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Abstract
Background Eculizumab is a humanized anti-C5 antibody
approved for the treatment of atypical hemolytic uremic syn-
drome (aHUS). Its use is increasing in children following
reports of its safety and efficacy.
Methods We reviewed biochemical and clinical data related to
possible drug-induced liver injury in 11 children treated with
eculizumab for aHUS in a single center.
Results Elevated aminotransferases were observed in 7 chil-
dren aged 6 to 11 years following eculizumab treatment for
aHUS. Internationally accepted liver enzyme thresholds for
drug-induced liver injury were exceeded in 5 cases. In all
cases, liver injury was classified as mixed hepatocellular and
cholestatic. Infectious and other causes were excluded in each
case. One patient with no pre-existing liver disease developed
tender hepatomegaly and liver enzyme derangement exceed-
ing 20 times the upper limit of normal following initiation of
eculizumab. Recurrent liver injury following re-challenge

with eculizumab necessitated its discontinuation and transi-
tion to plasma therapy.
Conclusions Hepatotoxicity in association with eculizumab is
a potentially important yet previously unreported adverse
event. We recommend monitoring liver enzymes in all pa-
tients receiving eculizumab. Further research is required to
clarify the impact of this adverse event, to characterize the
mechanism of potential hepatotoxicity, and to identify which
patients are most at risk.
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Introduction

Eculizumab is a first-in-class humanized anti-C5 antibody
approved for the treatment of paroxysmal nocturnal hemoglo-
binuria (PNH) and atypical hemolytic uremic syndrome
(aHUS) in adults and children. It was first established as a
treatment for PNH, for which it is reported to be safe and
effective [1–3]. Its use in treating aHUS is increasing in
children following case series and recent treatment trials
reporting safety and efficacy in inducing thrombotic microan-
giopathy (TMA) response [4–8].

In treatment trials of aHUS, various nonspecific side effects
have been reported in association with eculizumab [8]. Other
adverse events reported to date, but likely unrelated to
eculizumab treatment, include septic shock [9],
photodermatosis [10], melanoma [11], and a case of desqua-
mating rash and hyperammonemia [12]. No hepatic side ef-
fects have been reported to our knowledge.

We report a series of 5 children with aHUS who experi-
enced hepatotoxicity following eculizumab treatment. Two
further children experienced transient liver enzyme

W. Hayes : S. Tschumi : C. Licht (*)
Division of Nephrology, The Hospital for Sick Children, 555
University Avenue, Toronto, ON M5G 1X8, Canada
e-mail: christoph.licht@sickkids.ca

S. C. Ling
Division of Gastroenterology, Hepatology and Nutrition,
The Hospital for Sick Children, Toronto, ON, Canada

S. C. Ling :C. Licht
Department of Paediatrics, University of Toronto,
Toronto, ON, Canada

J. Feber
Division of Nephrology, Children’s Hospital of Eastern Ontario,
Ottawa, ON, Canada

M. Kirschfink
Division of Immunology, University of Heidelberg,
Heidelberg, Germany

Pediatr Nephrol
DOI 10.1007/s00467-014-2990-5



derangement, which did not reach the threshold for liver injury
as defined by Aithal et al. [13]. Recurrent symptoms necessi-
tated discontinuation of eculizumab and transition to plasma
therapy for aHUS in one patient. In each case, workup for
infective and autoimmune causes of hepatitis was non-explan-
atory, including hepatitis A, B, C, Epstein-Barr virus (EBV),
cytomegalovirus (CMV), parvovirus, adenovirus, HHV6,
HHV7, alpha-1-antitrypsin, ceruloplasmin, copper, total im-
munoglobulin G (IgG), antinuclear antibodies, smoothmuscle
cell antibodies, and liver–kidney microsomal antibodies.

Materials and methods

Eculizumab was dosed according to a standardized weight-
based regimen. The induction schedule comprised four week-
ly doses of 900 mg for patients weighing 40 kg or more, and
two weekly doses of 600 mg for patients weighing 30–
39.9 kg. The maintenance regimen comprised 1,200 mg every
2 weeks for patients weighing 40 kg or more, and 900 mg for
patients weighing 30–39.9 kg (Table 1).

Investigations for genetic mutations in complement pro-
teins CFI, CFH, MCP/CD46, THBD/CD141, C3, and CFB
and anti-CFH antibodies were performed in all patients. No
known pathogenic mutations were identified. Variants of un-
known significance were found in C3 and CFH in cases 2 and
4 respectively. One patient tested positive for anti-CFH anti-
bodies (case 5).

Drug-induced liver injury was defined by internationally
accepted criteria of a greater than 5-fold increase in alanine
transaminase (ALT) or aspartate aminotransferase (AST)
above the upper limit of normal (ULN) or an increase in
hepatic alkaline phosphatase (ALK) above two times the
ULN [13]. Liver injury was further classified as mixed hepa-
tocellular and cholestatic in each case [13].

Case reports

We observed derangement in liver enzymes in association
with eculizumab therapy in 5 of the 11 patients receiving
eculizumab for aHUS in our center. Transient mild liver
enzyme disturbance was observed in 2 further cases. The time
course of liver enzyme derangement was similar in each case

with fluctuation in ALT, AST, ALK and gamma-glutamyl
transpeptidase (GGT) 10–29 days following the first
eculizumab dose with resolution within 14–21 days (Fig. 1).

In 4 of the 5 affected patients, the biochemical derangement
was asymptomatic and maintenance eculizumab was contin-
ued. In 1 patient (case 1), the magnitude of elevation in liver
enzymes was more marked; concern about progressive eleva-
tion in transaminases and clinical symptoms of tender hepa-
tomegaly and jaundice necessitated discontinuation of
eculizumab.

The pattern of liver injury was classified as mixed
hepatocellular/cholestatic in each case with R values ranging
from 2.8 to 4.9 [13].

The time course of transaminitis relative to eculizumab
dosing for cases 1 and 3 is illustrated in Fig. 1. Patient
characteristics and patterns of liver enzyme dysfunction are
summarized in Table 2.

Case 1

A boy aged 8 years and 11 months with hereditary
spherocytosis and previous splenectomy developed aHUS
for which eculizumab was commenced. Three days following
the second dose, markedly elevated liver enzymes were noted
(Fig. 1). ALT, AST, and GGT rose to over 20 times the ULN;
the international normalized ratio (INR) and albumin
remained within normal limits. Clinical symptoms of right
upper quadrant pain and signs of tender hepatomegaly were
evident. Right upper quadrant abdominal pain in the context
of spherocytosis can be reflective of gall bladder disease;
however, ultrasound imaging showed a normal gall bladder,
mild hepatomegaly with a coarse parenchymal appearance,
and normal hepatic and portal vasculature. Investigations for
underlying causes of liver disease were normal, including
viral hepatitides, autoimmune workup, alpha-1-antitrypsin,
copper, ceruloplasmin, and creatinine phosphokinase.

Liver enzyme abnormalities fluctuated following the sec-
ond dose of eculizumab with two further significant peaks in
ALT (Fig. 1). A third dose was suspended pending normali-
zation of liver enzymes. A liver biopsy taken after the second
dose when liver enzymes had normalized showed mild min-
imal pathological change, with mild hepatocellular cytoplas-
mic swelling and clearing, mild Kupffer cell hemosiderosis,
mild pericentral sinusoidal fibrosis, and mild sinusoidal

Table 1 Induction and mainte-
nance regimens according to
patient weight

Patient weight (kg) Induction regimen Maintenance regimen

≥ 40 900 mg weekly×4 1,200 mg week 5; 1,200 mg every 2 weeks

30–39.9 600 mg weekly×2 900 mg week 3; 900 mg every 2 weeks

20–29.9 600 mg weekly×2 600 mg week 3; 600 mg every 2 weeks

10–19.9 600 mg weekly×1 300 mg week 2; 300 mg every 2 weeks

5–9.9 300 mg weekly×1 300 mg week 2; 300 mg every 3 weeks
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dilatation. There was no evidence of autoimmune or infectious
hepatitis. The presence of sinusoidal eosinophils and hepato-
cellular cytoplasmic changes raised concerns with regard to a
drug effect.

The third eculizumab dose was then given, after which
marked liver enzyme elevation recurred (Fig. 1). Eculizumab
was therefore discontinued, with transition to plasma therapy.
Follow-up to 4 weeks revealed no further abnormalities in
liver biochemistry.

Case 2

A boy aged 10 years and 3 months with a background of
Evans syndrome and recurrent thrombocytopenia developed
marked hemolysis and thrombotic microangiopathy consis-
tent with aHUS. Plasma exchange was initiated with partial
remission, following which eculizumab was commenced.
Asymptomatic elevation of ALT (maximum 175 IU/l) and
AST (maximum 409 IU/l) were noted 7 days after the third
eculizumab dose with spontaneous resolution over the subse-
quent 14 days. Whilst elevated liver enzymes can be observed
in patients with Evans syndrome, such findings were not
previously observed in this patient.

Case 3

An 11.5 year-old boy had a history of obesity, uniform
hyperechogenicity of the liver parenchyma on ultrasound
imaging, and normal liver biochemistry, thought to be consis-
tent with non-alcoholic fatty liver disease. He developed
aHUS and achieved remission with plasma therapy, following
which he was transitioned to eculizumab. Three days follow-
ing the first eculizumab dose, elevated liver enzymes were
noted (Table 2). ALT rose again after a further dose but

subsequently normalized (Fig. 1). Again, elevated liver en-
zymes can be observed in the context of the underlying
disease, but were not previously observed in this patient.

Case 4

A boy aged 6.5 years had severe systemic sequelae from his
initial presentation with thrombotic microangiopathy includ-
ing end-stage renal disease (ESRD), limb ischemia with
resulting loss, ischemic colitis requiring colectomy, testicular
infarct, and skin necrosis requiring grafting. Following a
period of partial remission on plasma therapy, he was
transitioned to eculizumab.

Fluctuating asymptomatic elevations in ALT, AST, and
ALK with spontaneous resolution were noted in association
with eculizumab doses. One year following initial presenta-
tion the patient developed abdominal pain with elevated liver
enzymes. ERCP showed a choledochal cyst. Liver biopsy
showed mild chronic eosinophilic portal inflammation with
mild fibrosis and moderate iron accumulation. Transaminitis
was felt to be unlikely to be related to these findings.

Case 5

An 8-year-old boy with no pre-existing liver disease experi-
enced derangement in ALTandASTexceeding internationally
accepted thresholds for drug-induced liver injury following
initiation of eculizumab for aHUS. Liver enzyme abnormali-
ties were not associated with specific symptoms and resolved
after 56 days.

Discussion

Hepatotoxicity in association with various biological therapies
is rare but well recognized [14–25]. However, to our knowl-
edge, this is the first report of potential hepatotoxicity in
association with eculizumab therapy. Eculizumab is a human-
ized monoclonal anti-C5 antibody [26] that has been used for
over a decade in patients with paroxysmal nocturnal hemo-
globinuria (PNH) [1, 3] and aHUS [8] in patients of all age
groups. The serious adverse event (SAE) profile of
eculizumab is nonspecific; hepatotoxicity (including elevation
in liver enzymes) has not been reported, yet was observed in
two adult PNH patients, although it was clearly linked to an
underlying liver disease preceding eculizumab treatment in
these cases (Camille Bedrosian, personal communica-
tion, 8 October 2014). On the other hand, eculizumab
was found to reverse progressive thrombosis and hepatic
failure in a patient with PNH and Budd–Chiari syn-
drome unresponsive to anticoagulation therapy [27].

Fig. 1 Time course of alanine transaminase (ALT) in cases 1 and 3 in
relation to eculizumab dosing. Dashed lines represent the upper limit of
normal
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A possible explanation for the observed liver injury in this
series is the underlying disease process itself. Hepatitis was
reported in 50 % of 27 patients with anti-CFH autoantibody-
mediated aHUS, although the degree of liver enzyme derange-
ment was not characterized [28]. In our case series, however,
liver injury was temporally associatedwith eculizumab dosing
rather thanwith aHUS disease presentation.We observed liver
enzyme derangement 10 to 29 days following initiation of
eculizumab, but 10 days to 2 years 3 months following pre-
sentation with aHUS.

In 4 of the 5 cases in this series, liver enzyme derangement
was transient, asymptomatic, and did not compromise treat-
ment. In one case, however, clinical symptoms of tender
hepatomegaly coupled with recurrent liver enzyme derange-
ment and jaundice led us to discontinue eculizumab and
change to plasma therapy. Discontinuation of biological ther-
apy for hepatotoxicity is relatively common in cancer treat-
ment (e.g., discontinuation of erlotinib or imatinib for cyto-
lytic hepatitis or gemtuzumab for cytolytic hepatitis); howev-
er, this is a novel complication in the treatment of aHUS [29].

The underlying mechanisms of hepatotoxicity associated
with biological therapies remain incompletely understood
[29]. Certain therapies are associated with specific patterns
of hepatotoxicity, for example, sinusoidal obstruction syn-
drome secondary to gemtuzumab ozogamicin [30]. Specific
targeting of hepatic Kupffer cells was initially thought to be
the major mechanism responsible [30], but accumulation of
antibody–toxin conjugates in hepatocytes causing
calicheamicin-induced damage has subsequently been dem-
onstrated [31].

The mechanism of hepatotoxicity potentially related to
eculizumab in this case series has not yet been elucidated. A
potential mechanism for our observations relates to the role of
C5 in normal liver regeneration and its role in hepatocyte
defense mechanisms during inflammation. C5 activity was
found to be important in liver regeneration in a murine model
of liver toxicity [32]. Further animal studies have demonstrat-
ed a potential role for C5 in defense reactions of Kupffer cells
and hepatocytes [33]. Eculizumab may therefore disrupt he-
patic regeneration and defense reactions.

Other possible mechanisms include a hypersensitivity re-
action, off-target effects of the monoclonal antibody [34], and
local hepatic side effects of C5 terminal complement block-
ade. Recent data from renal biopsies following long-term
eculizumab therapy suggest direct antibody binding to tissue
C5 [35]. If a similar process occurs in the liver, this may play a
role in hepatotoxicity.

Some studies would lead one to hypothesize a hepatopro-
tective effect of eculizumab. Hillebrandt et al. found the Hc
gene (which encodes complement C5) to be a significant
modifier of liver fibrogenesis in animal studies. In addition,
an association between genetic haplotypes associated with
higher serum C5 levels and aggravated liver fibrogenesis in

human patients with hepatitis C has been observed [36].
Given these findings, one could hypothesize that C5 blockade
might slow the progression of liver fibrosis, as has been
suggested in case reports [27].

The long-term consequence of recurrent subclinical hepa-
tocellular injury, which may be related to maintenance
eculizumab therapy, is not known. Reports of cirrhosis and
chronic hepatitis following acute idiosyncratic drug-induced
liver injury are concerning in this regard [37].

To our knowledge, hepatotoxicity in association with
eculizumab has not previously been reported. This may be
an effect that has escaped the attention of clinicians, as it was
subclinical in all but one case in this series. The true preva-
lence of this side effect remains to be established as hepatic
enzyme monitoring has not been part of routine clinical mon-
itoring for patients receiving eculizumab to date.

In light of the consistent finding of hepatotoxicity in this
series we recommend regular monitoring of hepatic enzymes
in all patients receiving eculizumab and caution in its use in
patients with pre-existing liver disease. In patients with exces-
sive hepatic enzyme disturbance or clinical symptoms of
hepatitis in association with eculizumab, plasma therapy
may have to be considered as an alternative treatment.
Further research is required to clarify the impact of this ad-
verse effect, to characterize the mechanism of potential hepa-
totoxicity, and to identify which patients are most at risk.
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