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L’autore dichiara l’assenza di conflitto di interessi 
in relazione al contenuto della seguente 

presentazione 



Primary Thrombotic Microangiopathy (TMA) Syndromes.

George JN, Nester CM. N Engl J Med 2014;371:654-666.



Lapeyraque AL et al . N Engl J Med. 2011 Jun 30. 364(26):2561-3.

Kielstein JT et al. Best Nephrol Dial Transplant. 2012 Oct. 27(10):3807-15.
Menne J et al. BMJ. 2012 Jul 19. 345:e4565.
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Primary Thrombotic Microangiopathy (TMA) Syndromes.

George JN, Nester CM. N Engl J Med 2014;371:654-666.



Any patient suspected of having aHUS 

needs to be transferred to a specialized 

centre (Nephrology or if necessary 

Critical Care) where management of acute 

renal failure and hypertension, the various 

techniques of dialysis and plasma 

exchange (PE) are daily practice.

Management



Platelets infusions: contra-indicated,

 Might worsen the TMA process

 Unless the patient is bleeding (exceptional)

 When a surgical procedure at risk is 

performed

Vascular access 

 Central catheter (dialysis and PE) 

HD

Supportive treatment



Treatment

Replace deficient gene 
products

Plasma infusion

Solubile recombinant
forms of C regulatory

proteins

Liver transplantation

Eliminate 
Autoantibodies and/or 

mutant proteins

Plasma Exchange

Immunosoppression

Inhibit Complement
activation

Eculizumab (C5)

Pexelizumab (C5) (?)

Inhibition C3 
convertase

* Compstatin

* mAb that binds C3b

* Soluble CR1



Noris M et al. Clin J Am Soc Nephrol 2010, 5:1844-1859.
Clark W. Semin Dial 2012;25:214-19

Plasmatherapy





Clark W. Semin Dial 2012;25:214-19



Emerging 
Therapy 

Eculizumab



Murine Myeloma  Cells 
IgG 2/4 k

Rother R al. Nat Biotechnol. 2007; 25:1256-1264. 



Rother R al. Nat Biotechnol. 2007; 25:1256-1264. 



Administration schedule 
Adult

 900 mg (intravenous over 30 minutes),  weekly for 4 
weeks (a total of 4 injections at weekly interval), 

 Then 1200 mg for the fifth injection and then every 14 
days as maintenance treatment on the long term. 

These doses induce eculizumab circulating trough levels 
> 35 μg/mL that consistently block terminal complement 

activation.

> 35 μg/mL in PNH and > 50 μg/mL in aHUS 



ECULIZUMAB & AHUS

2009-2013



Trial 1 = 17 pts

Progressing TMA

PLT<150.ooo/ml) 

≥4 PE/PI sessions in the wk
before screening 

Evidence of hemolysis

Impaired renal function 

82% normal PLT

88% TMA event-free

Improvement CKD > 1 
stage

Trial 2 = 20 pts

No PTL decrease >25% during 
the 8-wk observation period

≥1 PE/PI sessions every 2 wk, 
but  ≤3 times per wk for ≥8 wk

Evidence of hemolysis

90% normal PLT

80% TMA event-free

Improvement CKD > 1 stage 





Kidney International (2015) 87, 1061–1073

In conclusion, 2-year analyses of these trials 
demonstrated that longer-term eculizumab therapy 
maintained inhibition of complement activity, TMA, 
and improvements in hematologic parameters and renal 
function. Furthermore, eculizumab continued to 
prevent progression to end-stage renal disease in the 
majority of patients with aHUS



1398 citations
1218 excluded
189 articles examinated
176 excluded
3 examinated
2 NEJM
1 retrospective single arm study *

* Simonetti GD et al.  Pediatr Nephrol 2011; 26:1663

2013 Nov 4;3(11):e003573. doi: 10.1136/bmjopen-2013-003573.



BMJ Open 2013;3:e003573.doi:10.1136/bmjopen-2013-003573



26-week, open-label, non randomized, single-group, multicenter,
trial of eculizumab in adult patients with aHUS in which patients 
could continue to receive eculizumab in an extension phase

23 centers in North America and Europe.

41 adult pts were treated; 
38 (93%) completed the initial 26-week clinical study period
21 (51%) continued treatment of 1 year during the optional 
extension period

BLOOD, 21 MAY 2015 x VOLUME 125, NUMBER 21



Terminal complement inhibition with 
eculizumab treatment markedly reduces 
inflammation and coagulation and decreases
endothelial activation and renal damage



Soliris Side Effects
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back pain 

Nausea/vomiting

hypertension

upper respiratory 
tract infection

diarrhea

urinary tract 
infection

leukopenia

anemia



Neisseria meningitis infection

Blockade of the complement terminal pathway 
induces an increased risk of Neisseria meningitis 
infection .

Patients must receive vaccination against Neisseria 
meningitis before being treated with eculizumab .

Permanent antibioprophylaxis 

Vaccination : A, C, Y, and W-135 strains              MENVEO
Serogroup B               BEXSERO   



Discontinuation of Eculizumab?

3* of the 10 patients experienced relapse

Recovery with resumed treatment

Ardissino GL et al. AJKD 2014;64:633-7

Ardissino GL et al. AJKD 2015;66:172

Discontinuation of Eculizumab Treatment in Atypical Hemolytic Uremic 
Syndrome: An Update

Discontinuation of Eculizumab Maintenance Treatment for 
Atypical Hemolytic Uremic Syndrome: A Report of 10 Cases

5 of the 16 patients experienced relapse

Recovery with resumed treatment

Discontinuation of Eculizumab Maintenance Treatment for Atypical 
Hemolytic Uremic Syndrome

Wetzel JF van de Kar NC. AJKD 2015;65:342

1 of the 3 patients experienced relapse
CFH mutation in exons 19 or 20: more prone to recurrence

*Mutations:
1) CFH; 2)CFH,CHI, THBD
3)CFHR3/R1 – anti CFH



Therapeutic drug
monitoring of 
Eculizumab



Blood. 2014;124(11):1715-1726

“In 8 eculizumab-treated aHUS patients, C3/SC5b-9 circulating levels did not 
change post eculizumab, whereas serum-induced endothelial C5b-9 deposits 
normalized after treatment, paralleled or even preceded remission, and guided 
drug dosing and timing”.



Nine adult patients who received eculizumab for aHUS or PNH

Measurement of eculizumab trough levels

Pharmacokinetic study

The following weight-based schedule could be proposed:

• 1200 mg every 2 weeks;90 to 120 kg: 

• 1200 mg every 4 weeks;70 to 90 kg: 

• 1200 mg every 6 weeks.<70 kg: 

Eculizumab concentrations
> 50 µg/ml



Wieslab® complement system screen (Euro Diagnostica AB,Malmö, Sweden)
(ELISA)

This kit detects serum complement activity through CP, LP and AP

9 pts CP -AP activity:    3-4 week 

18 pts CP –AP-MBL activity:    3 week 



345 Japanese pts with PNH
11 poor response
Single missense C5 eterozygous mutation.

15 %

Refractory to Eculizumab

De Vriese AS et al. JASN 2015, 26:2917-29 



Renal transplantation in aHUS 
indications, risks and new issues

 The risk of post-transplant 
recurrence of aHUS is 
according to complement 
abnormality

 The overall risk of aHUS 
recurrence is 50% 

 The risk of graft loss 80-
90% in patients with 
recurrence

Risk of 

recurrence %

CFH mutation 75-90

CFI mutation 45-80

C3 mutation 40-70

CFB mutations

THBD mutation

100

but only 3 pts

MCP mutation 15-20

Anti-CFH 
antibodies

If high titer
Lorait C and Frémeaux-Bacchi V OJRD 2011,6:60



New time with eculizumab?

Wong E K S et al.  Mol Immunol.2013; 56(3): 199–212. 

15 reported cases for the treatment of recurrence of aHUS in renal
allografts

10 cases in pre-emptive



Living-related kidney donation is not 
recommended

 Contraindicated for patients with CFH, CFI, CFB, 
C3 or THBD mutation

 Questionable for patients with unexplained
aHUS

 Debatable for patients with MCP mutation. 

 The risk for the donor to develop HUS after
kidney donation has to be taken into account.

Loirat C. Pediatr Transpl 2008



TMA

aHUS
23 ♀ 2 KT

8 ♂ 2 KT

TTP
1 ♀

2 ♂



Dal 2011:

9 pazienti trattati con Eculizumab (5 ♀; 4 ♂)

 1 recidiva post-trapianto

 1 pz al V episodio di ricaduta di malattia

 3 pz in terapia con IFN-beta

 4 pz senza fattori di rischio al primo episodio di malattia



Genetica
 4 pazienti neg

 1 pz con mutazione CFH

 1 pz con mutazione MCP

 1 pz con delezione in eterozigosi di CFHR3-CFHR1

 1 pz con una mutazione in eterozigosi di MCP + delezione in 
eterozigosi di CFHR3-CFHR1

 1 pz con genetica in corso



Eculizumab
Hb

LDH

- Pt1
- Pt2
- Pt3
- Pt4
- Pt5
- Pt6
- Pt7
- Pt8
- Pt9

0 1 2 3 4 5 // 9     15             24         //              48

0 1 2 3 4 5 // 9     15             24         //              48

0 1 2 3 4 5 // 9     15             24         //              48



Eculizumab

Paziente 7

Paziente 8

Paziente 9

Eculizumab

0 1 2 3 4 5 // 9     15             24         //              48

- Pt1
- Pt2
- Pt3
- Pt4
- Pt5
- Pt6
- Pt7
- Pt8
- Pt9
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