>is of target structures, or 
indirectly to tissue destruction due to the generation of 
powerful mediators of inflammation (435653], (445228]. 

Complement plays an important role in the pathogenesis 
of many autoimmune and inflammatory diseases, 
including systemic lupus erythematosus {SLE), rheumatoid 
arthritis (RA) (435694), [445236] and dermatomyositis 
[445242]. It is also responsible for disease states associated 
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with bio-incompatibility, including transplant rejection 
[445249). In addition, complement activation plays an 
important role in the pathogenesis of cardiac and intestinal 
ischentia / reperfusion injury [445251). Other conditions in 
which complement activation has been proposed to play a 
role include stroke [445254], multiple sclerosis [445384], 
pancreatitis [445255), psoriasis [445272), Alzheimer's 
disease [445278] and prion-induced diseases [445286]. 

Therapeutic inhibition of complement is, therefore, potentially 
important in protecting against the development of certain 
di.!:.eases and it has been shown to be useful in animal models 
of sepsis, intestinal ischemia/reperfusion injury, myocardial 
reperfusion injury, nephriti!,, arthritis and graft rejection. 

Several complement inhibitors are currently under 
investigation (212463), (225318), [281110), [435656], [435722), 
[435723), [435725), (436916). Eculizumab (5Gl.1), under 
development by Alexion Pharmaceuticals Inc, is a 
humanized CS inhibitory monoclonal antibody (mAb) that 
prevents the cleavage of human complement component CS 
into its pro-inflammatory components and targets the 
complement components, C5a and CSb-9 [445382). As 
menhoned, the early steps of the complement cascade play 
an important role in the removal of infechous agents and 
several normal functions of the immune system. The 
rationale of specifically blocking CS is that the normal 
upstream disease-preventing functions of complement 
remain intact, while the production of the abnormal 
downstream disease-causing actions of complement are 
blocked. This antibody, therefore, potentially avoids the 
disruption of antibacterial-protective mechanisms, which are 
believed to be mediated primarily through C3b [438165]. 

Eculizumab is undergoing phase II clinical tria ls for a 
variety of chronic inflammatory conditions, and is being 
developed as a potential treatment for RA, SLE and 
nephritis [190673], [292328), [412090]. The drug is currently 
in phase 11 trials for nephritis and has completed phase 1/11 
trials in SLE and phase II trials in RA (328001), [335241], 
[335995), [396672). Eculizumab is also currently undergoing 
phase I trials for psoriasis and pemphigus [384948), and has 
been granted Orphan Drug status by the FDA for the 
treatment of dermatomyositis (385057), and membranous 
nephritis [440583]. 

Alexion has also developed a short-acting CS complement 
inhibitor that is a humanized single chain mAb fragment. This 
compound is known as pexelizumab (formerly SGl.1-SC) and 
it is being tested for the treatment of acute cardiovascular 
diseases associated with complement activation, including 
acute myocardial infarction (MI), unstable angina and 
revascularization/ reperfusion therapies. This drug was 
designed to have the advantage of enhanced tissue 
penetration, desirable for effective treatment of these acute 
life-threatening conditions [188760). Pexelizumab and 
eculizumab are currently in at least eight clinical development 
programs (435963). A phase m clinical study with 
pexelizumab in cardiopulmonary bypass patients has been 
initiated. ln addition, two large phase Il studies with 
pexelizumab in acute myocardial infarction (MI) patients are 
under way. Since pexelizumab has recently been evaluated, 
this review will focus primarily on eculizumab. 

Synthesis and SAR 
Humanized SGl.l, Fab and scFv molecules were produced by 
grafting the complementary determining regions of SGl.1 on 
to human framework regions [258884]. Competitive ELISA 
analysis indicated that no framework changes were required 
in the humanized variable regions for retention of high 
affinity binding to CS, even at framework positions predicted 
by computer modeling to influence CDR canonical structure. 
The humanized Fab and scFv molecules blocked complement­
mediated lysis of chicken erythrocytes and porcine aortic 
endothelial cells in a dose-dependent fashion. Complete 
complement inhibition occurred at 3-fold molar exces.s, 
relative to the human CS concentration. Humanized SGl.1 
scFv also effectively blocked CSa generation. In addition, 
intact humanized SGl.1 antibody blocked human 
complement lytic activity at concentrations identical to the 
original murine monoclonal antibody, indicating that 
humanized SGl.1 and its derivatives retained both the affinity 
and blocking functions of murine SGl.1 antibody [258883), 
[258884]. SGl.1 is supplied as a sterile, non-pyrogenic solution 
(2 mg/ ml) for iv injection [212467), [258884) and it has 
picomolar affinity for a sequence within human CS. SGl.1 can 
be administered either intramuscularly or subcutaneously, 
allowing self-administration [438165). 

Pharmacology 
Heart disease 
There is a growing body of evidence pointing to a substantial 
disease-promoting role of complement components in MI 
and unstable angina (445289]. Activation of the complement 
cascade in Ml patients is shown by elevated levels of 
activated complement byproducts in the blood of patients 
during acute MI and by the deposition of activated 
complement components in damaged heart tissue (445382]. 
Interestingly, terminal complement components play a key 
role in the apoptotic process in heart tissue during MI 
[241313), and blockade of the complement cascade at CS has 
been shown to substantially reduce myocardial apoptosis 
and tissue damage in rats [241313]. Complement activation 
was also found in patients undergoing cardiopulmonary 
bypass (CBP) [445311). This finding was associated with 
increased patient morbidity, including Ml, stroke, cognitive 
dysfunction and blood loss (445311]. 

Studies in primates demonstrated that inhibition of 
complement activation reduces heart damage associated 
with coronary isc.hemia and reperfusion in preclinical 
models. Furthermore, treatment of hypoxic/reoxygenated 
human umbilical vein endothelial cells (HUVECs) with 
h5Gl.1 scFv attenuated CSb-9 deposition, NFKB 
translocation and vascular cell adhesion molecule (VCAM)-1 
expression (353137]. 

Intestinal and Jung ischemia-reperfusion 
A recent study reported that anti-CSa therapy significantly 
improved intestinal isc.hemia-reperfusion tissue injury as 
well as lung injury in rats [445313). These results suggested 
that CS inhibition could also limit the complaints in the 
broader general surgery population as well as in patients 
with ulcerative colitis (357827] Interestingly, CS inhibition 
was associated with a significant reduction in tumor 
necrosis factor (TNF)a levels [357827). 
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Inflammatory arthritis 
Animals deficient in the complement component CS are 
not susceptible to the onset of active arthritis [363495). In 
the absence of CS cleavage, the presence of TNFa is not 
sufficient to promote arthritis. A recent study reported that 
administration of anti-CS mAb ameliorates the established 
collagen-induced arthritis in mice and rats [190673), 
[212456). Systemic administration of the anti-CS mAb 
effectively inhibited terminal complement activation in 
vivo and prevented the onset of arthritis in immunized 
animals. In addition, anti-CS mAb treatment was also 
highly effective in ameliorating established disease. These 
results suggested a critical role for activated terminal 
complement components, not only in the induction, but 
also in the progression of collagen-induced arthritis 
(190673], (212456]. 

Renal disease and lupus 
A CS inhibitor was administered in both an acute and rapid 
progressive glomerulonephritis (RPGN) model that normally 
leads to crescentic changes, the most common histological 
lesion observed in lupus nephritis. The inhibitor was also 
administered to the NZB/NZW Fl lupus-prone mouse model. 
CS inhibition prevented histological and clinical development 
of nephritis in the RPGN model and CS inhibitor 
administration in the lupus-prone mouse model reduced 
histologic and biochemical evidence of kidney disease. Survival 
at 10 months was markedly improved from 5% in placebo­
treated lupus-prone mice to 85% in CS inhibitor-treated lupus­
prone mice [190673), [232606], [280073). 

Hematological diseases 
CS inhibition has also been shown to prevent platelet loss in a 
model of idiopathic thrombocytopenic purpura (ITP) [392090]. 

Metabolism 
SGl.1 blocks complement activity for 1 to 2 weeks after a 
single do:,e (438165). 

Toxicity 
No toxicity has been reported in humans [228105), [392382) 
or rhe:,U!> monkey) [212462). Interestingly, a recent :,tudy 
reported that CS plays an important role in liver 
regeneration, strongly implicating the complement system 
as a crucial regulatory component of hepatic homeostasis. 
CS-deficient mice show severely defective liver 
regeneration and persistent parenchymal necr~is after 
exposure to CC,.. In addition, these mice show marked 
delays in the re-entry of hepatocytes into the cell cycle (S 
pha:,e) and diminished mitotic activity. Reconstitution of 
CS-deficient mice with murine CS or CSa significantly 
restores hepatocyte regeneration after toxic injury. 
Furthermore, blockade of the CSa receptor abrogates the 
ability of hepatocytes to proliferate in response to liver 
injury [445317). The role of ecuJizumab on hepatic 
regeneration is unclear at this point. 

CS is also known to mediate chemotactic and activation 
events that are the basis for granulomatous responses during 
murine tuberculosis. Mycobacterium tuberculosis-infected 
mice with natural deficiency in CS are unable to develop 
productive granulomatous responses, and are impaired in 
limiting organism growth within the lung [445321). 

Clinical Development 
Phase/ 
Rlzeumatoid arthritis 

Ecullzumab Kaplan 1019 

A phase 1/11, multicenter, double-blind, placebo-controlled, 
dose-escalating trial tested the role of eculizumab in 
ameliorating RA. The trial was designed to gather clinical 
data on the safety profile and biological effects of a single 
administration of eculizumab in RA. The preliminary 
analysis demonstrated that the drug was well tolerated and 
was associated with a significant reduction in disease 
activity in. these patients [445382). The safety and biological 
activity of the antibody was examined in 40 patients with 
mild-to-moderate RA, each of whom received a single dose 
of eculizumab (0.1 to 8 mg/kg). The drug was safe and well 
tolerated, and showed no detectable immunogenicity in the 
population studied. Furthermore, a single dose of 
ecuJizumab potently and rapidly blocked complement 
activity in a dose-dependent fashion for up to 2 weeks 
[353141). Complement inhibition after a single dose was 
associated with a beneficial clinical effect, with the highest 
dose (8 mg/ kg; n = 6) resulting in a significant 30% 
reduction in C-reactive protein levels, compared to placebo­
treated patients in which C-reactive protein increased by 
24%. Eculizumab was also associated with a trend in 
reductions in other measurement of disease activity, 
including tender joint count, swollen joint count, patients' 
global assessment of disease and patients' global assessment 
of pain [291142), [305950), [322159], [335241], [347452), 
[335995]. 

Systemic lupus erythematosus 
Alexion has completed preliminary analysis of the phase I 
study of eculizumab in SLE. The trial was designed to gather 
data on pharmacodynarnics, safety and biological effects of a 
single administration of the drug in SLE patients. 
Eculizumab was well tolerated and its administration was 
associated with significant reduction in the incidence of 
proteinuria. The phase I, double-blmd, placebo-controlled, 
dose-escalating trial examined the safety and biological 
activity of eculizumab in 24 patients with mild SLE, each of 
whom received a single dose of the antibody (0.1 to 8 
mg/kg). There was no detectable 1mmunogenicity in the 
patients s tudied and a single dose of antibody blocked 
complement activity in patients for up to 2 weeks. 
Admmistration of a single dose of 8 mg/ kg was associated 
with significant decrease in proteinuria [292328), (328001]. 

Dennatomyositis 
In 2001, Alexion completed a 2-month, phase I, pilot safety 
trial of eculizumab in 13 dermatomyositis patients with 
pers1Stent dermatomyositis, undergoing concomitant 
treatment with moderate doses of methotrexate or steroids. 
The patients were evaluated in either a placebo (n = 3) or a 
single drug treatment arm (n = 10). Drug treatment 
consisted of eculizumab (8 mg/kg/week iv) for 5 weeks and 
then 8 mg/kg every 2 weeks for up to 2 months. The 
patients were evaluated after 2 months of treatment for 
safety and for trends in clinical improvement. In this 
placebo-controlled, multicenter trial, the drug was safe and 
well tolerated and associated with an improvement in skin 
rash. Exploratory clinical measurements included clinical 
and laboratory assessments of skin rash and muscle 
strength. There were consistent trends in improvements 
with drug administration in subjective and objective 
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measurements of skin rash during the 2-month trial. While 
there was little baseline skin inflammation in the placebo 
group, a majority of drug-treated patients who completed 
the trial experienced an improvement of 2: 50% in their skin 
rash score [354030], [434351], [435888]. 

Pemphigoid 
Published observations have shown that clinical 
improvement of pemphigoid is associated with reduced 
levels of complement activation in the previously affected 
skin, further supporting the rationale for testing the CS 
inhibitor in this disease. Phase I trials of eculizumab in 
pemphigoid syndrome are ongoing [361798], [426537), 
(435888], but no data are currently available. 

Psoriasis 
A single-center, double-blind, placebo-rontroUed study was 
designed to evaluate the safety profile and clinical effects of 
eculizumab in severe psoriasis (352110]. In June 2001, Alexion 
completed a phase I pilot safety trial involving 40 psoriasis 
patients, which showed that the drug was well tolerated. 
Drug administration did not influence the clinical outcome as 
measured by Psoriasis Area and Severity Index (P ASD score, 
although favorable trends in certain measures of disease 
activity were observed. Drug administration dose­
dependently blocked hemolytic activity in the blood of treated 
patients and dose-dependently reduced deposition of 
activated terminal complement in psoriatic plaques [412091]. 

Phase II 
Rheumatoid arthritis 
In a phase II trial in 209 patients, eculizumab administration 
appeared to be safe and well tolerated and the adverse event 
profile was comparable to placebo. Patients were treated 
with placebo, eculizumab (8 mg/ kg iv) once per week for 4 
weeks and then once every month (induction/monthly 
group); eculizumab (8 mg/ kg iv) once per week for 4 weeks 
followed by once every 2 weeks (induction/biweekly 
group); or, eculizumab (8 mg/ kg iv) once every 2 w~ks 
(biweekly group). The results after 3 months of treatment 
showed that the induction/ monthly group met the primary 
endpoint of the trial (improvement in Ar(lencan College of 
Rheumatology response criteria score (ACR) 20 after 3 
months of treatment), while the induction/ biweekly and 
biweekly groups did not statistically meet the endpoint. The 
ACR20 response in the induction/ monthly group was 44% 
as compared to 18% ACR20 in the placebo group, by per 
protocol analysis. Both induction/monthly and 
induction/biweekly groups also met the secondary 
endpoint of changes in C-reachve protein after 3 months of 
therapy (429348). 

In patients with elevated CSb-9 levels over 200 ng/ ml, the 
ACR20 at 3 months of treatment were dose-dependent. The 
ACR20 result:; obtained in patients with elevated baseline 
CSb-9 levels were: placebo (9%); biweekly (33%); 
induction/ monthly (57%); and induction/biweekly (50%). 
Further data from this trial are to be released following 
unblinding (397163], (429348]. 

Alexion has also started a phase Ub trial in RA patients. The 
trial is designed to assess the safety and efficacy of 
eculizumab and to confirm the most efficacious dose 
regimen. The trial will consist of approximately 300 patients 

with mild-to-moderate disease who are being treated 
concomitantly with disease-modifying anti.rheumatic drugs 
such as methotrexate or leflunomide. The trial will consist of 
three treatment arms; patients wiU be treated with placebo; 
eculizumab (8 mg/kg/week iv) for 4 weeks and then once 
every month; or eculizumab (8 mg/kg/week) for 4 weeks 
and then bimonthly. The patients will be evaluated after a 6-
month drug phase for safety and efficacy, and the primary 
efficacy endpoint will be the ACR20 score (437814]. 

Systemic lupus erythematosus and nephritis 
In August 1999, Alexion initiated a phase II study with 
eculizumab in lupus patients suffering from membranous 
nephritis (335995]. The trial is expected to enroll 
approximately 40 lupus nephritis patients at four clinical 
sites in the US and has been designed to test the safety and 
biological efficacy of chronic administration of eculizumab 
for up to 6 months (412090]. In September 2001, Alexion 
expected phase II results to be available in mid-2002 
(426537). 

Side Effects and Contraindications 
In clinical trials to date, the drug was well tolerated and 
showed no detectable immunogenicity in the patients 
studied. No major adverse reactions have been reported. In 
the dermatomyositis trial, the most common side effects 
were headache and rash, and it appeared that these side 
effects were comparable to the placebo group. In the 
psoriasis trial, the most common side effects were headaches 
and unspecified pain. The most common side effects in the 
RA trial were comparable to placebo and included diarrhea 
and headaches (429348], (434351]. 

Patent Commentary 
In March 2002, Alexion was issued US-06355245 entitled 'CS­
specific antibodies for the treatment of inflammatory 
diseases.' The patent covers the composition of Alexion's 
lead drug candidates, eculizurnab and pexelizumab, and 
other CS-binding anti-inflammatory antibodies (443717]. 
W0-09529697, entitled 'methods and compositions for the 
treatment of glomerulonephritis and other inflammatory 
diseases' describes a method for the possible treatment of 
glomerular inflammation and enlargement, involving the 
administration of low dosages of anti-CS antibodies. WO-
09609043 describing a method for the treatment of 
established joint inflammation is claimed in which a CS 
blocker is administered. 

Current Opinion 
CS inhibitors appear to intervene at a point that allows 
preservation of the anti-inflammatory and antibacterial 
responses at the O level, while conceivably inhibiting the 
downstream disease-causing actions. Selective suppression of 
this immune response could certainly provide a significant 
therapeutic advantage compared to existing therapies. 
Eculizumab blocks the production of harmful complement 
components and appears to be promising for the treatment of 
various inflammatory diseases, including RA, SLE and a 
variety of conditions with skin involvement, induding 
dermatomyositis, pernphigoid and psoriasis. There are other 
conditions in which CSa seems to play an important role, 
including asthma and HIV infection, and these conditions 
might potentially become therapeutic targets in which CSa 
inhibition could be useful (445327], [445336]. 
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Since complement activation has both positive and negative 
effects, the risk associated with complement inhibition is 
probably not negligible and long term studies will be 
necessary to assess possible risks. In particular, a theoretical 
concern is the role that CS plays in hepatic regeneration and 
in combating granulomatous infections such as tuberculosis. 
Long term studies will determine whether CS inhibition 
could have deleterious effects in these processes. 

So far, limited animal and human studies have shown that 
eculizumab inhibits complement in a dose-dependent 
manner, is well tolerated and has no significant side effects. 
The results have been encouraging so far but more clinical 
trials are needed . There are still concerns that this drug does 
not block activation of the early stages of the complement 

system. This inhibitor allows the generation of C3a. While 
C3a is considered a less potent inflammatory molecule than 
CSa, the C3a receptor tissue expression appears to be much 
broader than originally expected [445349], [445352], and 
recent studies have shown that C3a can induce the 
production of inflammatory cytokines in a fashion similar to 
CSa [445354]. C3a could, in theory, play a significant role in 
inflammatory conditions and acute-phase response even 
after CS inhibition. Nevertheless, if clinical trials prove 
successful, this drug as well as pexelizumab, could have a 
broad range of applications where complement-mediated 
inflammation contributes to disease pathology. There are 
currently no biological therapies on the market with the 
actions and specificity of these drugs and eculizumab could 
have a very strong therapeutic potential. 

Development history 
Developer Country Status Indication Date 
Alexion Pharmaceuticals Inc us Phaseflciinical Rheumatoid arthritis 09..JUL-98 

Alexion Pharmaceuticals Inc us Phase fl clinical Nephritis 12-AUG-99 

Alexion Pharmaceuticals Inc us Phase I clinical Psoriasis 06-0CT-OO 

Alexion Phannaceuticals Inc us Phase I clinical Dennatological disease 06-0CT-OO 

Alexion Pharmaceuticals Inc us Phase I clinical Pemphigus 06-0CT-OO 

Alexion Pharmaceuticals Inc us 
Alexion Pharmaceuticals Inc us 

Literature classifications 
Biology 

Preclinical 

NOR 

Glomerulonephritis 29-JUL-97 

Systemc lupus erythematosus 11-APR-02 

Study Type Effect Studied Experimental Model Result 
In vivo Anti-arthritic effect. Collagen-induced 

arthritis in mice and rats. 
An anti-CS antibody both prevented the onset 
of disease and reduced established disease. 

In vivo Reduction in evidence of 
kidney disease. 

NZB/NZW F 1 lupus­
prone mouse model. 

An anti-CS antibody reduced both the 
histological and biochemical signs of nephritis, 
and increased survival to 85% at 1 o months. 

Metabolism 
Effect Studied Model Used Result 
Phannacokinelics. Complement activity. A single dose of eculizumab blocks complement activity 

for 1 to 2 weeks. 

Clinical 
Effect Studied Model Used Result 
Safety and efficacy. Phase I trial in 40 psoriasis Ecul.izl.fl'lab was well tolerated a"ld dose-dependently 

patients. redl.ced CO/Tl)lement activity in patients. Favorable trends 
were observed in PASI, atholJgh these were not significant 

Safety and efficacy. Phase I trial in 13 patients with Ecutizumab (8 mg/kg/week iv) for 5 weeks, then every 2 
persistent dermatomyositls. weeks fOf up to 2 months, was safe and well tOleratect. 

Drug treatment reduced skin rash score by ~ 50%. 

Safety and efficacy. Double-blind, placebo-controlled, Eculizi.mab (0.1 to 8 mg/kg) was safe and well tolerated, 
phase I, cJose.escalating trial in 24 and no detectable imrmmogentcity was observed. The 
palien1s with mild SLE. highest dose significantly reduced proteinuria. 

Safety and efficacy. Phase II trial in 209 RA patients. ~ procb:ed ACA20 in 44% <A Ile palienls treated. 
Advelse effecls were siTilar-, placebo, wit:, nausea and 
<larmea beilg Ile most common corTl)lainls. 

Safety and efficacy. Phase II trial in RA patients in whom A total of 57% of patients achieved ACR20 when treated 
the Cst>-9 leYel6 were > 200 fl9'ml. with induction/monthly trea1ment of eculizumab. 

Reference 
291142 

335995 

384948 

384948 

384948 

190673 

Reference 
190673 
212456 

232606 

Reference 
438165 

Reference 
412091 

434351 

328001 

429348 

429348 
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Associated patent 

Title Method for reducing Immune and hemostatic dysfunctions cllring 
extraCOIJ)Oreal circutatlOf'l. 

Assig..- Aleldon Pharm Inc 

Publication WQ-09525540 28-SEP-95 

Priority US-00217391 23-MAA-94 

Inventors Rollins SA, Smith BA, Squinto SP. 

Associated references 

188760 Anti-<:omplement MAbs in arthritis. SCRIP 1995 2065 26 

190673 Alexion complement Inhibitor shows efficacy In animal models of 
lupus nephritis; results presented at 1he American College of 
Rheumatotogy. AleXIOll Pharmaceuticals PRESS RELEASE 1995 October 25 
• 1111s press release documents the theoretical actJOnS of tJCUlrzumab and rts 
effectrveness in reducing hlsto/oglc and c/rnical develo()ment of nephrills m a 
munne model of lupus nephritrs. 

212456 Anti-CS monoclonal antibody therapy prevents collagen-induced 
arthritis and ameliorates established disease. Wang Y, Rollins SA, Madri 
JA, Matis LA PROC NATL ACAD SCI USA 1995 92 19 8955-8959 

212462 In vitro and In vivo Inhibition of complement activity by a single­
chain Fv fragment recognizing human CS. Evans MJ, Rollins SA, Wolff 
OW, Rother AP, Nonn AJ, Therrien OM, Gnjalva GA, Mueller JP, Nye SH, 
Squinlo SP 11tal MOL IMMUNOL 1995 32 16 1183-1195 
• This paper documenrs the effectJveness of the anti-CS monoclonal antibody 
(N19-8 scFv) at mhlbit,ng complement-<Jependent myocardral Injury in ISOiated 
moUSfl heart. In other studies, the ab1l1ty ol the antibody ro inhibit complement 
hemolytic actrvrty in mesus monkeys while being well tolerated at doses up to 
100 mg was documented. 

212463 Complement-specific antlbodln: designing novel 1ntl­
infl1mm1tories. Malls LA, Rollins SA NAT MED 1995 1 8 839-842 

212467 Rapid expression of an anti-human CS chlrn-,tc Fab utilizlng a 
vector that replicatn In COS and 293 cells. Evans MJ. Hanman SL, Wolff 
ow, Rollins SA, Squmto SP J IMMUNOL METHODS 1995 184 1123-138 
• 111,s paper descnl:les the generatlOfl and expression of the 5G1. 1-SC 
antibody 

225318 Anti-CS monoclonal antibody: a novel anti-inflammatory agent. 
EXPOPINTHERPA T 1996 611 1229-1230 

228105 Alexlon announces positive pl\lH I results with cs Inhibitor. 
Alexion Pharmaceullcals Inc PRESS RELEASE 1996 December 11 
• 1h1s press release reports on the abilrty of 5G I 1-SC to block complement 
act,vatJon after mtra11tm0us lldm1nistrat,on into healthy male volunteers 

232606 Amelioration of lupus-like autoimmune diuase In NZBIWF1 mice 
after treatment with a blocking monoclonal antibody 1peciflc for 
complement component cs. Wang Y. Hu O. Madri JA, Rollins SA, Chodera 
A, Matis LA PROC NA TL ACAD SCI USA 1996 93 16 8563-8568 
• This paper documents the effectJveness of an intact ant,-C5 antibody in 
reducmg glomerulonephnt1s and mcreasrng suMval m a munne model of 
system,c lupus usmg autoimmune mice. 

241313 N- cell suicide pathway discovered: Alexion CS lnhlbhor 
reported to block apoptosis during myocardial infarction. Alexion 
Pharmaceuticals Inc PRESS RELEASE 1997 Apnl 04 

258883 Safety, pharmacokinetics, and lmmunogenlclty of intravenous 
administration of hSG1.1-scFv in human■. Rtch JCK, Elefteriades JA. 
Matis LA, Evans MJ, R1nder HM, Rollins SA, Alford Bl, Hines RL JAM COU 
CARDIOL 1997 29 2 Suppl A 344A 

258884 lnhlbhlon of complement activity by humanized anti-CS antibody 
and alngla-chaln Fv. Thomas TC, Rollins SA, Rother RP, Giannoni MA, 
Hartman SL, Elliott EA, Nye SH, Matis LA, Squinto SP, Evans MJ MOL 
JMMUNOL 1996 33 17-18 1389-1401 

280073 Alexion Pharmaceuticals Inc. ANALYST REPORT1997 Seplembe( 24 

2811 10 Novel complement Inhibitors. Liszewski MK, Atkinson JP EXPERT 
OPIN INVESTIG DRUGS 1998 7 3 323-332 

291142 Alexion begins CS lnhlbhor cllnlcal trial for rheumatoid arthritis • 
alexlon mov• into cllnlc treating autoimmune Cllsordel' With aacond 
anti-Inflammatory drug candidate. Alexion Pharmaceuticals Inc PRESS 
RELEASE 1998 July 07 

292328 Alexion begins CS Inhibitor phase 1,11 clinical trlal for lupua • 
Alexion treating second autoimmune disorder with anti-Inflammatory 
drug candidate 5G1 .1. Alexion Pharmaceuticals Inc PRESS RELEASE 1998 
July 23 

305950 Drug development pipeline. DRUG DEV PIPELINE 1998 3 7 1 

322159 Alexion announcn poshlve cllnlcal reauhs from phaae 1/11 atudy 
of CS complement Inhibitor In rheumatoid arthritis patlenta. Alexion 
Pharmaceuticals Inc PRESS RELEASE1999 April 21 

328001 Alexion reports poaltlve resulta from phase I clinical trial of CS 
Inhibitor for systemic lupua. AlexlOf'l Pharmaceuticals Inc PRESS 
RELEASE 1999 June 15 

335241 Alexion initiates phaae II efficacy study of cs complement 
lnhibhor In rheumatoid arthritis patlenta. Alexion Pharmaceuticals Inc 
PRESS RELEASE 1999 August 04 

335995 Alexion initiates phaae II efficacy study of CS complement 
Inhibitor In kidney disease patients. Alexion Pharmaceuticals Inc PRESS 
RELEASE 1999 August 11 

347452 Alexlon's SG1.1 drug reduces clinical sign, and symptoms of 
rheumatoid arthritis in completed trial - results presented at 63rd Annual 
Meeting of the American College of Rheumatology. AleXJOO 
Pharmaceuticals Inc PRESS RELEASE 1999 November 15 

352110 Alexion starts clinical development with CS Inhibitor 5G1.1 In 
psorlaals patients. Alexion Pharmaceuticals Inc PRESS RELEASE 2000 
January 11 

353137 Endothelial nuclear factor~B translocatlon and vucular cell 
adtMslon molecule-1 Induction by complement: Inhibition with anti-tiuman 
cs lhenlpy or cGMP analogues. Collard CD, Agah A, Reenstra w. Buras J , 
Stahl GL ARTERIOSCLER THROMB VASC BIOL 1999 19 11 2623-2629 

35314 1 A alngle dose, placebo controlled, double bllnd, phase t study of 
the humanized anti-CS antibody hSG1 .1 In patienta with rheumatoid 
arthritis. Jain RI. Moreland LW, Caldwell JR, Rollins SA, Mojcik CF 
ARTHRITIS RHEUM 1999 42 9 Suppl sn 

354030 Alexion start■ clinical development with CS Inhibitor 5G1.1 In 
dermatomyosltia patients • CS Inhibitor targets inflammatory muscle 
disorder. AlexlOfl Pharmaceuticals Inc PRESS RELEASE 2000 February 01 

357827 Alexlon's anti-Inflammatory CS Inhibitor prevent■ organ damage 
associated with GI lachemla - Preclinical resulta extend potential 
efficacy of CS inhibitor therapy to treatment of complication, of general 
surgical l)focedures and ulcerative colhls. Alexion Pharmaceuticals Inc 
PRESS RELEASE2000 March Ot 

361798 Alexion starts clinclal development with CS Inhibitor 5G1.1 In 
pemphlgold patients • CS Inhibitor targets inflammatory akin disorder. 
AleXJOO Pharmaceuticals Inc PRESS RELEASE 2000 April 06 

363495 Alexion and Yale Sc:lenllsts demollS1rale th8I CS la required for 8CM 
arthritis. AJeJ(l()(l Phatmaceuticals Inc PRESS RELEASE '20CX! April 18 

384948 Alexlon Pharmaceuticals report■ fourth quarter and year end 
re■uhs. Alexion Pharmaceuticals Inc PRESS RELEASE 2000 October 05 

385057 Alexion receives orphan drug status for CS Inhibitor antibody 
SG1 .1 ln Clermatomy011t11 patlenta • Regulatory status provides for 
market exclusivity. Alexion PharmaceutJcals Inc PRESS RELEASE 2000 
October06 

392090 Alexlon's anti-Inflammatory CS Inhibitor prevents chronic 
autoimmune platelet dlaeaae • preclinical rHultl presented at American 
Society of Hematology. Alexion Pharmaceuticals Inc PRESS RELEASE 
2000 December 04 

392382 Pharmacology and blologlcal efficacy of a recombinant, 
humanized, alngle<haln antibody cs complement Inhibitor In patients 
undergoing coronay artary bypua graft surgery with cardiopulmonary 
bypasa. Fitch JCK, Rollins s. Matis L, Alford B, Aranki s, Collard CD, Dewar 
M, Elefteriades J, Hines R, Kopf G, Kraker P et al CIRCULATION 1999 100 
25 2499-2506 
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396672 Alexion reporta Initial analysl• of clinlcal safety and efficacy data 
from phase llb cardiopulmonary bypass trial: paxelizumab algnlficantly 
reduced composite of dNth Of' myocardial Infarction In CABG patients. 
Alexion Pharmaceuticals Inc PRESS RELEASE2001 January 23 

397163 Alexion report■ Interim analysis d clinical safety end efficacy 
data from phase II rheumatoid arthritis trial. AleXKlll Pharmaceuticals Inc 
PRESS RELEASE 2001 January 29 

412090 Alexion CommttncN phase II lupus nephritis clinical trial. AleXIOll 
Pharmaceuticals Inc PRESS RELEASE 2001 June 07 

412091 Alexion ennouncN completion of phase I psorla• I• pilot safety 
11udy. AleJOOn Pharmaceuticals Inc PRESS RELEASE 2001 June 07 

426537 Equity research note■: Alexion Pharmaceuticals Inc. Augustine M 
US BANCORP PIPER JAFFRAY INC 2001 September 27 

429348 Alexion Pharmaceuticals reports pre■entatlon of rnutts from 
phase II rheumatoid arthrttia trial at American College of Rheumatology 
meetings. Alexion Pharmaceuticals Inc PRESS RELEASE 2001 November 
14 

434351 Alexion complete■ phase I derm1tomyosltl1 pilot safety study. 
AleJOOn Pharmaceuticals Inc PRESS RELEASE 2001 December 20 

435653 Complement (first of two parts). Walport MJ NEW ENGL J MED 
2001 344 14 1058-1066 

435654 Complement (second of two parts). Walport MJ N ENGL J MED 
2001 344 15 1140-1144 

435656 Controlling the complement sy■tem In Inflammation. Kirschfink M 
/MMUNOPHARMACOLOGY1997 381-2 51~ 

435694 Complement activation and Inhibition in experimental models of 
arthritis. Linton SM, Morgan BP MOL IMMUNOL 1999 36 13-14 905-914 

435718 Complement and Innate Immunity. Song WC , Samas MR, Lamblis 
JD IMMUNOPHARMACOLOGY2000 49 1-217-25 

435722 Complement Inhibitors: a rnurgent concept In anti-inflammatory 
therapeutics. Sahu A, Lambris JO IMMUNOPHARMACOLOGY 2000 49 1-2 
133-148 

435723 C1 lnhlbitOI' In anti-inflammatory therapy: from animal 
experiment to clinical application. K1rschhnk M, Nurnberger W MOL 
IMMUNOL 1999 36 4-5 225-232 

435888 Alexion Pharmaceutlcal1 Inc. HAMBRECHT & QUIST 2002 
January 7-10 18 

435963 Alexion complete■ enrollment In first of two acute myocardial 
Infarction phase II trials with paxellzumab. AleJOOll Pharmaceubcals Inc 
PRESS RELEASE 2002 January 15 

437814 Alexion starts phaM llb trial of 5G1 .1 In rheumatoid arthriti■ 
patients. AleXJOn Pharmaceuticals Inc PRESS RELEASE 2002 January 29 

438165 Anti-inflammatory therapeutic• (part II), London, UK. Plasse TF 
/DOB MEETING REPORT2002 January 14-15 

440583 Alexion completn enrollment In phaM II membranou■ nephritis 
clinical trial with 5G1 .1. Alexion Pharmaceuticals Inc PRESS RELEASE 
2002 February 20 

443717 Alexion l■■ued key CS complement Inhibitor patent for 
inflammatory disease•. Alexion Pharmaceuticals Inc PRESS RELEASE 
2002 March 15 

445228 The complement ■y■tem. Mayer MM SCI AM 1973 229 5 54-66 

445236 Arthritis critaly dep■I !dent on Innate Immune ay■tem playera. Ji H. 
Otvnura K, Mahmood u, Lee OM, Holhuls FM, Boackle SA. Takahashi K, Holers 
VM, W~ M. Gerard C, EzekowitZ A el a/ /MMUNfTY2002 162157-168 

445242 The immunopathogenlc role of complement In human muscle 
disease. Mendell JR, Garcha TS. Kissel JT CURR OPIN NEUROL 1996 9 3 
226-234 

445249 Complement depo8ltion In renal allografts with early 
malfunction. Eggertsen G, Nyberg G, Nilsson B, Nilsson U, SValander CT 
APM/S2001 109 12 825-834 

Ecullzumab Kaplan 1023 

445251 Complement plays an Important role In gNtrlc mucoul damage 
Induced by lachemiaffperfulll In rats.. Joh T, lkai M, Os1wna T, Kurokawa T, 
Seno K, Yokoyama Y. Okada N, ltoh M UFE SC/200170 1100-117 

445254 The role of the complement cascade In l■chemlalreperfu■lon 
injury: Implications for neuroprotection. O'AmbrOSK> AL. Pinsky OJ, 
Connoly ES MOL MED 2001 7 6 367-382 

445255 The membrane attack complex of complement causes -­
dernyallnation auoclated with acute axonal injury. Mead RJ. Smghrao 
SK, Neal JW, Lassmann H, Morgan BP J IMMUNOL2002 1 168 458-465 

445272 Activation of complement In psor\a■is. Rosenberg EW, Noah PW, 
Sk1M8r RB CU N EXP DERMA TOL 1999 24 4 339 

445278 Complement in Alzheimer's dlaease: opportunities for 
modulating protective and pathogenic events. Tenner AJ NEUROBIOL 
AGING 2001 22 6 849-861 

445286 Complement facilitates early prion pathogene■ls. Klem MA, 
Kaeser PS. Schwarz P. Weyd H, Xenarios I. Zinkemagel RM. Carron MC. 
Verbeek JS, Botto M, Walpon MJ, Molina H 81 al NAT MED 2001 7 4 488-492 

445289 Complement and Its lmplle1tlon1 In cardiac 
ischemlalreperfusion: strategies to Inhibit complement. Monsmjon T, 
Richard V, Fontaine M FUN DAM CUN PHARMACOL 2001 15 5 293-306 

445311 Inhibition ct complement, neutrophll, and platelet activation by an 
lntl-factOI' 0 monoclonal antibody in aimulat8d cardiopulmonary bypau 
circuita. Fung M, Loubser PG, Undar A. Mueller M, Sun C, Sun WN, Vaug,n WK, 
FraserCD J 1HORACCAROIOVASC SURG 2001112 1113-122 

445313 Inhibition of complement CS reduces local and 1'9fflote organ 
Injury after intntinal ischemia/reperfuaion in the rat. Wada K. Montano 
MC, Stahl GL GASTROENTEROLOGY2001 120 126-133 

445317 A novel role of complement: mice deficient in the fifth 
component of complement (CS) exhibit Impaired liver regeneration. 
Mastellos D. Papa<limitriou JC. Franchini s. Tson1s PA, Lambns JO J 
IMMUNOL 2002 166 4 2479-2486 

445321 A role for complement CS In organism contanment and 
granulomatous re■ponse during murine tuberculo■ls. Actor JK, Bre11 E. 
Wetsel RA. Hoffmann H, Hunter AL. Jagannath C SCAND J IMMUNOL 2001 
53 5 464-474 

445327 Contribution of anaphylatoxin CSa to late airway rnponen after 
repeated exposure ol antig.,, to allergic rats. Abe M, Shibata K. Akatsu H, 
ShUlllZU N. Katsurag1 T, Okada H J IMMUNOL 2001 167 4651-4660 

445336 CSa and CSa(dHArg) enhance the ■usceptibillty of monocyte­
dertved macrophages to HIV infection. Kacari L, Banlo Z, Zwirner J. 
Schennach H, Bajtay Z, Erdei A, Stoiber H, Oiench MP J IMMUNOI. 2001 166 
5 3410-3415 

445349 Activated human T lymphocytes exprns a functional C3a 
receptor. Wertel T, Kirchhoff K, Wittmann M, Begemann G Kapp A, 
Hllldenreteh F. Gotze 0, Zwimer J J IMMUNOL 2000 165 11 6599-6605 

445352 Exprnslon of the complement anaphylatoxln C3a and CSa 
receptors on bronchial eplthellal and ■mooth mu■cle cells in model■ of 
■ep■I■ and asthma. Drouin SM, Kildsgaard J, Haviland J. Zabner J. Jia HP, 
McCray PB. Tack BF, Wetsel RAJ IMMUNOL 2001166 3 2025-2032 

445354 C3A bindll to the 88\1111'1 trans...-nbrane -phylatoxin receplOr 
expre■■ed by epithelial cell$ and triggers the production o( IL-8. MonSlnjOfl T, 
Ga~ P. lsd'lenko A. Fontaine M FE8S LETT2001 4'fl 3 339-346 

445382 Product pipeline. Alexion Pharmaceuticals Inc COMPANY WORLD 
WIDE WEB SITE 2002 April 03 http:/lwww.alexionmc.com/productsl 

445384 The membrane attack complex of complement cau■- Mvere 
demyelinatlon auociated with acute axonal injury. Mead RJ, S1nghrao 
SK, Neal JW, Lassmann NH, Morgan BP J IMMUNOL 2002 168 1 458-465 

445736 Complement Ruddy S KELLEY'S TEXTBOOK RHEUMA TOL (EDS 
RUDDY S HARRIS ED SLEDGE CB) 2000 6th Ed 185-192 

4463n Alexion completn enrollment in second of two acute myocardial 
Infarction phase II trial■ with paxenzumab. Alexion Pha~uticals Inc 
PRESS RELEASE 2002 April 08 

446992 Alexion Phannaceutlcals Inc: the IMdllr In complement 
Inhibition. Augustine ME us BANCORP PIPER JAFFRAY INC 2002 March 
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