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Abstract

Background Atypical hemolytic uremic syndrome (aHUS) is
a thrombotic microangiopathy (TMA) characterized by plate-
let consumption, hemolysis, and organ damage. Eculizumab
(ECU), a humanized antibody that blocks complement activ-
ity, has been successfully used in aHUS, but the best treatment
schedule is not yet clear.

Methods Here, we report our experience with ECU mainte-
nance treatment and the interval between subsequent doses
being extended based on global classical complement path-
way (CCP) activity aimed at <30% for maintaining aHUS into
remission.

Results We report on 38 patients with aHUS, 13 children, 21
female, with a median age of 25.0 years (range 0.5-60) at
disease onset treated with ECU standard schedule for a median
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of 2.6 months (range 0.4-24.6). Once stable TMA remission
was obtained, the interval between ECU doses was extended
based on complement function, with a target CCP activity of
<30%. With this approach, 22 patients regularly receive ECU
infusion every 28 days and 16 every 21. During a median
observation period on ECU, an extended interval of
26.9 months (range 0.8-80.9), with a cumulative observation
period of 1,208 months, none of the patients relapsed.
Conclusion Monitoring complement activity allows a safe re-
duction in the frequency of ECU administration in aHUS
while keeping the disease in remission.

Keywords aHUS - Maintenance - Remission - Eculizumab -
Complement activity

Introduction

Atypical hemolytic uremic syndrome (aHUS) is a severe, sys-
temic thrombotic microangiopathy (TMA) often related to
mutations in genes encoding complement regulatory proteins.
Since 2009, Eculizumab (ECU), a humanized recombinant
monoclonal IgG antibody that blocks complement component
5 (C5), has been successfully used in the treatment of patients
with aHUS [1, 2]. The standard maintenance treatment sug-
gests ECU administration every 2 weeks, life-long, but the
best treatment schedule is not yet defined. Recently, KDIGO
has promoted an international consensus conference that has
suggested that global complement activity might be useful for
monitoring ECU treatment with a target of classical comple-
ment pathway (CCP) activity <10% [3]. Here, we update our
previously published experience [4, 5] on ECU mainte-
nance treatment tailored to global complement activity, as
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later confirmed by independent groups [6], to prevent re-
lapses with the rationale of improving the patient’s quality
of life, reducing the risk of adverse reactions, and minimiz-
ing the heavy costs of the treatment.

Materials and methods

Once stable clinical remission had been obtained, patients un-
dergoing ECU treatment for aHUS at our Center were offered
the opportunity to increase the interval between subsequent
ECU doses. This was done on a routine basis with all patients
being treated at our Center. In practice, patients were intro-
duced to a progressive extension of the interval between ECU
doses from the standard 2 weeks to 3 or 4 weeks based on
global complement functional tests (Wieslab for the classical,
alternative, and mannose-binding lectin complement path-
ways). Complement activity was routinely determined before
each ECU administration and the interval between doses was
adjusted with the target of maintaining a level of CCP activity
<30%. Strict monitoring of indicators of disease reactivation
(haptoglobin, lactic dehydrogenase, platelet count, serum cre-
atinine, proteinuria, microalbuminuria, and hematuria) were
regularly performed at every ECU administration. Relapses
were defined as the concomitant detection of platelet con-
sumption, hemolysis, and signs of renal damage or worsening
of already impaired renal function (increase in serum creati-
nine or proteinuria). As long as target complement activity
was completely suppressed (CCP activity <10%) and the
markers of disease activity documented TMA remission, the
interval between administrations was increased. In contrast, if
complement activity was >30%, showing insufficient comple-
ment suppression, the interval between doses was shortened.
If CCP activity was 10-30%, the current interval was con-
firmed for the subsequent ECU administration. For the present
analysis, CCP activity was defined as “blocked” if <10%,
“impaired” if 10-70%, and “normal” if >70%. Additional
methodological details are extensively provided in the original
paper published previously [3]. The present retrospective
study was approved by our institutional Ethical Committee.

Results

Out of 47 patients who were successfully treated with ECU,
17 were able to discontinue dialysis (the remaining 30 had not
been dialyzed during the acute phase). Nine patients (19.1%)
discontinued ECU treatment after fewer than 6 doses of ECU
(early discontinuation) [7-9]; therefore, they did not continue
maintenance treatment. The interval between doses was ex-
tended in the remaining 38 patients (including 13 children;
median age at the time of aHUS diagnosis of 25 years with
range 0.5-60 years), 25 with native kidney and 13 with kidney
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graft. Six of them had been switched to ECU from plasma
therapy and 8 had previously discontinued ECU treatment;
however, since their relapse, treatment had been reinitiated
and they continued on the maintenance regimen. The general
characteristics of the patients, their complement function, and
identified gene mutations are summarized in Table 1. The
patients had received ECU treatment for a median of
2.6 months (range 0.4-24.6) before the interval between doses
started to be extended. With complement function targeted as
described in the materials and methods section, presently 22
patients regularly receive ECU infusion every 28 days and 16
every 21. Only 1 of the patients, who had persistent nephrotic-
range proteinuria required a prolonged period (months) of
intensive ECU administration (1,200 mg every 2 weeks) to
maintain complement activity within the target level. When
proteinuria decreased to <1 g/day, his complement activity
was completely suppressed and the treatment schedule was
changed accordingly (every 21 days).

Regarding the dose of ECU to maintain the target CCP ac-
tivity; in children of <20 kg body weight, the single dose is
currently 300 mg, in those between 20 and 30 kg it is 600 mg,
whereas for patients weighing 30-60 kg, it is 900 mg, and in
those >60 kg, it is 1,200 mg. The median ECU dose per kilo-
gram of body weight per day of the interval was 0.75 mg/kg/day
(interquartile range: 0.67-0.95). Patients were observed on tai-
lored ECU maintenance treatment for a median of 26.9 months
(range 0.8-80.9), and during a cumulative observation period of
1,208 months on tailored ECU treatment, no renal or extrarenal
relapse was detected. No serious adverse events were observed
during the period of extended ECU treatment.

With a total of 709 determinations of global complement
activity performed throughout the entire cumulative observa-
tion period on tailored ECU maintenance treatment, in 528
(74.5%) complement activity was completely suppressed
(CCP £ 10%), in 122 (17.1%) it was impaired (CCP activity
10-70%), and in 59 (8.4%), it was within the normal range
(CCP > 70%; Fig. 1). No differences in the mean laboratory
parameters of TMA activity were observed in patients with
impaired activity in comparison with those with blocked ac-
tivity, particularly with regard to the most sensitive parame-
ters: haptoglobin, proteinuria, and microalbuminuria.

Discussion

Data reported in the present update strengthen the usefulness
of complement functional tests for monitoring the frequency of
ECU administration for the prevention of relapses, which we
previously demonstrated, but with a shorter follow-up period
and fewer patients [4, 5]. All patients showed suppression of
complement activity after ECU and, although the interval be-
tween subsequent drug dosing was progressively increased
from the standard 14 days to 21 days and in several cases to
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Table 1  General characteristics, complement function, etiology, and treatment duration in the cohort of 38 patients with atypical hemolytic uremic
syndrome on tailored eculizumab maintenance treatment

Patient ~ Gender Age C3(mg/dL) CCP  ACP  Etiology or identified Time on eculizumab
number (years) (%) (%) abnormality (months)

1? Female 8.0 64 NA NA CFH p.Cys611Tyr 92.4
20 Male 0.9 93 NA NA  CFH p.Ser1191Leu; p.Vall197Ala 88.3
3° Female 31 97 116 39 CFH p.Cys1163Trp 73.1
4° Male 32 39 NA NA  C3p.Thr140Lys 71.8
5 Male 4.0 128 96 84 CFH p.Ser1191Leu 67.2
6*"® Male 5.0 70 93 82 CFH p.Glul198Ala 64.5
7 ® Male 0.5 90¢ 104¢ 72¢ CFH p.Argl215GIn 63.0
8 Male 0.5 61° 63¢ 54¢ CFH p.Vall197Ala 53.9
9 Male 49 67 NA NA  CFH p.Cys611Tyr 61.4
10 Female 29 76 85 78 Idiopathic 55.5
11 Female 48 92 NA NA  CFH p.Gly795Arg, THBD p.Gly79Ala 50.1
12 Female 10 80 128 35 CFH p.GIn950His 49.1
13 Female 33 81 62 69 Idiopathic 33.6
14* Female 25 75 70 21 CFH p.Arg53Cys (hom), C3 p.Ala540Ser 333
15 Male 13 56 NA NA  MCP p.Thr383lle 412
16 Female 37 60 102 46 CFH p.Arg1210Cys, CFI p.Asp519Asn, THBD p.Ala43Thr 39.8
17 Male 2.0 122 124 127 CFI p.Gly269Ser 38.5
18° Male 9.0 62° NA NA  CFH DupEx1-18 (het) 36.0
19 Male 51 NA NA NA CFH p.Argl1210Cys, Hybrid gene 35.5
20° Female 20 48 105¢ 80° CFH p.GIn950His 252
21° Female 0.5 67 98° 76°  CFH Hybrid gene 33.0
22 Female 25 70 93 64 Idiopathic 31.6
23° Male 1.0 86° 69° 53¢ CFH p.Argl215GIn 29.0
24 Female 15 68 110 62 delCFHR3-CFHR1(hom) + abAntiCFH 28.8
25° Male 3.0 NA NA NA CFH p.Arg1210Cys, MCP p.Cys35Tyr; p.Arg59° 28.5
26 Male 14 75¢ 115° 43°  delCFHR3-CFHR1 (hom) + abCFH 27.5
27° Female 31 55 NA NA  CFH p.Gly1011 Valfs4® 26.4
28° Female 28 49¢ 121° 60°  CFH p.Gly458Arg 24.0
29 Female 1.0 101 69 86 delCFHR3-CFHR1 (hom) 12.9
30 Male 52 81 NA NA  CFIp.llel40Thr 20.0
31 Female 43 NA NA NA  C3c.-2 -linsAC; p.Leu67Val; p.Lys65GIn 17.5
32 Female 35 98 91 82 CFI p.Asp519Asn 10.9
33° Female 39 103°¢ 117° 126°  CFH p.Argl210Cys 19.5
34 Female 52 93¢ 113 78 delCFHR3-CFHR1 (hom) + abAntiCFH 8.3
35 Male 24 116° 119° 84°  MCP p.Arg229° 7.0
36 Female 44 NA NA NA  Idiopathic 4.1
37 Male 60 58 NA NA Idiopathic 4.0
38 Female 39 60 110° 35¢  CFH p.Cys80Ser 5.0

Age refers to age at disease onset

C3 complement component 3, CCP classical complement pathway activity, ACP alternative complement pathway activity refer to pre-treatment, NA not
available, CFH complement factor H, CFI complement factor I, MCP membrane cofactor protein, THBD thrombomodulin, abAntiCFH anti-CFH
antibodies

#Patient was switched from plasmatherapy
®Kidney transplanted patient
¢ Determination performed on disease remission, but off eculizumab
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Fig. 1 Global complement activity, time interval since last eculizumab dose, and relapse of atypical hemolytic uremic syndrome

28 days, none of them experienced a disease relapse during a
very long cumulative observation period (as many as 100 pa-
tient-years). In addition, in many patients with a body weight
between 40 and 60 kg, 900 mg of ECU proved to be enough to
obtain an adequate complement inhibition for as long as 3—
4 weeks. The single patient who required 1,200 mg every
14 days (later postponed to 21 days) persistently had severe
proteinuria. We speculate that his increased need for ECU (also
observed during pregnancy in another case) might be related to
the nephrotic-range proteinuria and the consequent urinary
drug loss. The management strategy presented in this present
paper differs from the one recently suggested by KDIGO rec-
ommendations [3], as we do not necessarily target a blocked
complement function (CCP activity <10%), but rather an im-
pairment of its function (CCP activity <30%).

As infections are known to increase the production of C5,
thus increasing the need for C5 inhibition, in the case of seri-
ous and prolonged infections (such as cytomegalovirus in kid-
ney transplant patients), the interval between subsequent ECU
doses was preventively and temporarily reduced. With this
approach, again, no relapse was recorded during the entire
observation period including periods characterized by incom-
plete complement inhibition with CCP activity well above
complete blockade.

Even the observations with CCP activity within the normal
range (although a minority: 8.4% of all determinations) were
not associated with relapses, perhaps because patients with
normalized CCP activity have remained in the state of
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unblocked complement activity for too short a period to allow
disease reactivation before receiving the next ECU dose.
Another possible interpretation is that once the disease is in
remission, a relapse requires more than a few days of exposure
to incomplete complement inhibition.

We believe that ECU maintenance treatment in aHUS can
be individualized based on global complement activity; a tai-
lored approach leads to an improvement in patients’ quality of
life and a significant reduction (weighted mean —33%) of the
costs of maintenance treatment, which, combined with a pol-
icy of treatment discontinuation whenever possible [9], make
this highly effective treatment more affordable, with an aver-
age cost per patient per year of less than 150,000 Euro.
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