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Abstract

Rationale and objective Patients with atypical hemolytic uremic syndrome (aHUS) have long been considered ineligible
for kidney transplantation (KTx) in several centers due to the high risk of disease recurrence, graft loss and life-threatening
complications. The availability of Eculizumab (ECU) has now overcome this problem. However, the best approach towards
timing, maintenance schedule, the possibility of discontinuation and patient monitoring has not yet been clearly established.
Study design This is a single center case series presenting our experience with KTx in aHUS.

Setting and participants This study included 26 patients (16 females) with a diagnosis of aHUS, who spent a median of
5.5 years on kidney replacement therapy before undergoing KTx. We compared the aHUS relapse rate in three groups
of patients who underwent KTx: patients who received no prophylaxis, patients who underwent plasma exchange, those
who received Eculizumab prophylaxis. Complement factor H-related disease was by far the most frequent etiology (n=19
patients).

Results Untreated patients and patients undergoing pre-KTx plasma exchange prophylaxis had a relapse rate of 0.81 (CI
0.30-1.76) and 3.1 (CI 0.64-9.16) events per 10 years cumulative observation, respectively, as opposed to 0 events among
patients receiving Eculizumab prophylaxis. The time between Eculizumab doses was tailored based on classic complement
pathway activity (targetto <30%). Using this strategy, 12 patients are currently receiving Eculizumab every 28 days, 5
every 24-25 days, and 3 every 21 days.
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Conclusion Our experience supports the prophylactic use of Eculizumab in patients with a previous history of aHUS under-

going KTx, especially when complement dysregulation is well
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documented by molecular biology.
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Introduction

Atypical hemolytic uremic syndrome (aHUS) is a rare,
progressive and life-threatening disease characterized by
platelet consumption, microangiopathic, mechanical non-
immune-mediated hemolysis, and acute kidney damage [1].
Organ damage may not be limited to the kidney, with a pro-
portion of patients experiencing neurological involvement
and other extra-renal manifestations. The disease, which is
often triggered by infections, pregnancy, delivery and sur-
gery, is mainly caused by the uncontrolled activation of the
alternative complement pathway. Overactivation is related
to mutations in genes encoding complement regulatory pro-
teins i.e. complement factor H (CFH), complement factor I
(CFI), membrane co-factor protein CD46 (MCP), comple-
ment factor B (CFB), and complement component 3 (C3)
[2-5]. Auto-antibodies against CFH (anti-CFHAAs) have
also been identified as pathogenic factors, mainly in patients
with a CFHR1-CFHR3 deletion [6].

Atypical HUS accounts for at least 10—-15% of all cases of
HUS in children [7]. In adults it may be even more frequent
and severe, as the case-fatality rate during the acute phase is
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2-10% and disease progression to end-stage kidney disease
(ESKD) occurs in at least 30% of cases [8].

Patients with complement alternative pathway dysregula-
tion due to genetic abnormalities are at life-long risk of dis-
ease relapse. The disease has long been considered by many
centers a contraindication to kidney transplantation (KTx)
because of the very high risk of recurrence (80% within one
year), graft loss and life-threatening complications [8—10].

The complement inhibitor Eculizumab (ECU) (Soliris,
Alexion Pharmaceuticals Inc., Boston, MA, USA), is a
humanized monoclonal antibody whose specific high affin-
ity to C5 blocks its cleavage into pro-inflammatory C5a,
preventing the formation of membrane attack complex C5b-
9. ECU has led to excellent results in treating the disease
during the acute phase and in preventing relapses once the
active thrombotic microangiopathy (TMA) is in remis-
sion [11-15]. The availability of ECU, as the first and only
approved treatment for aHUS since 2011, has made it possi-
ble for patients to safely undergo KTx. However, it is unclear
whether ECU should be used prophylactically or just for
the treatment of post-KTx relapses. Furthermore, regarding
the prophylactic use of ECU, to date, the best maintenance
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schedule, the possibility of discontinuation and patient mon-
itoring have not yet been clearly established.

The aim of the present paper is to describe our experi-
ence with KTx in a cohort of pediatric and adult patients
with a documented diagnosis of aHUS, specifically focusing
on the strategies used to prevent disease relapse and on the
non-conventional use of prophylactic ECU tailored on global
complement activity.

Methods
Study population

This retrospective analysis considered all pediatric and adult
patients with a diagnosis of aHUS-related ESKD undergoing
KTx (from both living and deceased donors) at our Center
during the last 20 years. They were all screened for known
acquired (antiCFHAAs) or genetic complement dysregula-
tion at our Molecular Biology Laboratory. Demographic and
clinical characteristics at disease onset, at KTx and during
the follow up were collected from the patients’ charts.

All adult patients and, for minors, their legally author-
ized representatives, provided consent for the study and for
its publication. The study was approved by our Institution’s
Review Board.

Laboratory procedures

Genetic work out of patients was carried out by Sanger
sequencing of the genes known to be involved in aHUS
(CFH, CFB, CFI, C3, MCP and THBD) and by multiplex
ligation-dependent probe amplification (MLPA) search for
macro-rearrangements such as hybrid CFH-CFHR genes.
In the last years, next-generation sequencing of a mul-
tiple gene custom panel extended the analysis to CFH-
related and DGKE genes. The functional significance of
any unpublished and uncommon variants was assessed by
means of in silico analysis.

HLA class I and class II were typed as previously
described [16]. Anti-HLA class I and class II IgG anti-
bodies (Abs) were detected using a LABScreen Mixed kit
and single-antigen bead (SAB) assays (One Lambda, Los
Angeles, CA, USA) [17]; all results above a Mean Fluo-
rescence Intensity (MFI) cut-off value of 1,000 were con-
sidered positive. Before testing, all of the serum samples
were pre-treated with disodium EDTA (Sigma-Aldrich,
Milan, Italy) [18].

Heat-inactivated patient serum samples were tested
using ClgScreen™ (One Lambda) in order to identify
complement-binding antibodies as previously described
[19].

Definitions

Relapsing aHUS was defined as the concomitant presence
of platelet consumption (platelet count < 150,000/mm3 or
an acute reduction to < 50%), evidence of hemolysis (ane-
mia or haptoglobin levels below the lower normal limit of
30 mg/dL or lactic dehydrogenase above the upper normal
limit), and worsening kidney function (increased serum
creatinine or hematuria or proteinuria).

Prophylaxis of aHUS relapse

Before 2007, very few aHUS patients had undergone KTx
at our Center (n: 6) and no specific preventive measures
were being taken at that time. Given the poor results,
patients undergoing KTx between 2007 and 2011 received
plasma prophylaxis (PP) to prevent disease relapse [20,
21]. Our protocol consisted of one plasma exchange (PEX)
(exchanging 1.5 plasma volume) using fresh-frozen plasma
(FFP) immediately before KTx, followed by several ses-
sions after KTx (at least six within the first three weeks)
and subsequent regular weekly FFP infusions (20 mL/kg)
aimed at maintaining disease remission. After 2010, the
availability and proven efficacy of ECU prompted us to
change the procedure, initially administering ECU after
pre-KTx PEX, and later administering ECU prophylaxis
alone as a single administration of 900 mg (in adults)
immediately before KTx, followed by a second and third
dose in subsequent weeks.

Tailored Eculizumab maintenance treatment

Following the initial ECU doses the subsequent ones were
based on the classic complement pathway activity (CCPA),
with the aim of maintaining a CCPA of <30% [22, 23].
CCPA was measured right before the third dose of ECU,
and if <30%, the subsequent doses were delayed. Continual
monitoring of the CCPA right before each other dose was
performed with the aim of keeping it suppressed. This new
approach to ECU dosing based on CCPA was first developed
in patients with aHUS with a native kidney [23] and later
applied to patients with a KTx.

Immunosuppression regimen
The immunosuppression protocol for KTx included steroids,

basiliximab, a calcineurin inhibitor (cyclosporine or tacroli-
mus) and mycophenolate mofetil.
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Table 1 (continued)

Outcome (cause)

Current ECU Time on

regimen mg/

HUS relapse (res-

cue Rx)

Prophylaxis post-

KTx

MM HLA  Prophylaxis pre-

Age at HUS  Age at

Complement abnormalities

Gender

Patient no

or sCr (mg/dL) at

last FU

Ktx (yrs)

KTx

KTx

onset (yrs)

days’interval (BW)

(yrs)
249

1.2

ECU No 1200/28 (45) 1

ECU

23

CFI (p.Ala431Thr) + MCP

F

24

(c.286+T>G)

CFI

0.6

1.6

900/28 (58)

ECU No

ECU

NA

26.8

23.7

25

(p.Lys441Arg) + xCFHAAb

CFH (p.Vall197Ala)

1.0

ECU No 1200/24 (69) 1.2

ECU

18.8

0.5

M

26

HUS hemolytic uremic syndrome, KTx kidney transplantation, Rx treatment, BW body weight, FU follow-up, CFH complement factor H, CFI complement factor I, MCP membrane co-factor
protein, dCFHAAbs anti CFH Auto-Antibodies, PP plasma prophylaxis, ECU Eculizumab, PEX plasma exchange, RRT renal replacement therapy, CAD chronic allograft dysfunction, MM mis-

match, NA not available. RP relapse, RJ rejection

Results
Baseline data

Over the last 20 years, a total of 26 patients (16 females)
with an established diagnosis of aHUS followed up at
our Center have undergone 35 KTx, the vast majority of
which have been performed since 2010, after ECU became
available. Seventeen patients were at their first transplan-
tation, whereas 9 had undergone a previous KTx (includ-
ing some that had not been performed at our Center). Ten
were children at the time of aHUS onset, 6 of whom were
still of pediatric age at the time of KTx. Two patients had
had pregnancy-related aHUS. Two patients received a graft
from a living related donor: one (No. 18), with anti-CFH
autoantibody-related disease without gene mutations, while
the other (No. 25) had hematopoietic stem cell transplanta-
tion (HSCT)-related aHUS (her father was the donor of both
the bone marrow and later of the kidney) [24].

Patients had spent a median of 5.5 years, (IQR 2.8-8.2)
on dialysis before KTx and some (n: 5) had been on dialysis
for more than ten years.

All of the patients except No. 23 had complement dys-
regulation, the most frequent of which was CFH abnormal-
ity (19 patients, 2 of whom also had another complement
regulatory gene mutation) (Table 1). Altogether, 9 of the
26 patients experienced a relapse of aHUS after KTx, all
without C5-inhibition treatment. The relapses occurred in 7
of the 19 subjects with a complement abnormality involv-
ing CFH, the 2 remaining relapsing patients had CFI gene
abnormalities.

Prevention of relapses

Our experience with KTx has moved from using no prophy-
laxis against relapses (until 2007) to the routine use of PP
(2007-2010) and, since 2010, prophylaxis with ECU. Some
of the patients prescribed with plasma or ECU prophylaxis
subsequently discontinued it, therefore the preventive strate-
gies were not mutually exclusive (Fig. 1).

Ten patients underwent KTx without any prophylaxis
against relapse. This was due to various factors including
unclear pathophysiology, the specific genetic etiology had
not yet been identified or the risk of relapse was considered
very low (CFI mutations) or unlikely (MCP mutations).
The relapse rate in this group was 0.81 events/10 years of
cumulative observation (CI 0.30-1.76), over a total of 74.3
patient-years, and a median of 6.2 years (IQR 7.0-10.8).

From 2007, six patients entered an intensive program of
FFP supplementation (see “Methods”) before and after KTx.
The total cumulative observation in plasma prophylaxis was

@ Springer
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Historical representation of the experience with kidney transplantation in aHUS at Milano HUS Center
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Fig.3 Platelet count and haptoglobin in transplanted patients on
Eculizumab maintenance treatment tailored on classical complement
pathway activity

9.6 patient-years (median of 0.9 years, IQR 0.2-3.5), and the
relapse rate was 3.1 events/10 years (CI 0.64-9.16).

From 2010, the use of ECU as a prophylactic strategy
became the standard of care at our Center (see “Methods”).
A total of 23 patients were transplanted with the use of ECU
and the relapse rate was zero, over a cumulative observation
period of 78.5 patient-years (median 3 years, IQR 1-5).

Eculizumab discontinuation and tailored treatment

Two patients discontinued ECU prophylaxis: No. 18 because
the anti-CFHAAbs responsible for aHUS were no longer
detectable a few months after KTx, and No. 23 because
she had no documented complement abnormality. Neither
of them relapsed during an observation period of 6.9 and
2 years, respectively [24, 25].
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300
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Blocked Impaired

Twenty patients remained on ECU maintenance proph-
ylaxis, with the time between ECU doses being extended
on the basis of a target CCPA of <30% (see “Methods”).
Twelve are currently receiving infusions every 28 days, 5
every 24-25 days, and 3 every 21 days.

The CCPA obtained using the ECU tailoring strategy is
shown in Fig. 2: of the 439 determinations made during the
entire cumulative observation period of 602 months, com-
plement activity was completely blocked (CCPA <10%) in
358 (81%), in 68 (15.5%) it was impaired (CCPA 10-70%),
and only 13 (3.0%) had a normal CCPA (>70%). None of
the patients relapsed during the entire cumulative observa-
tion period on tailored ECU treatment. As shown in Fig. 3,
the platelet count never dropped below 100,000/mm?® and
haptoglobin always remained within the normal range. The
comparison of platelet count and haptoglobin concentration
between blocked and only impaired CCPA did not reveal any
difference (Fig. 4).

Complications

One patient on ECU developed severe meningococcal B sep-
sis before immunization against this serotype was available.
The treatment was not discontinued and the patient fully
recovered without sequelae.

No increase in incidence or severity of the infections fre-
quently associated with KTx (UTI, upper respiratory tract
infection) was observed in the other ECU-treated patients.

Haptoglobin (mg/dL)

200 T

1

50

Blocked Impaired

Classical Complement Pathway Activity (%)

Fig.4 Box-plot of platelet count and haptoglobin in transplanted patients on tailored. Eculizumab maintenance treatment with blocked

(CCPA < 10%) vs. impaired (CCPA 10-69%) global complement activity
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Discussion

In the past, patients with ESKD secondary to aHUS were
exposed to long periods of dialysis because many centers
discouraged KTx given the very high risk of disease relapse.
On the other hand, although the estimated risk of relapse was
as high as > 80%, some centers (including ours) occasionally
did perform KTx without taking any preventive measures.

In the present study, we retrospectively compared three
different approaches to patients with ESKD, secondary to
aHUS undergoing KTx at our Center. Patients were divided
into those who underwent KTx without any preventive
measures, patients who received preventive treatment with
large volumes of FFP and patients who underwent a prophy-
lactic program with ECU starting right before KTx.

The comparison among the three groups shows how ECU
prophylaxis was highly effective in preventing relapses com-
pared to either FFP or no treatment at all. In our case series,
ECU eliminated the risk of relapse over a cumulative obser-
vation period lasting as long as > 70 patient-years.

A similar finding was also recently reported by Siedlecki
[26], who highlighted how patients from the Global aHUS
Registry treated with Eculizumab during and after KTx had
much better kidney outcomes in terms of GFR than patients
treated only after a relapse.

Likewise, we do not support the use of ECU only for
treating relapses, but also for prophylactic use, for two rea-
sons; firstly, we are aware that an aHUS relapse on kidney
grafts can have disrupting consequences, and because of the
overall intrinsic risk of triggering a rejection that an aHUS
relapse would have.

Our previous experience of KTx in aHUS patients with-
out preventive measures to avoid relapses was associated
with relatively poor outcomes. It may be important to under-
line that even subjects with CFI gene mutations exhibited a
risk of relapse with 1 patient experiencing a relapse as late
as 10 years after KTx (further complicated by acute rejection
and ultimately by graft loss).

The high prevalence of complement abnormalities in
the present series compared to that reported in the gen-
eral population of aHUS warrants a comment. Patients
reaching ESKD represent a subgroup and are not neces-
sarily representative of the general population of patients
with aHUS. Moreover, the relatively higher risk of relapse
among patients who received plasma prophylaxis in com-
parison with those who underwent transplantation without
any specific prophylaxis (3.1 vs 0.81 events/10 year) can be
explained by a selection bias: all of the former patients had
severe underlying defects (CFH mutations in 5/6) as against
only 5/11 of the latter group.

Based on our experience, we think that all patients with
ESKD due to confirmed or suspected aHUS (regardless of
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their age at onset or disease severity) should be carefully
screened for all the known (genetic and acquired) causes of
aHUS in order to make the most appropriate decisions with
regard to prevention of disease recurrence.

Our current protocol asserts that idiopathic cases and
patients with MCP mutations receive a single 900 mg dose
of ECU just before KTx in order to protect the peri-trans-
plant period, the most critical as to risk of triggering disease
relapses. Anti-C5 treatment is then discontinued because
idiopathic and MCP patients have a low risk of relapse, but
patients are carefully monitored for relapses (see below),
with particular attention during invasive procedures, acute
infections or rejection.

In patients with aHUS due to anti-CFHAAs, an attempt
to reduce the antibody titer below the limit of non-relapse
(<1000 AUs) is made before KTx. This can be done in
various ways such as using steroids, PEX, rituximab, aza-
thioprine or cyclophosphamide [27]. Once anti-CFHAA
levels are stably below the given threshold, thus with little
or no risk of relapse, C5 inhibition is discontinued, although
the patient and the auto-antibody titer are still carefully
monitored.

All patients with aHUS due to CFH, CFI, CFB and C3
defects receive peri-KTx and post-KTx ECU prophylaxis
since a relapse might trigger acute rejection with some-
times, devastating consequences. The combination of the
two events (relapse and rejection) seems to be more than just
a coincidental occurrence: out of 11 lost grafts, three failed
because of the combination of both events (see Table 1).

As far as monitoring patients for relapses at our center,
patients that are not (or are no longer) receiving anti-C5
treatment are required to test their urine for hemoglobinuria
every week at home, using a urine dipstick for the early
identification of relapses, especially during acute illnesses
and when they feel unwell [28].

With regard to complications, ECU treatment is associ-
ated with an increased risk of invasive meningococcal dis-
ease [29]. This risk is estimated to be 7,000-10,000 times
higher in subjects with C5-C8 deficiencies, and 1,400 times
higher in subjects with C9 deficiencies. However, in these
patients it has been observed that the case-fatality rate is
markedly lower (<3%) compared to subjects without com-
plement deficiencies. Thus, it can be speculated that the dif-
ference in severity is due to the reduced release of cytokines
in the absence of the membrane-attack complex [30].

Our findings support and strengthen the value of comple-
ment functional tests (CCP) when monitoring the adequacy
of ECU administration used for relapse prevention [22, 23].
Complement activity was suppressed by ECU in all of our
patients, even though the time between subsequent doses had
been progressively increased, from the standard 14 days to
21or even 28 days. Despite the increased between-dose inter-
val, none of the patients experienced a disease relapse during
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the very long cumulative observation period (> 70 patient-
years). In addition, for many patients with a body weight
of 40-60 kg, 900 mg of ECU often proved to be enough to
obtain adequate complement inhibition. Our strategy is not
necessarily aimed at completely blocking complement func-
tion (CCP activity < 10%), but at limiting it to <30%. Once
again, no relapse was recorded during the entire observa-
tion period, including periods characterized by incomplete
complement inhibition with CCP activity well above the set
target (Fig. 4).

We are well aware that other investigators had a different
approach with regard to the management of relapse risk of
aHUS in KTx [31]. In particular Duineveld et al. reported
a considerably large series of patients with aHUS who
underwent KTx without any specific preventive measures
and their good results seem to suggest that C5 inhibition is
unnecessary [32]. However, as time goes by, a longer obser-
vation period might bring different conclusions as shown by
our own past experience with cases relapsing several years
after KTx (Fig. 1).

Among the possible limitations of the present study, one
is that the diagnosis of aHUS relapse was mostly based on
clinical grounds alone given that the low platelet count did
not allow for a biopsy-proven diagnosis. Another limita-
tion is that the work is retrospective as it covers a 20-year
span (during which the management of transplantation has
changed a great deal) and is based on a relatively small num-
ber of patients. Finally, anti-HLA autoantibodies were not
systematically tested in this cohort (especially in the past)
to allow any insight into their possible role in triggering the
disease. A well-designed prospective study is clearly needed
to answer the key question of whether C5 inhibition is neces-
sary in all patients with atypical HUS undergoing KTx, and
how long the treatment should be continued for.

In the meantime, patients need to be treated, and this can
only be done based on the evidence stemming from the expe-
rience accrued with case series.

Our experience leads to the conclusion that patients
undergoing KTx due to aHUS should receive ECU prophy-
laxis. We also suggest that the maintenance treatment sched-
ule should be individualized according to CCP activity. This
tailored treatment approach leads to excellent outcomes with
an improvement in the patients’ quality of life and a signifi-
cant reduction in costs.
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