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Pediatric atypical hemolytic–uremic syndrome due
to auto-antibodies against factor H: is there an interest to combine
eculizumab and mycophenolate mofetil?
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Abstract
Background Atypical hemolytic and uremic syndrome (aHUS), a thrombotic micro-angiopathy (TMA) caused by deregulation
in the complement pathway, is sometimes due to the presence of anti-complement factor H (CFH) auto-antibodies. The “stan-
dard” treatment for such aHUS combines plasma exchange therapy and immunosuppressive drugs. Eculizumab, a monoclonal
antibody that blocks the terminal pathway of the complement cascade, could be an interesting alternative in association with an
immunosuppressive treatment for maintenance regimen.
Case–diagnosis/treatment We report on two children, diagnosed with mildly severe aHUS due to anti-CFH antibodies, who
were treated with the association eculizumab–mycophenolate mofetil (MMF). Neither side effects nor relapses were observed
during the 3 years of follow-up; MMF was even progressively tapered and withdrawn successfully in one patient.
Conclusions The association of eculizumab andMMF appears to be an effective and safe option in pediatric cases of aHUS due to
anti-CFH antibodies of mild severity.
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Introduction

Atypical hemolytic and uremic syndrome (aHUS), character-
ized by a deregulation in the complement pathway [1, 2],
might be acquired (due to auto-antibodies directed against
complement components), especially in youngsters. It induces
a significant mortality (16%) and kidney sequelae in almost
50% of survivors [1].

The “standard,” however based on low evidence, treatment
for aHUS secondary to anti-complement factor H (CFH) an-
t ibodies combines plasma exchange therapy and

immunosuppressive drugs [1, 3]. The initial management of
aHUS has dramatically improved over the past decade with
the use of eculizumab [1, 3–5]. As C5-blockers prevent the
consequences of anti-CFH antibodies without decreasing their
titer, it seems theorically interesting to combine them with an
immunosuppressive treatment.

Here, we report on two patients diagnosed with aHUS due
to anti-CFH antibodies who were successfully treated by the
association of eculizumab–mycophenolate mofetil (MMF).

Cases

Case 1

For this 4-year-old boy without medical history, diarrhea first
led to the assumption of typical HUS; he was therefore includ-
ed in the ECULISHU trial (NCT02205541) and received
weight-based eculizumab infusions from day 3, according to
the study protocol [6]. However, no toxins were found in his
stools; both signs of complement activation (C3 0.45g/L, N
0.80–1.50, C4 0.19g/L, N 0.14–0.32, and CH50 34UI/mL, N
41–95) and a significant titer of anti-CFH antibodies (40,500
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UA, threshold for significant positivity of 500–1000UA) con-
firmed the diagnosis of aHUS. Genetic analysis revealed a
classical isolated complete homozygous deletion of CFHR1–
CFHR3. The maximum kidney function impairment was ob-
served at day 4 (eGFR 24 mL/min per 1.73 m2), with oliguria
and transient arterial hypertension, responsive to diuretic ther-
apy. No kidney replacement therapy was necessary. Two
transfusions of red blood cells (day 1 and day 7) and one of
platelets (day 1) were required. The patient did not present any
extra-renal symptoms.When the result of anti-CFH antibodies
was received at day 26, MMF was started. The anti-CFH
antibody titer reached non-significance 5 months after diag-
nosis and eculizumab was thus stopped. As the level of anti-
bodies remained low (< 1000 UA), MMF was decreased and
eventually withdrawn 3 years after the onset of disease.With a
1-year follow-up from MMF withdrawal, antibodies are still
very low (257 UA), and no relapse has been observed.

Case 2

A 10-year-old girl without significant medical history presented
HUS symptoms without bloody diarrhea, during a rhino-
pharyngitis episode. An aHUS was suspected because of the
association of viral infection and complement activation (C3
0.73 g/L, C4 0.18 g/L, and CH 50 < 14 UI/mL). A significant
titer of anti-CFH antibodies (18520 UA) confirmed the diagno-
sis, and a complete genetic analysis highlighted a homozygous
deletion of CFHR1–CFHR3. Neither anti-hypertensive therapy
nor kidney replacement therapy was necessary. The patient re-
ceived two transfusions of red blood cells (day 3 and day 7); no
platelet transfusions were necessary. She did not present any
extra-renal symptoms. A first eculizumab infusion was adminis-
tered on day 4 and was followed by weekly weight-based infu-
sions for 3 weeks [6], until maintenance therapy was started,
associating eculizumab and MMF. Kidney function and hemo-
lysis normalized within 20 days. Eculizumab infusions were pro-
gressively spaced out and withdrawn after 18 months, as both
clinical and biological evolutions were favorable (stable anti-
CFH antibody titer below 5000 UA). MMF was decreased 4
years after the onset of the disease with a stable level of antibod-
ies around 1000 UA. With a follow-up of 4.5 years, there has
been no relapse and antibody levels have remained stable under
low MMF therapy. No side effects have been reported.

Figure 1 summarizes the management of these patients.
This retrospective series of cases was approved by the local
IRB (Comité d’éthique des Hospices Civils de Lyon, session
June 7, 2018).

Discussion

We believe that this is the first report of transient eculizumab
and MMF therapy combination in pediatric aHUS due to anti-

CFH antibodies. Before the eculizumab era, the prognosis of
aHUS was poor whatever the cause, leading in pediatrics to
chronic kidney disease (CKD) stage 5 in 30% and to death in
8–10% of cases [1, 7]. CFH seems to be the most affected
complement protein in aHUS: its mutations are found in 20 to
30% of the screened patients and anti-CFH antibodies in about
6 to 10% [8]. A complete homozygous deletion of CFHR1
andCFHR3was found in both our patients, as in most patients
presenting anti-CFH antibodies, suggesting a potential patho-
genic role in their development [2]. In this setting of aHUS
due to anti-CFH antibodies, mortality rates remain between 9
and 16%, at 3 years, 30% of patients are either dead or present
CKD stage 5. Immunosuppressive treatments probably pre-
vent the risk of recurrence [1].

All these observations have led to patients with aHUS due
to anti-CFH antibodies being treated according to the “stan-
dard” first-line treatment [1, 9–11], as follows: high doses of
corticosteroids associated with early plasma exchange (PE),
and sometimes rituximab and cyclophosphamide. This strate-
gy induces a strong and rapidly effective immunosuppression,
with a steep decrease in anti-CFH antibody titers at every PE,
and stable low antibody titers within 30 to 40 days, followed
by a concomitant disappearance of symptoms [12]. Because
of the side effects induced by these treatments (and notably
cardiovascular morbidity, impaired growth, osteoporosis and
mood disorders with corticosteroids, infectious risk with ritux-
imab, decreased fertility, infectious risk and increased tumoral
risk with cyclophosphamide) on the one hand, and the signif-
icant frequency of kidney sequelae and the higher risk of re-
currence rate if immunosuppression is not started or insuffi-
cient on the other hand [7, 11], physicians have to find other
therapeutic strategies [9]. In this setting, even though
eculizumab is expensive and not available in all centers, it
seems interesting to use it if available. Indeed, as compared
to PE, neither central venous access nor extracorporeal circu-
lation is required, implying fewer complications and improved
quality of life.

In the 2016 consensus approach to the management of
aHUS in children [1], eculizumab is suggested as a first-line
treatment, especially since anti-CFH antibody titers are never
obtained immediately. If eculizumab is not available within 24
to 48 h, PE should be preferred. Afterwards, if anti-CFH an-
tibodies are positive, the management depends on the severity
of symptoms: if there are severe extra-renal symptoms, a com-
bination of PE, eculizumab infusion (after each PE), and
strong immunosuppression with corticosteroids and cyclo-
phosphamide or rituximab [1, 2] should be preferred. In con-
trast, if there are only mild extra-renal symptoms or even
exclusive renal symptoms, choosing between eculizumab
and PE is reasonable. With PE, an additional strong immuno-
suppressive regimen (i.e., corticosteroids and cyclophospha-
mide or rituximab) is recommended; with eculizumab, an em-
pirical “intermediate” immunosuppressive treatment (i.e.,
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adding corticosteroids or MMF) could be considered [1].
Puraswani et al. reported 436 children diagnosed with aHUS
due to anti-CFH antibodies. PE was performed in 78% of
cases, and immunosuppressive induction or maintenance reg-
imens were performed in 74% of patients [11]. They showed
that combining PE and immunosuppressive therapies im-
proved long-term outcomes while maintenance immunosup-
pression reduced the risk of relapses. As such, they suggested
to associate acute primary care with maintenance immunosup-
pression for 2 years from the onset of the disease [11].

For our patients presentingmild TMA symptoms, we chose
to use the recommended weight-based eculizumab doses,
without any adjustment to kidney function, combined with
MMF [1]. Since the evidence level of such a treatment is
low, we targeted the same area under the curve (AUC) than
the one used for other kidney diseases: MMF was introduced
at 600 mg/m2 twice daily and secondarily adapted to obtain
AUC around 50 mg h/L (45–60 mg h/L), so as to be efficient
with tolerable side effects, and particularly digestive disorders
and leucopenia, as proposed in nephrotic syndrome [13] and
in systemic lupus erythematous [14].

Our management led to a slower decrease of antibody titers
(i.e., more than 5 months for our patients vs 1.5 months in the
literature with the standard treatment [15]). As there were no
signs of recurrence, eculizumab was withdrawn, respectively
9 and 18 months after the onset of the disease. MMF was
stopped in patient 1, without any relapse so far. As antibody
titers remained significantly positive in patient 2, the

recurrence risk seemed higher and led us to maintain a long-
term immunosuppression.

The side effects of this eculizumab–MMF association must
also be discussed: MMF can cause intestinal disorders, and
eculizumab can cause anaphylactic reactions and lower im-
mune response to encapsulated bacteria, making immuniza-
tions (especially anti-meningococcal and anti-pneumococcal)
mandatory in these patients as well as long-term oral
antibioprophylaxis by penicillin V.

Our two patients fully recovered, but the limited number of
cases makes it difficult to draw strong conclusions. Data are
scarce on pediatric aHUS due to anti-CFH antibodies in the
era of eculizumab; as such, the comparison of the benefit–risk
ratio of different therapeutic strategies is almost impossible.
With these limitations in mind, we may nevertheless hypoth-
esize that the favorable outcomes observed in our two patients
are due to an early management targeting both the cause and
consequences of the disease, with MMF and eculizumab, re-
spectively. Brocklebank et al. reported seven patients out of
17 pediatric aHUS due to anti-CFH antibodies and genetic
variants in the complement pathway. As found in our two
patients, three of them displayed homozygous deletion of
the CFHR1/CFHR3 complex [5], and of the four patients
who were on long-term eculizumab as maintenance therapy,
none had relapsed with a mean follow-up of 6.4 years [5].
Conversely, here, we present two patients in whom
eculizumab was withdrawn 3 years ago. As such, we think
that these two cases bring some novel insights in the field,
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Fig. 1 Evolution of anti-factor H
antibodies in the two patients.
Panel A represents the evolution
of patient 1 and panel B the evo-
lution of patient 2
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suggesting that the expensive eculizumab therapy can bewith-
drawn when anti-CFH titers are stable under MMF therapy.
The withdrawal of MMF could even be considered secondar-
ily, but the timing and pre-conditions to achieve it cannot be
extrapolated from a single patient.

In conclusion, the association of eculizumab and MMF
appears to be an effective and safe option in pediatric aHUS
due to anti-CFH antibodies, especially in cases of mild
severity.
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