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Conflitos de interesse

▪ Palestrante Síndrome Hemolítico Urêmica atípica para Alexion

▪ Consultora científica Glomerulopatia C3 para Apellis

▪ Esta não é uma aula patrocinada
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recovery

Deaths

Patients with ADAMTS13 activity > 5%
(N = 22)

Patients with ADAMTS13 activity < 5%
(N = 22)

*

A retrospective analysis of 44 patients undergoing PE/PI for the treatment of TMA  examined 

recovery time as determined by laboratory results

Among Patients With TMA Treated With PE/PI, 
Those With ADAMTS13 Activity > 5% Have Increased Rates of ESKD and 

Premature Mortality

*Of 21 patients with available data. 

Reference: 1. Pishko AM, et al. Blood. 2014;124(21):4192.
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Alternative Complement Pathway dysregulation

Noris M & Remuzzi G. N Engl J Med, 2009



Raina R et al. Cells, 2021 (10)



Atypical Uremic Hemolytic Syndrome (aHUS)
Target Therapy

Noris M & Remuzzi G. N Engl J Med, 2009
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Eculizumab aHUS Dosing Schedule

Q2W

2 weeks before 

induction
Week 1 2 3 4 5 6 7 8 9+

Neisseria meningitidis

vaccination

Soliris

Dose
900 mg 900 mg 900 mg 900 mg 1200 mg – 1200 mg – 1200 mg

40 kg and over 900 mg weekly  4 doses 1200 mg at week 5; then 1200 mg every 2 weeks (Q2W)

30 kg to <40 kg 600 mg weekly  2 doses 900 mg at week 3; then 900 mg Q2W

20 kg to <30 kg 600 mg weekly  2 doses 600 mg at week 3; then 600 mg Q2W

10 kg to <20 kg 600 mg weekly  1 dose 300 mg at week 2; then 300 mg Q2W

5 kg to <10 kg 300 mg weekly  1 dose 300 mg at week 2; then 300 mg Q3W

aHUS, atypical hemolytic uremic syndrome; Q2W, once every 2 weeks; Q3W, once every 3 weeks.

US Food and Drug Administration. Soliris (eculizumab) [prescribing information]. New Haven, CT: Alexion Pharmaceuticals, Inc., 2016.

Please See Summary of Product Characteristics for Soliris, including Special Warnings and Precautions for use. Alexion 2015. 

Administration

Eculizumab should be administered at the recommended dosage regime time points,

or within 2 days of these time points

Pretreatment Induction Phase Maintenance Phase 

aHUS Dosing Schedule for Adults (18 years of age)

aHUS Weight-based Dosing Schedule for Patients < 18 Years

Body Weight Induction Phase Maintenance Phase 



Study C09-001

Patients <12 years 

of age (N=15) 

Retrospective5

aHUS Registry M11-0018,9: 

treated and not treated

(Apr 2012–ongoing)

Long-term Follow-up Study 

C11-0036,7: 5 years

(Mar 2012– Dec 2017)

Study C10-0033

Pediatrics (N=22)

Study C10-0044

Adults (N=41)

Prospective (26 weeks)

A total of 100 patients in prospective clinical trials

Prospective1,2 (26 weeks)

Long-term extension studies1,2

86% (32/37) of patients continued 

chronic eculizumab treatment in 

extension studies 

Trial 1 (C08-002)

Adult/adolescent

Progressive TMA

(N=17)

Trial 2 (C08-003)

Adult/adolescent

Long disease 

duration and CKD

(N=20)

>1000 aHUS patients globally

aHUS, atypical hemolytic uremic syndrome; CKD, chronic kidney disease; TMA, thrombotic microangiopathy.

1. Legendre et al. N Engl J Med. 2013;368:2169–81. 2. Licht et al. Kidney Int. 2015;87:1061-73. 3. Greenbaum et al. Kidney Int. 2016;89:701-11. 4. Fakhouri et al. Am J Kidney Dis. 

2016;68:84-93. 5. Eculizumab Summary of Product Characteristics. Alexion Europe SAS, 2014. 6. Menne et al. J Am Soc Nephrol. 2015;26:458A. 

7. http://clinicaltrials.gov/show/NCT01522170. 8. Licht et al. BMC Nephrol. 2015;16:207. 9. https://clinicaltrials.gov/ct2/show/NCT01522183. 

Eculizumab Clinical Development Program 
(2011–Ongoing)

http://clinicaltrials.gov/show/NCT01522170
https://clinicaltrials.gov/ct2/show/NCT01522183


Hematologic Normalization Achieved With 
Ongoing Eculizumab
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26 Weeks

a95% CI. bThe 2 patients from C08-002 who did not achieve hematologic normalization at years 1 and 2 were those who withdrew from the study within the initial 26-
week treatment period. cMedian duration 64 weeks. dMedian duration 100 weeks. 
aHUS, atypical hemolytic uremic syndrome; CI, confidence interval; CKD, chronic kidney disease; LDH, lactate dehydrogenase; TMA, thrombotic microangiopathy.

1. Legendre et al. N Engl J Med. 2013;369(14):1379-80. 2. Licht et al. Kidney Int. 2015;87(5):1061-1073. 3. Greenbaum et al. Kidney Int. 2016;89(3):701-11. 4. Fakhouri et al. 
Am J Kidney Dis. 2016;68(1):84-93.

Hematologic normalization: Normal platelet and LDH levels (≥2 consecutive measurements, ≥4 weeks apart)
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In all studies, hematologic normalization was achieved regardless of the identification of a complement abnormality

C08-0021,2 (N=17):

Progressing TMA

C08-0031,2 (N=20):

Long Duration of aHUS 

and CKD
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Continued Improvement in eGFR Over 2 Years 
With Eculizumab Therapy

26-Week Treatment Extension TreatmentPretreatment Period

N = 3 171616 16 15 15 15 15 15 15 15 15 13 15 6 13 14 13 12 11      12         11      13        12       13        13 12        9        12        12      10         9          9         9     

*P≤0.05
†P≤0.01
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Legendre et al. N Engl J Med. 2013;369(14):1379-80. Licht et al. Kidney Int. 2015;87(5):1061-73

aHUS, atypical hemolytic uremic syndrome; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; TMA, thrombotic microangiopathy. 

26-Week Treatment Extension TreatmentPre-treatment Period

N = 20 20 20 202020 19 20 20 19 20 20 19 20 20 20 20 3 19 18 17        18        18      17        17      18        18       17  18       16       13       17       17      16         17       17       15

† *
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§
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†

*P≤0.05 ‡P≤0.001
†P≤0.01 §P≤0.0001

C08-002 (N=17): Progressing TMA

C08-003 (N=20): Long Duration of aHUS and CKD

Median (range) time from diagnosis to screening: 9.7 (0.3–235.9) months

Median (range) eGFR at baseline: 19 (5–59) mL/min/1.73 m2

Median (range) time from diagnosis to screening: 48.3 (0.7–285.8) months

Median (range) eGFR at baseline: 28 (6–72) mL/min/1.73 m2

Dialysis at 

baseline in 

6 (35%)

Dialysis at 

baseline in 

2 (10%)

Mean (SD) change from baseline at week 104:

37 (30) mL/min/1.73 m2 (P=0.0062)

Mean (SD) change from baseline at week 104:

8 (17) mL/min/1.73 m2 (P=0.0959)
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Sustained Improvements in Hematologic Markers of 
Complement-mediated TMA Followed by Continued Improvement 

in Renal Function with Ongoing Eculizumab Treatment

CKD improvement  1 stage

Weeks on ECU

LDH ≤ ULN

Platelet normalisation (platelet count  150  109/L)

Serum creatinine decrease ≥ 25%

eGFR increase ≥ 15 mL/min/1.73 m2
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CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; LDH, lactate dehydrogenase. 
Reference: 1. Licht C, et al. Poster presented at: 55th ASH Annual Meeting and Exposition; December 7-10, 2013; New Orleans, LA. Poster 2186.
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Long duration of aHUS and CKD (C08-003)



Kidney function in patients who stopped dialysis 

 

30 

30 

Figure 1 – eGFR at last follow-up of all patients treated with eculizumab who stopped dialysis (Adult Group n= 7; 
Pediatric Group n=10))  
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Vande Walle et al. J Nephrol. 2017;30(1):127-34

Earlier Eculizumab Initiation Leads to Improved 

Renal Recovery

• Retrospective analysis with pooled data from 4 prospective clinical studies

• Evaluated changes in eGFR in patients initiating eculizumab ≤7 days or >7 days after onset of 

last TMA manifestation

eGFR, estimated glomerular filtration rate; SE, standard error; TMA, thrombotic microangiopathy. 
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Eculizumab decreases progression to End 

Stage Renal Disease when compared to 

historical treatment in Adults and Children

Fakhouri et al. Lancet, Feb 2017

30-50% 9% 56-67% 6-15%



▪ No unexpected safety signals

▪ Most TEAEs were mild/moderate

▪ 1 death deemed unrelated to eculizumab (adult)

▪ 2 meningococcal infections (adults; both recovered)

▪ 1 patient had low positive values for human anti-human antibodies to 

eculizumab (pediatric)  

➢Overall, there has been no observed correlation of antibody 

development to clinical response or adverse events 

▪ Adverse events were reported with less frequency over time from week 

26 to the 2-year update in studies C08-002 and C08-003

aHUS, atypical hemolytic uremic syndrome; TEAEs, treatment-emergent adverse events.

1. Legendre et al. N Engl J Med. 2013;369(14):1379-80. 2. Licht et al. Kidney Int. 2015;87(5):1061-73. 3. Greenbaum et al. Kidney Int. 2016;89(3):701-11. 

4. Fakhouri et al. Am J Kidney Dis. 2016;68(1):84-93.

Safety Profile of Eculizumab in the 
100 Trial Patients With aHUS1-4



Subgroups of Patients and Specific Topics

Group/Topic
Available 

Evidence 
Results

Pediatric1 Clinical Trial2 and

Case Reports

• n=38 Case Reports

• Hematologic response to eculizumab ≈100%

• Kidney response to eculizumab ≈100%

Adults1 Clinical Trial3 and

Case Reports

• n=39 Case Reports

• Hematologic response to eculizumab ≈90%

• Kidney response to eculizumab ≈56%

Lack of response Case Reports
• Cobalamin C metabolism disease4

• Mutation c.2654G→A in C5 in patients with PNH5

Monitoring Ex vivo Assays
• Biomarkers of AP activity Noris et al6

• Not agreed upon

AP, alternative pathway; PNH, paroxysmal nocturnal hemoglobinuria.

1. Palma, Langman. J Blood Med. 2016;7:39-72. 2. Greenbaum et al. Kidney Int. 2016;89(3):701-11. 3. Fakhouri et al. Am J Kidney Dis. 2016;68(1):84-93. 4. 

Cornec-Le Gall et al. Am J Kidney Dis. 2014;63:119-23. 5. Nishimura et al. N Engl J Med. 2014;370:632-39. 6. Noris et al. Blood. 2014;124:1715-26.



Ravulizumab (Ultomiris)

▪ Ravulizumab differs from eculizumab by the
substitution of 4 amino acids, which alters the
pharmacokinetics and pharmacodynamics of the
molecule

▪ Mechanistically, these amino acid substitutions
promote endosomal dissociation of the ravulizumab-
C5 complex and result in lysosomal degradation of
C5, while allowing recycling of ravulizumab to the
vascular space due to enhanced affinity of
ravulizumab for the neonatal Fc receptor (FcRn) 

▪ These modifications resulted in a novel antibody
against C5 with a terminal half-life that is 4 times 
longer than that of eculizumab. 

▪ The molecule is thus designed to provide highly
specific C5 inhibition over extended dosing intervals.

Roth A et al. Blood Adv. 2018

C5

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6134221/






Anti-factor H 

IgG antibodies

▪ HUS-associated factor H autoantibodies (described 

mainly in children) mimic the effect of C-terminal factor H 

mutations, as they inhibit the regulatory function of factor 

H at cell surfaces by blocking its C-terminal recognition 

region

▪ Associated with CFHR1,3 mutations.

1 2 3 4 201

9

18171

6

15141312111

0

98765

Complement 

regulation

Ligand 

recognition

Autoantibodies to Factor H in aHUS Patients

Dragon-Durey et al., JASN, 2005;  Jozsi et al., Blood, 2007.

Hofer, Clin J Am Soc Nephrol 8: 407–415, 2013

Confidential – For Internal Use Only



aHUS in India

Krishnappa V. et al Therapeutic Apheresis and Dialysis, 2017

Raina R et al. Cells, 2021

259 patients with aHUS
▪ 54% at least 1 functional mutation

in a complement gene
▪ 21% Factor H
▪ 19% anti-Factor H antibody

Geographical Differences
▪ 5-25% in Europe
▪ ˜50% in South Asia
▪ May have therapeutic implications

Raina R et al. Frontiers in Immunology, 2022

Puraswani M et al. Frontiers in Immunology, 2019

781 patients < 18 y aHUS
▪ 55.8 % anti-Factor H antibody
▪ Titers correlate with outcome
▪ Impact on treatment



Pegcetacoplan 

(C3 Inhibitor)

• C3G

• IC-MPGN

• Recurrence 

after Kidney Tx

Iptacopan 

(Factor B inhibitor)

• C3G 

• aHUS

• IgAN

Danicopan 

(Factor D inhibitor)

• Paroxysmal

Nocturnal

Hemoglobinuria

(PNH)

Anti-complement Therapy – Initiation and Amplification

Clinical Trials in Brazil

ClinicalTrials.gov Search Results 09/21/2022

Richard B.P.,  Daniel R. Tipping the balance: intricate roles of the complement system in disease and therapy. Seminars in Immunopathology (2021) 

Narsoplimab 

(anti MASP2)

• C3G

• Lupus Neph

• MN

• IgAN

Courtesy of Dr. Silvana Miranda



Ravulizumab (anti C5)

• aHUS

• PNH

Crovalimab (anti C5)

• aHUS

• PNH

• Sickle cell disease

Nomacopan ( inibidor C5)

• TMA

Vilobelimab (anti C5a)

• Microscopic poliangiitis*

• Granulomatous poliangiitis*

Anti-complement Therapy – Effector Inhibitors

Clinical Trials in Brazil

Avacopan 

(antagonista C5aR1)

• C3G*

• Vasculitis*

• IgAN*

• aHUS*

* complete

* complete

ClinicalTrials.gov Search Results 09/21/2022

Richard B.P.,  Daniel R. Tipping the balance: intricate roles of the complement system in disease and therapy. Seminars in Immunopathology (2021) 
Courtesy of Dr. Silvana Miranda



Crovalimab – Mechanism of Action

PNH AND CROVALIMAB

Disease background and current treatment limitations

• Paroxysmal nocturnal hemoglobinuria (PNH) is a clonal, nonmalignant, 

hematologic disorder.1 

 – Mutation in the phosphatidylinositol glycan anchor biosynthesis class A (PIGA) 

gene affects the complement pathway, making erythrocytes susceptible to 

complement-mediated hemolysis.1

• Current standard of care for PNH consists of inhibition of complement activity by 

blocking complement component 5 (C5) with either eculizumab2 or ravulizumab.3

• Current treatment limitations include extravacular hemolysis, the need for large 

antibody doses, breakthrough hemolysis due to non-sustained C5 inhibition and 

the lack of effic

a

cy in pat ient s wi th C5  mu t at ional  var iant s 4,5

Crovalimab: a novel, optimized anti-C5 antibody

• Crovalimab, a novel antihuman C5 antibody, has been engineered with Sequential 

Monoclonal Antibody Recycling Technology–Immunoglobulin (SMART-Ig) (Figure 1).4,6-8

• SMART allows for: 

 – Reducing the drug amount required to achieve full complement inhibition through 

pH-dependent binding and target disposal.

 – Increasing half-life through antibody recycling and neonatal Fc receptor (FcRn) 

engineering.

Figure 1. Crovalimab properties and mechanism of action7,9

SNP, single-nucleotide polymorphism.

COMPOSER STUDY

• COMPOSER (NCT03157635) is a phase 1/2, four-part adaptive clinical trial to 

establish the pharmacokinetics (PK), pharmacodynamics (PD), and optimal dose 

of crovalimab that would completely inhibit C5 in patients with PNH (Figure 2).

• Crovalimab concentrations were measured using a validated enzyme-linked 

immunosorbent assay. 

• Free C5 concentrations were measured using a flu

o

r escent -based,  ligand-binding assay. 

• A population PK model was developed using all available data to describe the 

crovalimab concentration-time profil

e

s.

• Crovalimab PD was assessed by evaluating the extent and duration of terminal 

complement inhibition, quantifie

d

 usi ng a val idat ed,  funct ional , ex vi vo,  liposome  

immunoassay (LIA). 

• Relationships between crovalimab PK and PD were analyzed using graphic analysis.

Figure 3. Mean crovalimab exposure in patients with PNH

 

Red arrows indicate the start of qw, q4w, or q2w dosing.

Figure 4. LIA time course showing mean terminal complement activity 
Figure 5. Time course of free C5 concentrations after initiation of crovalimab in patients with PNH who were (A) treatment naive 
and (B) eculizumab pre-treated

60

40

20

0

L
IA

 (
U

/m
L

)

0 100 200 300 400 500 600
Time (days)

L
IA

, U
/m

L

10

L
IA

, U
/m

L

10

10 U/mL

0 100 200 300 400 500 600
Time (days)

10 U/mL

Time (days)

0 50 100 150 200 250

Time (days)

0 50 100 150 200 250

Loading doses: 375, 500, 1000 mg IV

Weekly dosing: 170 mg SC

Loading doses: 1000 mg IV

q4w dosing: 680 mg SC

Weekly dosing: 170 mg SC

q2w dosing: 340 mg SC

Treatment-naive patients with PNH
(n =  10)

Eculizumab-pretreated patients with PNH 
(n =  19)

0 50 100 150 200 250 300 350 400 450 500 550

150

100

50

0

Loading doses: 375, 500, 1000 mg IV

Weekly dosing: 170 mg SC

Treatment-naive patients with PNH
(n =  10)

Time (days)

0 50 100 150 200 250 300 350 400 450 500 550

Time (days)

Loading doses: 1000 mg IV

q4w dosing: 680 mg SC

Weekly dosing: 170 mg SC

q2w dosing: 340 mg SC

Eculizumab-pretreated patients with PNH 
(n =  19)

0.05

1.00

0 10 20 30 40 50 60 70 80 90 100

Fr
e
e
 C

5
 (

µ
g
/m

L
)

Time (days)

0.05

1.00

0 10 20 30 40 50 60 70 80 90 100

Fr
e
e
 C

5
 (

µ
g
/m

L
)

Time (days)

F
re

e
 C

5
 c

o
n

c
e

n
tr

a
ti

o
n

 (
μ

g
/m

L
)

(A) (B)

Red arrows indicate the start of qw, q4w, or q2w dosing. Red arrows indicate the start of qw, q4w, or q2w dosing.

Exposure-response relationship of the SMART-Ig anti-hC5 antibody crovalimab (SKY59):  
Results from the umbrella phase 1/2 COMPOSER trial in healthy volunteers and patients with PNH

Alexandre Sostelly,1 Simon Buatois,1 Antoine Soubret,1 Erica Winter,2 Barbara Klughammer,1 Joy C Hsu,2 Gregor Jordan,3 Christoph Bucher,1 Jean Eric Charoin,1 Keisuke Gotanda,4 Kenji Shinomiya,4 Zsolt Nagy,5 Jens Panse,6 Sung-Soo Yoon,7 Régis Peffault de Latour,8 Junichi Nishimura,9 Alexander Röth10

1Roche Pharma Research and Early Development, Roche Innovation Center Basel, Basel, Switzerland; 2Roche Pharma Research and Early Development, Roche Innovation Center New York, New York, NY; 3Roche Pharma Research and Early Development, Roche Innovation Center Munich, Munich, Germany; 4Chugai Pharmaceutical Co, Ltd, Tokyo, Japan;  
5Semmelweis Egyetem I.sz, Belgyógyászati Klinika, Budapest, Hungary; 6University Hospital RWTH Aachen, Aachen, Germany; 7Seoul National University Hospital, Seoul, South Korea; 8CHU Paris-GH St-Louis Lariboisière F-Widal Hospital, Paris, France; 9Osaka University Hospital, Osaka, Japan; 10 Department of Hematology, University Hospital Essen, Essen, Germany

61st ASH Annual Meeting & Exposition, December 7–10, 2019, Orlando, Florida, USA Abstract 3745

POPULATION PK MODEL TO DESCRIBE CROVALIMAB 

CONCENTRATION-TIME PROFILE

• The PK of crovalimab was best described by a two-compartment disposition model with fir

s

t -or der  

elimination and absorption (Figure 6). 

• To describe the PK in patients pretreated with eculizumab, elimination of crovalimab was modeled 

as a combination of the fir

s

t -or der  el imi nat ion used for  pat ient s wh o we r e treat me nt  nai ve and a 

faster clearance that decreases exponentially over time.

• Body weight was introduced using allometry on the clearances and volumes of the distribution.

M odel PK characteristics Eculizumab →  crovalimab

switch patients 

• Dose-proportional

exposure

• SC bioavailability

estimated at 100%

• Terminal half- l ife

estimated at 30 days

• Effective half- life

estimated at 22 days

CL

Depot

K
a

Q

Central
V2

Peripheral

V3

CL was modeled as a 

combination of the first-order 

elimination used for

naive patients and a faster 

clearance, which decreases 

exponentially across time.

The transient increase is 

predicted to have a limited 

impact on clearance at day 100.

RELATIONSHIP BETWEEN CROVALIMAB EXPOSURE, 

C5, AND COMPLEMENT ACTIVITY

• When the PK and PD data from Parts 1 to 3 of COMPOSER were pooled, crovalimab was shown 

to induce a concentration-dependent inhibition of free C5 (Figure 7A) and of serum hemolytic 

activity (Figure 7B) that closely correlated with terminal complement inhibition.

• At the crovalimab concentration of approximately 100 μg/mL, complete terminal complement 

inhibition was achieved (Figure 7B). 
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USE OF SIMULATIONS TO 

OPTIMIZE CROVALIMAB DOSING

• Simulated concentration-time profil

e

s of  the cr oval ima b  

doses administered in Part 3 (Figure 8) showed that 

the dosing regimen was potentially suboptimal in 

patients who switched from eculizumab to crovalimab, 

related to the transient formation of DTDCs. 

• These patients were transiently at risk of having 

crovalimab fall below the target concentration identifie

d

 

from the exposure-response characterizations.

• Based on PK modeling, an optimized dosing regimen 

is being evaluated in Part 4 of COMPOSER:

 – 1000 mg IV on day 1

 – 340 mg SC on days 2, 8, 15, and 22

 – 680 mg SC on day 29 and then q4w 

• With this optimized regimen, even patients who switch 

from eculizumab are expected to achieve the target 

crovalimab concentration needed for complete terminal 

inhibition of complement (Figure 9).
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CONCLUSIONS

• PK/PD analyses showed that crovalimab had dose-proportional exposure, 

100% bioavailability, and a terminal half-life of 30 days, enabling SC 

administration.

• Exposure-response characterization demonstrated the potential of crovalimab 

as an infrequently administered SC therapy for PNH.

• Approximately 100 μg/mL of crovalimab achieves complement inhibition.
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CROVALIMAB PK/PD IN PATIENTS WITH PNH

• Crovalimab exposure over time in patients enrolled in Parts 2 and 3 of COMPOSER is shown in Figure 3.

• Because eculizumab and crovalimab bind different C5 epitopes, switching from eculizumab to crovalimab induces formation of 

drug-target-drug complexes (DTDCs) consisting of crovalimab, C5, and eculizumab.

• In patients enrolled in Part 3 who were pretreated with eculizumab, a transient decrease in crovalimab exposure occurred due to the 

formation of DTDCs upon switching to crovalimab.

• DTDCs were observed in all Part 3 patients for approximately 10 weeks.

• The LIA assay showed rapid achievement of full complement activity inhibition when patients were dosed with crovalimab (Figure 4).

 – In all patients with PNH, complete complement inhibition (defin

e

d as LI A  < 10 U/mL, the lower limit of quantitation of the 

assay) was achieved immediately after the IV loading dose and was maintained across the different dosing intervals in the 

majority of patients (Figure 4).

• Complete inhibition of free C5 (defin

e

d as free C5  < 0. 05 μg/ mL )  was also achieved after crovalimab infusion and was maintained 

over time for all dosing intervals (Figure 5).

3

Endosome
3

Lysosome

v

2

v

4

Recycling 

receptor,

FcRn

C5 SNP

1
C5 1

 High-affinity binding

• Crovalimab is engineered to optimize binding of C5

in the plasma through affinity maturation.

2
 Preferential antibody uptake

(proprietary innovative engineering)

• Crovalimab charge is engineered to favor increased

endocytosis/ recycling of antibody bound to

two C5 molecules.

3
Acid-sensitive binding and antigen degradation

• Crovalimab is engineered to dissociate from C5 in

the acidic pH of the endosome.

• C5 is degraded in the lysosome.

4
Antibody recycling by FcRn engineering

• Crovalimab is recycled and returned to the plasma

through FcRn to extend its half- life.

• Binding to FcRn is optimized.
Adapted from Igawa T, et al. Biochim Biophys Acta.

2014;1844:1943-1950.
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17 yo, male, 3 episodes of TMA 
(1st at 6 months)

A - Reduplication of glomerular basement membrane and mesangiolysis - arrow (silver, x400); B - Corrugated and reduplication of glomerular basement membrane (Gömöri's trichrome, x400); C - Intimal thickening of small artery (periodic acid–Schiff, x400); D - Immunofluorescence microscopy shows arterial wall staining for C3 (x400). 

A B

C D

2016

A - Corrugated and reduplication of glomerular basement membrane and mesangial expansion -(silver, x400); B - Glomerular mesangial expansion (hematoxylin and eosin, x400); C - Intimal thickening of small artery (silver, x400); D - Immunofluorescence microscopy shows arterial wall staining for C3 (x400).

A B

C D

2018
De Holanda et al, Clinical Kidney Journal, 2019

Eculizumab



Figure 3. Family pedigree. Index case (II-1) developed first symptoms of aHUS at six months. His 
genetic diagnosis prompted the analysis of the family members, uncovering the presence of the 
variant p.356AspLysfs*6 (c.1069_1071del) in all of them.

I

II

1 2

1 2

Homozygous

Heterozygous

Legend

Index case

DGKe – p.356AspLysfs*6 (c.1069_1071del) 

17 yo, male, 3 episodes of TMA 
(1st at 6 months)

De Holanda et al, Clinical Kidney Journal, 2019





Palma L et al, Archives of Ped, 2023



Ardissino G  et al. AJKD, 2014



220

64

12

Stayed on treatment

Discontinued

Discontinued and restarted

Macia M et al. CKJ. 2016

3. The global aHUS Registr y

– 28 (24%) patients aged <18 years 

discontinued, of whom 7(25%) 

restarted eculizumab treatment

– 48 (27%) adult patients discontinued 

and 5 (10%) subsequently restarted 

eculizumab treatment



Pathogenic Variants in Complement Genes and Risk 

of Atypical Hemolytic Uremic Syndrome Relapse After 

Eculizumab Discontinuation

Fadi Fakhouri, Marc Fila, François Provôt, Yahsou Delmas, Christelle Barbet, 

Valérie Châtelet, Cédric Rafat, Mathilde Cailliez, Julien Hogan, Aude Servais, 

Alexandre Karras, Raifah Makdassi, Feriell Louillet, Jean-Philippe Coindre, 

Eric Rondeau, Chantal Loirat, and Véronique Frémeaux-Bacchi

CJASN. 2016. [Epub ahead of print]

doi: 10.2215/CJN.06440616



Risk of “Relapse” After Discontinuation by Identified Variant

Kaplan–Meier estimate of atypical hemolytic uremic syndrome (aHUS) relapse-free survival after eculizumab discontinuation in patients with pathogenic 

variants in complement factor H (CFH) or membrane cofactor protein (MCP) or no detected pathogenic variants in complement genes.
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Eculizumab discontinuation in children and adults with atypical 
haemolytic uremic syndrome: a prospective multicentric study

Fakhouri F et al. Blood. 2021 May 6;137(18):2438-2449

Prospective
55 patients

19 pediatric 36 adults

6 recurrences
(31%)

7 recurrences
(19%)

All patients with AKI on recurrence
2 progressive CKD

RISK FACTORS FOR RECURRENCE:
- Pathogenic variant

- Female
- Elevated sC5b-9 at discontinuation
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Eculizumab and biomarkers – pivotal studies

Cofiell R et al. Blood, 2015: 125 (21)
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In patients with aHUS, there is complement deposition 
on activated endothelial cells with or without overt 

TMA1

Noris M et al, Blood, 2014c
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*C5b-9 deposition on activated endothelial cell is a test of complement activation in patients with aHUS

Adapted from Noris et al., 
Blood, 2014
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*Dotted horizontal areas: Range of C5b-9 deposition induced by healthy control serum (mean+/-SE)

1. Noris M et al, Blood, 2014
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In patients with aHUS, there is complement deposition 
on activated endothelial cells with or without 

mutations1



Serum from healthy carriers of complement gene mutations induces C3 and C5b-9 deposition 
on ADP-activated microvascular endothelial cells (HMEC-1). 

Marina Noris et al. Blood 2014;124:1715-1726

©2014 by American Society of Hematology



Approach to TMA management according to evidence of 
complement involvement

TMA

TTP STEC-HUS

aHUS

Other TMA-related
diseases

Complement +

Complement 
inhibitor

Early initiation

Secondary TMA

Complement +

Consider early
initiation of 

complement 
inhibitor if 
significant 

organ 
dysfunction

Complement -

Treat 
underlying 
condition

and consider 
complement 

inhibitor
if refractory to 

standard therapy

Complement -

Treat 
underlying 
condition

Palma L., Sridharan M., Sethi S. et al. Kidney International Reports, 2021

Complement +:
▪ Genetics: pathogenic/likely pathogenic variant 

or risk haplotype in alternative complement 
pathway genes

▪ Antibody: autoantibodies to complement 
factors (mainly anti-Factor H and anti-Factor B)

▪ Functional Assays: fluid vs. solid
▪ Biopsy: C4d, C5b-9?
▪ Proteomics: may be the answer to precision 

medicine in order to determine the complement 
pathway and burden



História clínica

▪ Sexo feminino, 18 anos, sem doenças prévias

▪ 1 mês antes da internação na Nefrologia apresentou febre, dor abdominal difusa, 

náusea, vômitos e disúria.

▪ UPA - Iniciou cefalexina por 14 dias – após o tratamento apresentou rash difuso, 

petéquias e oligúria.

▪ Emergência do HFB em 07/05/14 – trombocitopenia, anemia e IRA

▪ Iniciou hemodiálise

De Holanda, Palma et al. Clinical Rheumatology, 2017 Sep



Investigação e diagnóstico

▪ Hematúria e proteinúria

▪ Creatinina: 4,8 mg/dL; Ureia: 191 mg/dL

▪ Plaquetas: 50.000/mm3

▪ Hemoglobina: 6,2 g/dL

▪ LDH 946 U/L

▪ Coombs negativo

De Holanda, Palma et al. Clinical Rheumatology, 2017 Sep



Investigação e diagnóstico

▪ Sorologia para hepatite – negativo

▪ Anti-HIV negativo

▪ C3- 21 (90-180)

▪ C4- 5 (10-40)

▪ FAN- positivo 1:1280

▪ Anti-DNAds – positivo 1:40

▪ VDRL negativo

▪ Sangue periférico – esquizócito 1+

▪ USG rins e vias urinárias: normal

De Holanda, Palma et al. Clinical Rheumatology, 2017 Sep



LES e Microangiopatia Trombótica (MAT): 
Diagnósticos Diferenciais

LúpusSAAF

Lúpus +   
MAT

PTTSHUa

?HAS
Maligna

HM: hipertensão maligna; SAAF: síndrome do anticorpo antifosfolipídio; PTT: púrpura trombocitopênica trombótica; SHUa: síndrome hemolítico urêmica atípica
Slide M. Izabel de Holanda



ADAMTS 13 <10%

Acquired 
(97%)

Idiopathic

Antibody+ 
(94%)

Antibody-
(6%)

Non-
Idiopathic

Antibody+ 
(58%)

Antibody-
(42%)

SLE, APLS, Sjogren, cancer, 
pregnancy, BMT, HIV, 

drugs

Inherited 
(3%)

N = 772

Mariotte E, et al. Lancet Haematol 2016;3:e237-e245.



Investigação e diagnóstico

▪ Sorologia para hepatite – negativo

▪ Anti-HIV negativo

▪ C3- 21 (90-180)

▪ C4- 5 (10-40)

▪ FAN- positivo 1:1280

▪ Anti-DNAds – positivo 1:40

▪ VDRL negativo

▪ Sangue periférico – esquizócito 1+

▪ USG rins e vias urinárias: normal

▪ ADAMST13 – 58 %

De Holanda, Palma et al. Clinical Rheumatology, 2017 Sep



A combinação de fatores leva à trombose na SAAF

Maria Izabel de Holanda

Anticorpos contra um grupo 

heterogêneo de proteínas ligantes 

a fosfolipídios

• Cardiolipina

• Beta2 glicoproteína 2

• Protrombina

• Anticoagulante lúpico

Ali Nayer et al, 2014;2-Saigal et al, 2010



Investigação e diagnóstico

▪ Sorologia para hepatite – negativo

▪ Anti-HIV negativo

▪ C3- 21 (90-180)

▪ C4- 5 (10-40)

▪ FAN- positivo 1:1280

▪ Anti-DNAds – positivo 1:40

▪ VDRL negativo

▪ Sangue periférico – esquizócito 1+

▪ USG rins e vias urinárias: normal

▪ ADAMST13 – 58 %

▪ Anticorpos antifosfolipídios – negativos

▪ Anticorpos anticardiolipina – negativo

De Holanda, Palma et al. Clinical Rheumatology, 2017 Sep



Diagnóstico e manejo inicial

▪ Lupus eritematoso sistêmico + microangiopatia trombótica

▪ Metilprednisolona IV 1g x 3 dias (2 ciclos)

▪ (19/20/21 maio – 26/27/28 maio)

▪ Ciclofosfamida 1 g IV (22/05)

▪ Plasmaferese 5 sessões

▪ Micofenolato/azatioprina

▪ Sem biópsia (trombocitopenia)

De Holanda, Palma et al. Clinical Rheumatology, 2017 Sep



Evolução da paciente

▪ 55 dias depois de iniciar imunossupressão:

▪ IRA – oligoanúria

▪ Anemia (Hemoglobina: 6,6 g/dl)

▪ Plaquetas 81.000

▪ LDH > 1000

▪ Haptoglobina < 6

▪ Biópsia renal (15/07)

De Holanda, Palma et al. Clinical Rheumatology, 2017 Sep



Nefrite Lúpica classe IV e Microangiopatia Trombótica

De Holanda, Palma et al. Clinical Rheumatology, 2017 Sep





Genética das doenças glomerulares imunes:
foco no complemento 

Variações no gene do complemento associadas a IgAN e Nefrite Lúpica

IgAN Gene Variante/Anormalidade Principal efeito Impacto Frequência

- CFH
c. 1696+2019ª (c. 1696 + 
2019G > A, rs 6677604)

/ Protetor SNP comum

- CFHR1/CFHR3 Deleção Menor competição com FH - -

- CFHR5 Raras variantes funcionais Aumento da competição com FH Risco 9%

NL - Anormalidade - - -

- CFH Mutações homozigóticas
Comprometimento da fase fluida da via alternativa (AP) de
regulação do complemento

Patogênica Muito rara

- CFHR1/CFHR3 Deleção Anticorpos anti-FH? Hiperatividade da célula B? Risco Deleção comum

- CFI Mutações homozigóticas
Comprometimento da fase fluida de regulação do 
complemento

Patogênica Muito rara

- C1Q, C1R, C1S Mutações homozigóticas Deficiência de C1; sem ativação da via clássica (CP) Alto risco de LES e NL Rara

- C4A, C4B Mutações homozigóticas
Deficiência de C4; sem ativação da CP nem da via da lectina 
(LP)

Alto risco de LES e NL Rara

- C2 Mutações homozigóticas Deficiência de C2; sem ativação da CP nem da LP Risco de LES e NL Rara

Marina Noris PhD, Giuseppe Remuzzi MD
Seminars in Nephrology, Vol 37, Nº 5, September 2017, pp 447-463



Genetic Analysis of the patient with SLE 
and TMA



Evolução da paciente

▪ 11/08 - paciente recebeu alta após 1 semana fora de hemodiálise

▪ 10/03 - Boa qualidade de vida – tratamento de LES e eculizumabe 2x por mês (Cr: 2,3)

▪ Agosto/2016 – nova biópsia renal – sem atividade de doença, proteinúria residual (Cr: 2,3)

▪ Janeiro 2017 – Cr: 2,5 mg/dL; proteinúria em torno de 1,2 g/24h

12/07 16/07 17/07 02/08 04/08 11/08 10/03

Hemoglobina 6,6 4,5 7,9 8,0 8,5 10,6 10,6

Plaquetas 81.000 98.000 79.000 172.000 183.000 146.000 215.000

Diurese (mL) 100 350 710 880 1.375
1.310
Cr: 2,3

2.000
Cr: 2,3

Eculizumabe 
12/07

Eculizumabe 
18/07
25/07
01/08

Eculizumabe 
11/08

De Holanda, Palma et al. Clinical Rheumatology, 2017 Sep



Coppo et al. 
Pediatr Nephrol, 
2015

4 yo fem SLE & nephritis
TMA, cardiovascular, neurologic 
and pulmonary
GT negative
No response to rituxumab

Rapid disapperance of TMA
Hemato and kidney 
normalization
TMA recurred after 
eculizumab stopped –
resumed with improvement

El Husseini et 
al. Am J Kidney 
Dis, 2015

24 yo fem SLE and TMA 
(clinical and biopsy)
No response to 
cyclophosphamide, PE and 
steroids

Complete normalization in 
six months of eculizumab
treatment
Discontinued

Hadaya et al. 
Am J Transplant, 
2011

27 yo fem ESRD and SLE
TMA on biopsy
GT negative
TMA persisted after Ktx, no 
response to PE

Complete improvement with 
eculizumab

Asif J et al. J Nephrol, 2016



Complement Genetics in TMA

Genetic abnormalities 
in complement proteins

Primary Secondary

TTP aHUS

No
<1%

Yes
~50-60%
(+ ~10% 

autoantibody)

Malignant 
hypertension

Yes
~50%

Drugs Autoimmune
diseases

Infections

No
No

<10%

Yes
variable

Palma L., Sridharan M., Sethi S. et al. Kidney Int Reports, 2021



Brazilian aHUS Registry
comdora-sbn.org
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