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ABSTRACT

Background. Eculizumab was approved for atypical
haemolytic uraemic syndrome (aHUS) in Japan in 2013. Post-
marketing surveillance (PMS) was mandated by regulatory
authorities to assess the safety and effectiveness of eculizumab
in patients with aHUS in a real-world setting.
Methods. Paediatric patients in the PMS cohort who were
<18 years of age at the first administration of eculizumab
and diagnosed with aHUS [excluding Shiga toxin–producing
Escherichia coliHUS, thrombotic thrombocytopaenic purpura
and secondary thrombotic microangiopathy (TMA)] were
included in the effectiveness and safety analysis. Clinical end-
points of effectiveness [complete TMA response, TMA event-
free status, platelet (PLT) count and lactate dehydrogenase
(LDH) normalization, serum creatinine (sCr) decrease and
estimated glomerular filtration rate (eGFR) improvement]
were analysed in patients treated with at least one dose
of eculizumab. Serious adverse events (SAEs) were also
evaluated.

Results. A total of 40 paediatric patients (median age 5 years)
were included. Themedian eculizumab treatment durationwas
66 weeks. PLT count, LDH and eGFR significantly improved at
10 days post-treatment. Complete TMA response, haemato-
logic normalization, sCr decrease, eGFR improvement and
TMA event-free status were achieved by 73.3%, 73.3%, 70.0%,
78.3% and 77.5% of patients, respectively. Discontinuation
criteria were met by 18 patients: 13 patients maintained
treatment discontinuation at the end of observation and 5
patients, including 1 patient with aHUS relapse, continued
the treatment but extended the treatment interval. During
eculizumab treatment, 59 SAEs (0.66/person-year) were re-
ported. Although four deathswere reported, none of themwere
related to eculizumab.
Conclusion. Eculizumab was well tolerated and effective for
paediatric patients with aHUS in the real-world setting in
Japan.

Keywords: atypical haemolytic uraemic syndrome, comple-
ment, eculizumab, post-marketing surveillance, thrombotic
microangiopathy
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GRAPHICAL ABSTRACT

INTRODUCTION
Atypical haemolytic uraemic syndrome (aHUS) is a form
of thrombotic microangiopathy (TMA) that is defined by a
triad of non-immune microangiopathic haemolytic anaemia
(MAHA), thrombocytopaenia and acute kidney injury (AKI)
[1, 2]. In the USA, the annual incidence is estimated to be
two cases per million and the prevalence is reported to be 3.3
per million children [1, 3]. In Japan, ∼100–200 patients are
diagnosed with aHUS [1, 3].

Complement gene variants [e.g. complement factor H
(CFH), complement factor I, membrane cofactor protein
(MCP), thrombomodulin, complement component C3 (C3)
and complement factor B] were found in 50–60% of patients
with aHUS in previous reports [2, 4–6]. In patients with aHUS,
TMA develops as a consequence of genetic or autoimmune
abnormalities, resulting in dysregulation of the alternative
complement pathway on the vascular endothelium [1, 2].
Complement-mediated TMA can occur at any age; however,
40% of patients develop the disease by 18 years of age
[4]. The penetrance of aHUS is reported to be ∼20–50%
(incomplete penetrance) in patients with genetic abnormalities
[2, 7], which suggests the requirement for a triggering
stimulus [3, 6, 8].

Mortality is higher in children than in adults (6.7% versus
0.8% at 1 year after the first aHUS episode) [4]. When plasma

exchange/plasma infusion (PE/PI) was used as the standard
of care for aHUS, 29–48% of paediatric patients with aHUS
progressed to end-stage renal disease (ESRD) or death within
3 years following the therapy [4, 6]. Although PE/PI may
stabilize haematologic outcomes, it does not yield a significant
improvement in renal function [9].

The recombinant humanized monoclonal antibody
eculizumab (Alexion Pharmaceuticals, Boston, MA, USA) has
revolutionized the treatment and management of aHUS [10,
11]. Eculizumab binds to complement protein C5 and inhibits
its cleavage by C5 convertases [10]. When aHUS is highly
suspected in paediatric patients, eculizumab is recommended
as the first-line treatment within 24–48 h after onset, according
to general consensus [12]. When eculizumab is not available,
PE is indicated; however, it is highly recommended to switch
to eculizumab as soon as possible [13, 14].

In Japan, eculizumab was approved for aHUS in September
2013 [15]. For this approval, post-marketing surveillance
(PMS) was mandated by regulatory authorities to assess
the safety and effectiveness of eculizumab in all patients
with aHUS treated in Japanese clinical practice [15]. The
interim analysis demonstrated the safety and effectiveness of
eculizumab in paediatric patients with aHUS treated in real-
world settings in Japan [15]. The findings from the analysis of
the full data set from the PMS cohort are reported here.
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Table 1. Definition of clinical endpoints and adverse events

Clinical endpoints of effectiveness Definition

Complete TMA response Haematologic normalization and a ≥25% decrease in serum creatinine persisting for ≥4 weeks
Haematologic outcome
Haematologic normalization PLT count normalization (≥150×109/L) and LDH normalization (˂1.5 times the age-matched

ULN). Each normalization should be maintained for ≥4 weeks
PLT count normalization ≥150×109/L, maintained for ≥4 weeks
LDH normalization ˂1.5 times the age-matched ULN, which should be maintained for ≥4 weeks
Renal outcome
sCr level improvement A decrease of ≥25% in sCr should be maintained for ≥4 weeks
eGFR improvement eGFR improvement of ≥15 mL/min/1.73 m2 should be maintained for ≥4 weeks
TMA event-free status No decrease in PLT count >25% after TMA remission (increase in PLT count to ≥150×109/L

maintained for ≥2 weeks), no plasma exchange or fresh frozen plasma infusion and no initiation
of dialysis for ≥12 weeks

Adverse event Definition

AE and SAE Defined as any untoward symptoms, disease or abnormal test values through the observational
period irrespective of the causal relationship with eculizumab
Causal relationship between AEs and eculizumab was evaluated as ‘unrelated’, ‘probably related’,
or ‘related’ by an attending physician
An event was categorized as serious if it resulted in hospitalization, prolonged hospitalization,
disability, permanent injury or death or was life-threatening

MATERIALS AND METHODS
Study design and patients
PMS mandated by the Japanese health authority was con-

ducted by a post-marketing study of good practice guidelines
for drugs. Ethical approval by an institutional review board
and informed consent from individual patients were not
mandatory for PMS.

Patients were enrolled if aHUS was diagnosed based on the
contemporaneous Japanese aHUS clinical guides [1, 16] and
eculizumab treatment was initiated between September 2013
and January 2018. During this period, the diagnostic criteria
for aHUS evolved in Japan, which led to an alteration of the
inclusion criteria [1, 16]. In the 2013 clinical guide, aHUS
was diagnosed if MAHA, thrombocytopenia and AKI were
present, after excluding Shiga toxin–producing Escherichia
coli (STEC) HUS and thrombotic thrombocytopaenic purpura
(TTP) [16]. A haemoglobin level <10 g/dL was indicative
of MAHA and a platelet (PLT) count <150 × 109/L was
indicative of thrombocytopaenia. A serum creatinine (sCr)
level ≥1.5 times the upper limit of the age- and sex-
specific paediatric reference range was indicative of AKI in
children [1, 16]. TTP was excluded if a disintegrin-like and
metalloproteinase with thrombospondin type 1 motifs 13
(ADAMTS13) activity was ≥5–10% [1, 16]. The terminology
in the 2013 clinical guide was similar to that in reports byNoris
and Remuzzi [17] and from the Kidney Disease: Improving
Global Outcomes (KDIGO) Controversies Conference [18]. In
the 2015 clinical guide, aHUS was designated ‘complement-
mediated HUS’, in which secondary TMAs were excluded, i.e.
those associated with autoimmune diseases, drugs, infection,
malignant tumours,metabolic disorders or transplantation [1].
The terminology in the 2015 clinical guide was similar to that
in the reports by Campistol et al. [19] and Scully andGoodship
[20].

203 patients diagnosed
with aHUS* and treated

with eculizumab

7 patients excluded:
• 2 patients without record at diagnosis
• 3 patients who diagnosed with STEC-HUS
• 2 patients who did not meet TMA criteria at 
  diagnosis

72 paediatric patients

65 paediatric patients

40 paediatric patients

125 adult patients

25 patients with TMA of complicated
underlying disease

6 patients without record, who were
treated with eculizumab before approval

207 patients diagnosed
with aHUS* and treated

with eculizumab

4 patients whose attending physician
opposed having their patients in
post-marketing surveillance

FIGURE 1: Patient disposition. A total of 203 patients were diagnosed
with aHUS based on the Japanese aHUS clinical guide 2013 or 2015
and enrolled in post-marketing surveillance (*). In all, 40 paediatric
patients were subjects of this analysis according to the Japanese
aHUS clinical guide 2015.
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Table 2. Baseline demographics and disease characteristics

Baseline demographics Value

Age at first eculizumab administration (years), mean (range), n = 40 5.0 (0–17)
1–<23 months, n (%) 12 (30.0)
≥23–<5 years, n (%) 6 (15.0)
≥5–<12 years, n (%) 15 (37.5)
≥12–<18 years, n (%) 7 (17.5)

Weight (kg), median (range), n = 39 16.50 (3.4–63.8)
Female, n (%)/total 14 (35.0)/40
Patient-reported family history of aHUS, n (%)/total 6 (15.0)/40
Patient-reported complement gene mutation or polymorphism, n (%)/tested 20 (60.6)/33
One mutation/polymorphism, n (%)/positive 16 (80.0)
Two or more mutations/polymorphisms, n (%)/positive 4 (20.0)

C3, n (%)/positive 7 (35.0)
CFB, n (%)/positive 1 (5.0)
CFH, n (%)/positive 4 (20.0)
CFHR1/3 deletion, n (%)/positive 8 (40.0)
CFHR5, n (%)/positive 1 (5.0)
CFI, n (%)/positive 0 (0.0)
MCP, n (%)/positive 5 (25.0)
DGKE, n (%)/positive 0 (0.0)

Anti-CFH antibody, n (%)a/tested 6 (18.2)/33

Clinical time course and pretreatment Value

Time from first TMA symptom to the first administration of eculizumab (days), median (range), n =
40

15.5 (2–4485)

Time from the nearest TMA to the first administration of eculizumab (days), median (range), n = 40 13.5 (2–1445)
Time from the day of diagnosis to the first administration of eculizumab (days), median (range), n =
40

2.0 (1–1445)

Days of plasma therapy between the nearest TMA and the first administration of eculizumab (days),
median (range), n = 40

3.0 (0–63)

Plasma therapy (past 1 year before diagnosis), n (%)/total 26 (65.0)/40
Dialysis (during 8 weeks before first dose of eculizumab), n (%)/total 19 (47.5)/40
Previous renal transplant, n (%)/total 0 (0.0)/40

Laboratory test values at baseline Value

PLT count (×109/L), median (range), n = 40 51 (2–425)
PLT count <150 ×109/L, n (%)/total 34 (85.0)/40
LDH level (U/L), median (range), n = 40 912.0 (227–4060)
LDH >1.5 times the ULN, n (%)/total 33 (82.5)/40
Haemoglobin concentration (g/dL), median (range), n = 40 8.00 (4.4–14.7)
Haemoglobin concentration <10 g/dL, n (%)/total 36 (90.0)/40
Schistocytes positive, n (%)/examined 9 (90.0)/10
sCr level (mg/dL), median (range), n = 40 1.24 (0.2–6.1)
eGFR (mL/min/1.73 m2) DCC (range), n = 23 31.90 (13.8–134.8)
eGFR (mL/min/1.73 m2), n = 23

<15, n (%) 3 (13.0)
≥15–29, n (%) 8 (34.8)
30–44, n (%) 3 (13.0)
45–59, n (%) 3 (13.0)
60–89, n (%) 2 (8.7)
≥90, n (%) 4 (17.4)

Eculizumab treatment Value
Duration of eculizumab treatment (weeks), median (range), n = 40 66.0 (0–268)

<1 week, n (%) 5 (12.5)
≥1–<4 weeks, n (%) 1 (2.5)
≥4–<26 weeks, n (%) 3 (7.5)
≥26 weeks, n (%) 31 (77.5)

CFHR1/3 denotes the locus of CFHR3 to CFHR1 genes. a Four of six patients with anti-CFH antibodies (one patient did not undergo genetic testing) showed variants or deletions in
CFHR genes (see also Table 4).

In this study, paediatric patients with complement-
mediated HUS who did not have secondary TMA and were
<18 years old at the first dose of eculizumab were included,
according to the 2015 clinical guide by the review of individual
haematologic and renal variables and underlying diseases

reported by an attending physician. Patient demographics and
disease characteristics were recorded at treatment initiation
(baseline). Clinical data, including results of complement
gene testing, were collected at 6 and 12 months and during
annual follow-up thereafter. The values of sCr and estimated
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FIGURE 2:Mean observed values of haematologic and renal
parameters. Mean values for (A) PLT count, (B) LDH, and (C) eGFR
levels over time during eculizumab treatment. The eGFR for
paediatric patients ages 2–18 years was calculated using the following
formulae, with X as body height (m): eGFR= 110.2× (−1.259× 5+
7.815 × 4 − 18.57 × 3 + 21.39 × 2 − 11.71X + 2.628)/(sCr) + 2.93
for boys and 110.2 × (−4.536 × 5 + 27.16 × 4 − 63.47 × 3 + 72.43
× 2 − 40.06X + 8.778)/(sCr) + 2.93 for girls [40]. Although eGFR is
generally used to evaluate chronic kidney disease, it was used to
assess acute kidney dysfunction in this study. Changes from baseline
were compared by using the paired t-test. *P < .001, †P < .01,
‡P < .05.

glomerular filtration rate (eGFR) in patients on dialysis were
included in the analysis.

Treatment
The approved eculizumab dosing is based on the pa-

tient’s weight (Supplementary data, Table S1) [21]. Actual
dosing and administration intervals were determined by the
attending physician. An administration interval >30 days was
defined as the criterion of treatment discontinuation. Anti-

meningococcal vaccine administration was mandatory before
the first dose of eculizumab unless urgent treatment was
required [21].

Assessments of safety and effectiveness
The effectiveness and safety of eculizumab was assessed as

defined in Table 1. Adverse events (AEs) were classified based
on the Japanese translation of theMedicalDictionary for Regu-
latory Activities. The severity of serious adverse events (SAEs)
was classified into six categories according to the International
Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use E2D guidelines.

Statistical analysis
The analysis of effectiveness endpoints was summarized

by the number and proportion of patients with a two-sided
95% confidence interval (CI). Absolute values and changes
from baseline in PLT count, LDH, sCr and eGFR levels
were summarized using descriptive statistics. The time to
achieve effectiveness endpoints was estimated by Kaplan–
Meier analysis. Missing data were not imputed except for body
weight. Bodyweightwas imputed by using themost recent data
prior to eculizumab administration. In the safety analysis, the
number of patients and incidence rates (patient-years) for each
event were calculated. SAS version 9.4 (SAS Institute, Cary,
NC, USA) was used for statistical analyses. In all analyses, two-
sided P-values (significance level <.05) were used.

RESULTS
A total of 72 paediatric patients who were treated with at
least one dose of eculizumab were enrolled in the PMS. These
patients were diagnosed with aHUS as per the Japanese 2013
and 2015 clinical guides. In all, 40 paediatric patients were
further evaluated after exclusion of the following patients: 2
patients without a record at diagnosis, 3 patients with STEC-
HUS, 2 patients who did not meet TMA criteria at diagnosis
and 25 patients with secondary TMAaccording to the Japanese
2015 clinical guide (Figure 1).

Patient demographics and baseline characteristics
At baseline, the median age of patients was 5.0 years (range

0–17); 12 (30%) patients were <12 months (1 month being
the youngest). Complement gene variants or autoantibodies
were reported in 20/33 patients (61%) with data available
(Table 2). Rare variants with an allele frequency of <0.005 are
summarized in Supplementary data, Table S2. At baseline, a
PLT count <150×109/L was seen in 34 (85%) patients and
LDH >1.5 times the ULN were seen in 33 (83%) patients.
The median duration of eculizumab treatment was 66.0 weeks
(range 0–268), and 77.5% of the patients received eculizumab
treatment for ≥26 weeks (Table 2).
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Table 3. Effectiveness of eculizumab in paediatric patients with aHUS

Effectiveness endpoint
Total number of

patients

Number of
patients reporting
the effectiveness

outcome

Percentage of
patients reporting
the effectiveness

outcome 95% CI

Complete TMA response 30 22 73.3 54.1–87.7
Haematologic normalization 30 22 73.3 54.1–87.7

PLT count normalization 34 26 76.5 58.8–89.3
LDH normalization (<1.5 times the ULN) 33 25 75.8 57.7–88.9

sCr level improvement 40 28 70.0 53.5–83.4
eGFR improvement 23 18 78.3 56.3–92.5
TMA event-free status 40 31 77.5 61.5–89.2

Effectiveness of eculizumab in paediatric patients
with aHUS
Responses of PLT count, LDH and eGFR levels in patients

treated with eculizumab are shown in Figure 2 and Supple-
mentary data, Table S3. The mean PLT level at baseline was
85.4×109/L [standard deviation (SD) 86.7], which increased to
270.2 ×109/L (SD 147.5) at 10 days after the first eculizumab
administration. The mean change in PLT count from baseline
to 10 days was 182.9 ×109/L (SD 155.6; P < .001] (Figure 2A).
The mean LDH level at baseline was 1515.1 U/L (SD 1236.5),
which decreased to 601.5 U/L (SD 360.4) at 10 days after the
first eculizumab administration. The mean change in LDH
from baseline was statistically significant at 10 days after the
first dose of eculizumab [930 U/L (SD 1086.9); P < .001]
(Figure 2B). The mean eGFR at baseline was 45.5 mL/min/
1.73 m2 (SD 34.9) and had improved to 69.5 mL/min/1.73 m2

(SD 41.2) at 10 days after the first eculizumab administration.
The mean change in eGFR from baseline to 10 days was 20.4
mL/min/1.73 m2 (SD 31.1; P < .01) (Figure 2C). A total of
15/19 patients who were on dialysis at baseline discontinued
dialysis by the end of the observation period. The median time
to dialysis discontinuation was 4 days (range 1–1290).

The percentages of patients who met the effectiveness
endpoints are summarized in Table 3. A total of 22/30
patients (73.3%) achieved complete TMA response. The time
to achieve each of the effectiveness endpoints was estimated
by Kaplan–Meier analysis (Figure 3). The median times to
achieve the effectiveness endpoints were 21 days (95% CI
19–91) for complete TMA response, 14 days (95% CI 7–21)
for sCr level improvement, 7 days (95% CI 6–7) for PLT
count normalization and 20 days (95% CI 18–27) for LDH
normalization.

Patients who discontinued eculizumab
In all, 18/40 patients met the criteria for treatment discon-

tinuation; in addition, 4 patients died and thereby also met
the criteria. Among these 18 patients, 13 remained completely
withdrawn from treatment until the end of observation
(Table 4) and 5 patients prolonged the treatment interval
but continued the treatment at the end of observation. Of
the 13 patients who remained withdrawn from eculizumab
treatment, 6 were positive for anti-CFH antibodies (patients
1, 2, 5, 8, 9 and 12). Patients 5 and 9 were withdrawn

from treatment after a reduction in anti-CFH antibody levels
and patient 12 started immunosuppressive treatment after
eculizumab discontinuation.One patient (patient 7) reported a
deterioration in renal function after withdrawal of eculizumab
(Supplementary data, Table S4).

Among the five patients who prolonged the treatment
interval, one patient experienced aHUS recurrence. This 13-
year-old boy had a C3 p.Ile1157Thr variant, a history of a
TMA episode on two prior occasions and a family history of
aHUS, which is a known risk factor of recurrence [22]. He
discontinued eculizumab due to difficulty visiting the hospital;
however, at 120 days after discontinuation, the patient had a
recurrence of aHUS and restarted treatment.

Safety of eculizumab in paediatric patients with aHUS
Safety analyses are shown in Table 5. For the 40 patients in

the safety analysis set, the total exposure to eculizumab was
89.42 patient-years. A total of 59 SAEs (0.66/patient-year) were
reported in 18 patients. In all, 29 infection-related SAEs were
reported in 12 patients, including 1 case of meningococcal
bacteraemia. Complete recovery of meningococcal bacter-
aemia was reported following appropriate treatment with
antimicrobial agents. Acute liver failure, pulmonary haemor-
rhage, renal impairment and respiratory failure were reported
as SAEs related to death in one patient. Cardiac failure,
immunodeficiency and pulmonary haemorrhage, respectively,
were reported as SAEs related to death in three patients. Most
of the SAEs not related to death resolved during eculizumab
treatment; however, renal impairment in two patients and
bone marrow failure and thrombosis in one patient did not
fully resolve. The most frequent SAE was renal impairment (5
events, 0.06/patient-year) (Table 5, Supplementary data, Table
S5).

The overall survival rate of this cohort was estimated to be
89.2%at 180 days (Supplementary data, Figure S1). Four deaths
were reported, but none were related to eculizumab treatment.
Three of the four deaths were described in the interim
report [15]. The fourth death was reported after the interim
report and occurred in a 5-year-old girl who experienced
TMAcomplicated by immunodeficiency disease andpresented
with frequently recurring methicillin-resistant Staphylococcus
aureus infections. The episode of TMA occurred when she was
age 1 year, yet eculizumabwas administered 1445 days after the
onset of the TMA. A total of 60 days after this single dose of
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FIGURE 3: Time to achieve effectiveness endpoints. The percentage of patients achieving (A) complete TMA response, (B) haematologic
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Table 4. Patients who remained withdrawn from eculizumab treatment at the end of the observation period

Patient Agea Sex

Number of
TMA

episodes
prior to

eculizumab

Family
history of
aHUS Genetic variantb/antibody

Total days
of

eculizumab
treatment

Recurrence
of aHUS

Days after
discontin-
uation

Treatment
at last ob-
servation

1 10 years F 1 Y CFHR1 p.Asp35fsX36,
anti-CFH antibody

1010 N 337 –

2 10 years M 1 N CFHR3 exon 6 deletion,
anti-CFH antibody

105 N 1681 PSL, CsA

3 17 years M 2 Y C3 p.Ile1157Thr 424 N 308 –
4 17 years M 3 N MCP p.Asp170Met FsX9

(Homo)
1 N 408 –

5 5 years M 1 N Not examined, anti-CFH
antibody

357 N 1438 –

6 16 years F 1 N Not examined 213 N 754 –
7 16 years M 1 N Not examined (positive for

haemolytic assay)
575 N 126 Peritoneal

dialysis
8 7 years M 1 N CFHR1-CFHR3 deletion,

anti-CFH antibody
595 N 371 –

9 11 years F 1 N Not identified, anti-CFH
antibody

603 N 128 –

10 7 months F 1 N Not identified 8 N 727 PSL
11 9 months M 1 N C3 p.Ser179Pro, CFH

p.Hus402Tyr (homo),
p.Glu936Asp (homo)

327 N 465 –

12 4 years M 1 N CFHR1-CFHR3 deletion,
anti-CFH antibody

385 N 708 PSL, MMF

13 6 years F 1 N CFH p.His402Tyr,
p.Glu936Asp, MCP
p.Thr163Ile

29 N 326 –

F, female; M, male; Y, yes; N, no; PSL, prednisolone; CsA, cyclosporin.
aAge at first administration. bThe information on homozygosity or heterozygosity of the genetic variant is not available if there is no description in this table.

eculizumab, she died of worsening immunodeficiency disease.
Complement gene testing was not performed on this patient.

DISCUSSION
This is the final analysis of the safety and effectiveness of
eculizumab for the treatment of aHUS in paediatric patients
for 4.5 years in Japan. This study presents the added value
of the real-world situation, which illustrates the clinical
practice of paediatric aHUS in Japan and further confirms
that eculizumab is safe and effective for paediatric patients
with aHUS. In this cohort, the median eculizumab treatment
duration was 66 weeks; 77.5% of patients received treatment
for at least 26 weeks as recommended by expert opinion [12,
14, 23].

In the current analysis we adopted the definition of <1.5
times the ULN for LDH normalization instead of less than
the age-matched ULN in the clinical trial of eculizumab in
paediatric patients and our previous interim analysis [11, 15].
In the interim analysis of this PMS from September 2013
to March 2017, 36 and 29% of paediatric and adult patients
had met complete TMA response, respectively [15, 24]. The
ratio of complete TMA response in the interim analysis of
paediatric patients was higher than that of adult patients;
however, the ratio was lower compared with the original
clinical trial reported by Greenbaum et al. [11] which was
largely attributed to the low ratio of LDH normalization when

the definition of less than the age-matchedULNwas used (48%
versus 82%, respectively), although LDH levels were largely
reduced in individual paediatric patients during eculizumab
treatment in that analysis [15]. In addition, after TMA
remission, 85.2% of patients had no obvious signs of TMA
recurrence. Therefore the definition of LDH normalization,
less than the age-matched ULN, was too stringent to evaluate
the effectiveness of eculizumab in the real-world setting
for paediatric patients in Japan [15]. Using the modified
definition of LDH normalization as<1.5 times the ULN, LDH
normalization and complete TMA response were observed in
77 and 73% of patients, respectively. A similar ratio [64% (95%
CI 41–83)] of complete TMA response was reported in the
clinical trial [11]. The estimated median time to complete a
TMA response was 21 days; the median time for PLT count
and LDH normalization and sCr improvement was 7, 20 and
14 days, respectively. PLT count, LDH and eGFR significantly
improved at 10 days. An early response to eculizumab was
consistently observed similar to the clinical trial [11].

In a Global aHUS Registry study to illustrate the natural
history of aHUS, themost common identified cause of aHUS in
paediatric patients ages 6–17 years (45% of tested patients) was
anti-CFH antibodies [25]. In the current study, 18% of tested
paediatric patients displayed anti-CFH antibodies, whereas
3/13 (23%) paediatric patients ages 6–17 years were positive
for the antibodies. A total of four of the six patients with
the antibodies (one patient did not undergo genetic testing;

Eculizumab for children with atypical haemolytic uraemic syndrome 421



Table 5. Frequency and classification of SAEs

Total number of patients for safety analysis 40
Total exposure time (years) 89.42

Total number of SAEs, n (patient-years) 59 (0.66)
Total number of patients with SAEs 18
Number of treatment-related SAEs/number of patients 36/10
Number of not treatment-related SAEs/number of patients 23/13

Number of infections (patient-years)/number of patients 29 (0.32)/12
Number of cases of meningococcal bacteraemia (patient-years) 1 (0.01)

Seriousness of SAE
Number of SAEs related to death (number of patients) 7 (4)
Number of life-threatening SAEs (number of patients) 8 (4)
Number of SAEs which required inpatient hospitalization or prolongation of existing hospitalization (number of patients) 23 (8)
Number of SAEs related to persistent or significant disability/incapacity (number of patients) 3 (2)
Number of congenital anomalies/birth defects (number of patients) 0 (0)
Number of other IMEa (number of patients) 4 (2)

SAE reported more than once, n (patient-years)
Renal impairment 5(0.06)
Device-related infection 3(0.03)
Staphylococcal infection 2(0.02)
Urinary tract infection 2(0.02)
Infection 2(0.02)
Respiratory syncytial virus bronchitis 2(0.02)
Pulmonary haemorrhage 2(0.02)
Enterocolitis 2(0.02)
Pyrexia 2(0.02)

RS, respiratory syncytial; IME, important medical event.
aAn IME that may not result in death, be life-threatening or require hospitalization may be considered a serious adverse drug experience when, based on medical judgement, it may
jeopardize the patient and may require medical or surgical intervention to prevent one of the outcomes listed in this definition.

80%) showed a gene variant or deletion resulting in the loss
of CFHR proteins, which suggested the relationship between
genetic predisposition and antibody production. In an interim
analysis, adult patients with anti-CFH antibodies were not
reported [24].

In this study, 18/40 patients met treatment discontinuation
criteria; 13 patients remained withdrawn from eculizumab
treatment and 5 patients prolonged the treatment interval.
In all, 2/18 patients (11%) showed a worsening of renal
function or aHUS recurrence. This proportion is lower than
previous reports of 21–32% aHUS recurrence after eculizumab
discontinuation, probably due to the lower proportion (20%)
of patients with CFH variants in variant-positive patients of
this cohort than in the European population [22, 26–31]. The
largest of these studies was from the Global aHUS Registry;
21.6% (11/51) of paediatric patients in that analysis experi-
enced a TMA recurrence after eculizumab discontinuation at
a median of 5.1 months and 10 overall had to restart treatment
[22]. The risk of aHUS recurrence associated with anti-
CFH antibodies appears to be high (11–68%), as previously
reported [32]. In 6/13 patients who remained withdrawn
from treatment in this study, aHUS was associated with anti-
CFH antibodies. In this study, two of six patients with anti-
CFH antibodies discontinued eculizumab treatment after a
reduction in anti-CFH antibody levels and the other patient
started immunosuppression treatment after eculizumab dis-
continuation; an international consensus report recommended
the association of eculizumab with glucocorticoids and an
immunosuppressive drug (mycophenolatemofetil) to decrease
the anti-CFH antibody titre, allowing eculizumab withdrawal

[33]. In other patients who discontinued eculizumab treatment
in the current study, rare variants in the MCP or C3 gene had
additionally been identified. The presence of rare complement
gene variants in CFH (31–55%), MCP (18–52%) and C3 (50%)
seem to be associated with a higher risk of recurrence of TMA
[34]. MCP variants are assumed to have a rather good outcome
of renal function in the long-term, although the frequency of
aHUS recurrence appeared to be high [7]. Similarly, a previous
report by Fujisawa et al. [35] suggested that C3 p.I1157T, the
predominant variant in the Japanese population, was related
to favourable outcomes despite repeated recurrences [35]. In
a recent case report, a renal biopsy indicated that substantial
progression of irreversible injuries in kidneys was associated
with repeated TMA in the patient with a C3 p.Ile1157Thr
variant [36]. Although there is no clear description of the
criteria for the discontinuation in the 2015 clinical guide,
the decision for the discontinuation in the clinical practice
appeared to be carefully made according to available evidence.
Since evidence is still too limited to evaluate the prognosis of
paediatric patients after discontinuation of eculizumab, expert
consensus recommended that discontinuation of eculizumab
could be considered on a case-by-case basis in patients [12, 22,
23, 33].

Considering the potential burden of aHUS, the safety of
eculizumab treatment was generally tolerable, and this was
consistent with results from clinical trials and a 10-year
pharmacovigilance analysis [10, 11, 37, 38]. Although four
deathswere reported, none of themwere related to eculizumab.
Since Neisseria meningitidis is primarily cleared by terminal
complement components, eculizumab-treated patients are at

422 S. Ito et al.



increased risk for developing meningococcal infections and
meningococcal vaccination is recommended to minimize the
risk [38]. During this PMS, only one case of meningococcal
bacteraemia was observed; the patient recovered fully with
appropriate antimicrobial treatment [15].

This study had some limitations. First, due to the nature
of the design of PMS, there could also have been the
possibility of missing, underreporting or incomplete follow-up
of data. Second, patients in this cohort were not investigated
for the polymorphism C5 p.Arg885His, which is present
in ∼3.2% of the Japanese population; this polymorphism
prevents eculizumab from binding to C5, thereby blocking
its therapeutic activity [39]. This report focuses on paediatric
patients with aHUS; however, a report on the adult patients in
the PMS is in preparation.

In conclusion, this full dataset analysis further confirms
that eculizumab is safe and effective for paediatric patients
with aHUS in the real-world setting in Japan. The decision to
withdraw eculizumab treatment or prolong treatment intervals
was carefully made in the clinical practice according to
currently available evidence. Despite this, >10% of patients
showed disease worsening or recurrence after treatment
discontinuation/elongation of treatment intervals. This further
highlights the need to very closely monitor patients if one
wants to attempt treatment discontinuation.
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