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ABSTRACT

Background. Eculizumab modifies the course of disease in patients with atypical haemolytic uraemic syndrome (aHUS), but
data evaluating whether eculizumab discontinuation is safe are limited.

Methods. Patients enrolled in the Global aHUS Registry who received �1 month of eculizumab before discontinuing,
demonstrated haematologic or renal response prior to discontinuation and had �6 months of follow-up were analysed. The
primary endpoint was the proportion of patients suffering from thrombotic microangiopathy (TMA) recurrence after
eculizumab discontinuation. Additional endpoints included: estimated glomerular filtration rate changes following
eculizumab discontinuation to last available follow-up; number of TMA recurrences; time to TMA recurrence; proportion of
patients restarting eculizumab; and changes in renal function.

Results. We analysed 151 patients with clinically diagnosed aHUS who had evidence of haematologic or renal response to
eculizumab, before discontinuing. Thirty-three (22%) experienced a TMA recurrence. Univariate analysis revealed that
patients with an increased risk of TMA recurrence after discontinuing eculizumab were those with a history of extrarenal
manifestations prior to initiating eculizumab, pathogenic variants or a family history of aHUS. Multivariate analysis showed
an increased risk of TMA recurrence in patients with pathogenic variants and a family history of aHUS. Twelve (8%) patients
progressed to end-stage renal disease after eculizumab discontinuation; seven (5%) patients eventually received a kidney
transplant. Forty (27%) patients experienced an extrarenal manifestation of aHUS after eculizumab discontinuation.

Conclusions. Eculizumab discontinuation in patients with aHUS is not without risk, potentially leading to TMA recurrence
and renal failure. A thorough assessment of risk factors prior to the decision to discontinue eculizumab is essential.
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INTRODUCTION

Atypical haemolytic uraemic syndrome (aHUS) is a rare
complement-mediated disease with an estimated annual
incidence of 0.23–1.9 per million [1]. Despite plasma therapy,
historically aHUS had poor outcomes, with many patients
developing end-stage renal disease (ESRD) or dying [2, 3].

Eculizumab (Alexion Pharmaceuticals, Inc., Boston, MA,
USA), a humanized monoclonal antibody that blocks terminal
complement C5 activation, was approved for the treatment of
patients with aHUS in 2011 [4, 5]. Data from four prospective
clinical trials [6–10], the Global aHUS Registry [11] and observa-
tional studies [12–14] have demonstrated that eculizumab
changes the clinical progression of patients with aHUS, sub-
stantially improving haematologic, renal, transplant and quality
of life outcomes, with a favourable safety profile.

While eculizumab is indicated for life-long treatment [4],
some experts advocate for a risk-based, personalized treatment
approach in certain patients [15–17]. However, there is a paucity
of evidence informing such decisions. Thrombotic microangiop-
athy (TMA) recurrence has been reported in 20–30% of patients
after eculizumab discontinuation. Thus, any decision to discon-

tinue treatment must be carefully considered [13, 15–22]. Data
from a long-term, prospective trial showed that patients discon-
tinuing eculizumab had a 13.5-fold higher rate of TMA and
trended towards reduced renal function versus those remaining
on treatment [13]. Several groups were identified as particularly
high risk for TMA recurrence, including patients with: (i) identi-
fied complement pathogenic variants or complement factor H
(CFH) autoantibodies [2, 3]; (ii) paediatric onset; and (iii) multiple
episodes of TMA [13]. These data agree with retrospective and
registry analyses [15, 16, 21]. Pregnant patients, renal transplant
patients and patients with low estimated glomerular filtration
rate (eGFR<20 mL/min/1.73 m2) may also be at increased risk
following eculizumab discontinuation [18, 19].

Currently, no prospective controlled studies defining eculi-
zumab discontinuation criteria have been published, although
several European studies are in progress [SETS aHUS (2017-
003916-37); CUREiHUS (NTR5988/NL5833); STOPECU
(NCT02574403)]. Current recommendations stipulate that if
treatment is to be discontinued, it should be on a patient-by-
patient basis with close monitoring [15, 17, 18, 21, 23, 24].
Restrictive dosing of eculizumab with gradual tapering of ther-
apy may also be considered [17], but lacks robust evidence [25].

The Global aHUS Registry provides the opportunity to ana-
lyse prospective real-world data from a large number of
patients. Here, we report outcomes in patients with aHUS
whose condition improved on eculizumab, and who subse-
quently discontinued. The aims of this analysis were to describe
the characteristics and outcomes of patients who suffered a
TMA recurrence following eculizumab discontinuation com-
pared with those who did not.

MATERIALS AND METHODS
Study design

The Global aHUS Registry (NCT01522183) is an observational,
non-interventional, multicentre registry that retrospectively
and prospectively collects demographic characteristics, medical
and disease history and treatment outcomes in patients with
aHUS. Further details of the registry have been described [26].

Patients

Registry-enrolled patients (all with an investigator-determined
clinical diagnosis of aHUS) were included in the current analysis
if they: (i) had received treatment with eculizumab and had evi-
dence of therapeutic response, defined as lactate dehydroge-
nase (LDH) <1.5� upper limit of normal or platelet count
�150 000/lL or eGFR>30 mL/min/1.73 m2 or a decrease in serum
creatinine by 25% compared with baseline (last available value
prior to eculizumab) within 6 months prior to discontinuation;
(ii) received at least 1 month of eculizumab treatment prior to
discontinuation; and (iii) had at least 6 months of follow-up af-
ter initial eculizumab discontinuation, unless TMA recurred
sooner (Figure 1).

Patients were excluded if they were on chronic dialysis (de-
fined as �3 months’ duration of dialysis) at time of discontinua-
tion; had temporally related triggers of TMA including bone
marrow transplant within 1 year; had a Streptococcus pneumoniae
infection within 14 days; or a history of drug-induced TMA
according to the investigator. Patients were also excluded if
they had an alternative diagnosis as a reason for eculizumab or
registry discontinuation.

Endpoints

The primary endpoint was the proportion of patients presenting
with a TMA recurrence after eculizumab discontinuation. The
definition of TMA recurrence was per treating physician obser-
vation, who must have actively indicated that a TMA had oc-
curred in the patient’s clinical report form. A patient was
considered to have a TMA relapse if the investigator reported
‘TMA complications related to aHUS’, ‘TMA signs and symp-
toms’ or any other TMA in the patients’ clinical report form per
their own clinical judgement. A patient was considered to have
suffered a TMA recurrence if a TMA was reported in any of these
forms after the date of eculizumab discontinuation. The sec-
ondary endpoint was change in eGFR from time of eculizumab
discontinuation to last available follow-up. Exploratory end-
points included: the number of TMA recurrences after discon-
tinuation; time to TMA recurrence after discontinuation;
proportion of patients that restarted eculizumab after discon-
tinuation; change in renal function, as evaluated by eGFR, clas-
sified as improved (increase �15 mL/min/1.73 m2), stable (no
change) or worsened (reduction �15 mL/min/1.73 m2) compared
from time of eculizumab discontinuation to last available
follow-up; time to ESRD after discontinuation; and change in
anti-hypertensive management after discontinuation. Renal
outcomes were also investigated in a subset of patients who
showed an initial renal response while on eculizumab, defined
as �25% decrease in serum creatinine.

The analysis also assessed other TMA complications/mani-
festations related to aHUS, which included the occurrence of
any of the following: hypertension (including malignant hyper-
tension), thrombosis, biopsy-proven TMA, seizures, worsening
renal function, proteinuria, haematuria and worsening of hae-
molytic anaemia, as diagnosed by the attending physician. TMA
manifestations also included extrarenal symptoms associated
with cardiovascular (CV), pulmonary, neurological and gastroin-
testinal (GI) disease.

Statistical analysis

Continuous data were summarized descriptively in terms of
median (range); categorical data were summarized in terms of
the number of patients with non-missing data, and frequency
counts with percentages were also calculated. This analysis
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defined eculizumab discontinuation as >30 days between doses
of eculizumab or until last available follow-up. There was no
imputation of missing data; for the primary endpoint of TMA re-
currence it was assumed that missing data were missing at ran-
dom, i.e. those without their TMA report form completed were
assumed to not have a TMA recurrence. Logistic regression was
performed to calculate unadjusted odds ratios (ORs) for the risk
of TMA recurrence, and a multivariate analysis was performed
to calculate adjusted ORs for significant variables identified
from the univariate analysis. Additionally, a composite clinical
endpoint was used. The composite endpoint was defined if any
of the following were satisfied: (i) disease relapse or (ii) eGFR de-
crease by 10 mL/min/1.73 m2 or (iii) eGFR decrease by 10%, as
reported by the investigator. The data-cut for this analysis was
1 April 2019.

RESULTS
Patient disposition

A total of 1794 patients were enrolled in the Global aHUS
Registry and 151 patients were included in this analysis

(Figure 1). The most common reasons given for eculizumab dis-
continuation were physician advice (n¼ 37, 25%), improvement
in condition (n¼ 21, 14%) and ‘other’ (n¼ 17, 11%; e.g. dose
change, completion of treatment series, pharmaceutical bene-
fits/financial reasons). Of the 151 patients, 30 patients (19.9%)
restarted eculizumab.

Patient demographics stratified by TMA recurrence
status

The median [interquartile range (IQR)] duration of eculizumab
therapy was 0.96 (0.4–1.6) years and patients were followed for
a median (IQR) of 2.3 (1.4–3.4) years. Thirty-three (21.9%)
patients experienced a TMA recurrence at a median (IQR) of 5.3
(2.4–17.0) months after discontinuing eculizumab, 11 of 51
(21.6%) children at 5.1 (2.7–17.0) months and 22 of 100 (22%)
adults at 10.2 (1.8–18.3) months. Most patients [21 of 30 (66.7%)]
who restarted eculizumab had experienced a TMA recurrence
[7 of 10 children (70.0%) and 14 of 20 adults (70%)]. Three
patients restarted eculizumab for other reasons (pregnancy,
transplantation and prophylaxis for a medical procedure) and

4. On chronic dialysis (defined as ≥ 3 months) at 
    time of discontinuation (n = 96)
5. Bone marrow transplant within 1 year prior to 
    initial TMA complication/manifestation (n = 4)
6. Streptococcus pneumoniae infection within 
    14 days of initial TMA complication (n = 14)
7. A history of drug-induced aHUS according to 
    the investigator (n = 14)
8. Had an alternative diagnosis for eculizumab 
    discontinuation (n = 11)
9. Had an alternative diagnosis for registry 
    discontinuation (n = 18)

Excluded based 
on criteria 4–9

(n = 112)

Analysis of population after applying 
above inclusion/exclusion criteria

N = 151

Patients enrolled in the 
Global aHUS Registry

N = 1794

1. Clinical evidence of response to eculizumab 
    (n = 247)
2. Received ≥ 1 month of treatment with 
    eculizumab prior to discontinuation (n = 388)
3. Had ≥ 6 months of follow-up after initial 
    discontinuation of eculizumab
    OR
    had < 6 months of follow-up after initial
    discontinuation of eculizumab and suffered
    TMA recurrence within this period (n = 453)

Met criteria 1–3 
simultaneously

(n = 200)

FIGURE 1: Patient disposition. A total of 1794 patients were enrolled in the Global aHUS Registry, of whom 151 patients were subsequently included in this analysis.

These patients had been treated with eculizumab with clinical evidence of a response to therapy, and had received at least 1 month of therapy, AND had at least

6 months of follow-up after discontinuation OR had suffered a TMA recurrence within 6 months of follow-up. Additionally, patients fulfilling these criteria must also

not have met any of the exclusion criteria.
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for the remaining six patients, no reason was recorded. The
median (IQR) number of TMA recurrences in affected patients
was 2.0 (1.0–3.0) overall, 2.0 (2.0–3.0) in adults and 2.0 (1.0–2.0)
in children.

Characteristics of patients who suffered a TMA recurrence
were similar to those who did not, with the following excep-
tions: a lower median eGFR before discontinuation, a higher in-
cidence of extrarenal manifestations before first commencing
eculizumab, and a higher proportion of patients with a family
history of aHUS (Table 1).

Complement pathogenic variants

A higher proportion of patients who suffered a TMA recurrence
had an identified pathogenic variant compared with patients
without a TMA recurrence (30.3% versus 15.0%, respectively;
Table 2). CFH and membrane cofactor protein (MCP) pathogenic
variants were the most common, occurring in 12 (12.1%) and 10
(10.8%) patients across the cohort, respectively. Pathogenic var-
iants in both genes occurred in a higher proportion of patients
who suffered a TMA recurrence (CFH, 18.2% versus 10.4%; and
MCP, 15.0% versus 9.6%, respectively; Table 3). CFH

autoantibodies occurred in a higher proportion of those who did
not have a TMA recurrence (23.6% versus 8.7% of tested
patients, respectively).

Risk of TMA recurrence

Univariate logistic regression revealed that patients with an in-
creased risk of TMA recurrence after discontinuing eculizumab
were those with extrarenal manifestations prior to eculizumab
[unadjusted OR ¼ 2.2, 95% confidence interval (CI) 0.95–5.0], any
pathogenic variant found (unadjusted OR ¼ 2.9, 95% CI 1.1–7.9)
or family history of aHUS (unadjusted OR ¼ 6.4, 95% CI 2.1–19.5;
Figure 2A). In the multivariate analysis, an increased risk was
shown for any pathogenic variant found (adjusted OR ¼ 2.1, 95%
CI 0.6–7.9) and family history of aHUS (adjusted OR ¼ 3.3, 95% CI
0.7–14.4; Figure 2B).

Patient Outcomes

Long-term renal outcomes. Median (IQR) eGFR values of 57.8
(30.1–95.8; n¼ 143), 67.0 (35.2–96.4; n¼ 97), 46.8 (32.5–88.5; n¼ 52)
and 62.0 (33.1–93.0; n¼ 35) mL/min/1.73 m2 were observed at the

Table 1. Characteristics of patients stratified by TMA recurrence status

Variable
All patients
(N¼ 146)a TMA recurrence (n¼ 33) No recurrence (n¼ 113)

Age at aHUS onset, years 23.1 (5.6–37.7) 24.8 (3.7–38.9) 22.9 (6.4–35.6)
Female, n (%) 88 (60.3) 18 (54.5) 70 (61.9)
Dialysis at any time prior to eculizumab discontinuation, n (%) 73 (50.0) 16 (48.5) 57 (50.4)
Family history of aHUS 16 (11.0) 9 (27.3) 7 (6.2)
Kidney transplant at any time prior to discontinuation, n (%) 31 (21.2) 6 (18.2) 25 (22.1)
Pregnancy after discontinuation, n (%) 6 (4.1) 2 (6.1) 4 (3.5)
eGFR prior to discontinuation, mL/min/1.73 m2 57.1 (30.0–94.4) 50.5 (35.3–91.3) 64.5 (29.4–95.8)
Duration of eculizumab before discontinuation, years 0.96 (0.4–1.6) 0.95 (0.3–1.4) 0.97 (0.5–1.7)
Time to TMA recurrence after eculizumab discontinuation,

months
– 5.3 (2.4–17.0) –

Adults 10.2 (1.8–18.3)
Children 5.1 (2.7–8.4)

Extrarenal manifestations prior to eculizumab, n (%)
Patients with �1 manifestation 81 (55.5) 23 (69.7) 58 (51.3)

CV 30 (20.5) 9 (27.3) 21 (18.6)
Pulmonary 19 (13.0) 9 (27.3) 10 (8.8)
CNS 36 (24.7) 10 (30.3) 26 (23.0)
GI 54 (37.0) 13 (39.4) 41 (36.3)

aFive of 151 patients included in the analysis did not have data on TMA recurrence, so were excluded from the analysis. All values median (IQR) unless otherwise

stated.

Table 2. Summary of pathogenic variants

Variable
All patients

(N¼ 146) TMA recurrence (n¼ 33)
No recurrence

(n¼ 113)

Tested for at �5 pathogenic variants with no
mutation identified

62 (42.5) 11 (33.3) 51 (45.1)

Tested for <5 pathogenic variants and no
mutation identified

16 (11.0) 2 (6.1) 14 (12.4)

Any pathogenic variant found 27 (18.5) 10 (30.3) 17 (15.0)
Anti-CFH antibody tested and positive 19 (13.0) 2 (6.1) 17 (15.0)
Any pathogenic variant found or anti-CFH

antibody positive
42 (28.8) 12 (36.4) 30 (26.5)

All values n (%).
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nearest timepoint before discontinuation, and at 1-, 2- and 3-
years of follow-up, respectively. Twelve (8.0%) patients pro-
gressed to ESRD in a median (IQR) of 5.4 (0.8–16.5) months after
eculizumab discontinuation, five of whom had a prior kidney
transplant. Eleven of these 12 patients had kidney failure prior
to eculizumab treatment and 6 of these patients had eGFR
<25 mL/min/1.73 m2. Two of the 12 patients progressed to ESRD
after multiple eculizumab discontinuations, restarts and TMA
recurrences and 7 patients eventually received a transplant.

All patients had a renal or haematologic response while on
eculizumab. Among the subgroup of 64 patients (43.8%) who
had a renal response (�25% decrease in serum creatinine), 55
(85.9%) did not suffer a TMA recurrence, while 9 (14.1%) did. In
patients who did not suffer a TMA recurrence, eGFR at the last

follow-up remained stable (Table 4). Of the nine patients who
suffered a TMA recurrence (Table 5), eGFR decrease was noted
in three (33.3%) patients and remained stable in six (66.7%) at
last follow-up (which ranged from 4.4 to 52.1 months where
data were available). All nine patients who had an initial renal
response and suffered a TMA recurrence restarted eculizumab
after the recurrence. However, those with a decline in eGFR at
the last follow-up restarted eculizumab 87, 192 and 310 days af-
ter TMA recurrence, comparatively later compared with those
with a stable eGFR who restarted eculizumab 0, 5, 5, 7, 22 and
95 days after TMA recurrence.

Of the 151 patients included in this analysis, 75 (49.3%)
patients reached the composite endpoint after eculizumab dis-
continuation in a median (IQR) time of 4.5 (2.4–11.5) months.

Table 3. Genotype data stratified by TMA recurrence status

All patients (N¼ 146) TMA recurrence (n¼ 33) No recurrence (n¼ 113)

Pathogenic variant Tested, n

Pathogenic
variant

identified, n (%) Tested, n

Pathogenic
variant

identified, n (%) Tested, n

Pathogenic
variant

identified, n (%)

CFH 99 12 (12.1) 22 4 (18.2) 77 8 (10.4)
C3 89 3 (3.4) 17 1 (5.9) 72 2 (2.8)
CFI 94 2 (2.1) 20 1 (5.0) 74 1 (1.4)
CFB 83 3 (3.6) 17 1 (5.9) 66 2 (3.0)
MCP 93 10 (10.8) 20 3 (15.0) 73 7 (9.6)
THBD 46 2 (4.3) 9 2 (22.2) 37 0
DGKE 36 1 (2.8) 5 1 (20.0) 31 0

C3, complement component 3; CFB, complement factor B; CFI, complement factor I; DGKE, the gene encoding diacylglycerol kinase epsilon; THBD, the gene encoding

thrombomodulin.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Unadjusted odds ratio

Age of onset

A

B

Baseline eGFR prior to discontinuation

Duration of therapy before discontinuation

Extrarenal manifestations prior to eculizumab

Dialysis prior to discontinuation

Any pathogenic variant found

Any pathogenic variant or anti-CFH antibody

Family history

History of > 1 TMA prior to eculizumab

Gender

Pregnancy at/after discontinuation

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Adjusted odds ratio

Any pathogenic variant found
Family history

FIGURE 2: (A) Univariate logistic regression analysis and (B) multivariate logistic regression analysis to determine risk of TMA recurrence after eculizumab discontinua-

tion. Data are shown as unadjusted (A) and adjusted (B) ORs with 95% CI error bars.

2080 | G. Ariceta et al.



Extra-renal manifestations. After discontinuing eculizumab, 40
(27.4%) patients experienced an extrarenal manifestation, 21
(63.6%) patients who suffered a TMA recurrence and 19 (16.8%)
patients who did not suffer a TMA recurrence. GI manifesta-
tions were the most common, occurring in 23 (15.8%) patients,
followed by central nervous system (CNS) [17 (11.6%) patients]
and CV [15 (10.3%) patients] manifestations. Patients with TMA
recurrence after discontinuing eculizumab were at increased
risk of extra-renal manifestations (adjusted OR ¼ 6.32, 95% CI
2.06–19.43).

Antihypertensive medications. At the last available follow-up, a
higher proportion of patients were receiving antihypertensive
medications compared with at the time of eculizumab discon-
tinuation [107 (71.3%) versus 51 (54.3%) patients, respectively].
This increase was observed for both paediatric [36 (70.6%) ver-
sus 15 (50.0%) patients, respectively] and adult patients [71
(71.7%) versus 36 (56.3%) patients, respectively] and across all
types of antihypertensive therapies analysed (which included
agents acting on the renin–angiotensin system, antihyperten-
sives, beta-blocking agents, calcium channel blockers, diuretics
and other cardiac therapies).

DISCUSSION

This prospective, registry-based analysis is the largest reported
data set exploring patient outcomes, including TMA recurrence
and renal function changes, in patients with aHUS who discon-
tinue eculizumab therapy. Importantly, it is illustrative of the
real-world setting, where physicians navigate complex deci-
sions related to treatment discontinuation and its consequen-
ces. Patients included in this analysis were treated with
eculizumab for at least 1 month and demonstrated an initial re-
sponse (haematologic, renal or both) before discontinuing treat-
ment due to treating physician judgement, patient choice or
other factors (such as local access restrictions).

Current literature reports that the risk of TMA recurrence af-
ter eculizumab discontinuation may be as high as 31%, making

identification of at-risk patients essential [19]. In alignment
with this, 21.9% of patients in this analysis suffered a TMA re-
currence after discontinuing eculizumab; however, the time to
recurrence was longer in this study (median of 5 months) than
in previous studies (<6 weeks [15], and median of 3 months
[19]). We also observed a shorter time to TMA recurrence in chil-
dren than in adults (5.1 and 10.2 months, respectively), suggest-
ing that children, particularly, should be closely monitored for
TMA recurrence following discontinuation. Further, these anal-
yses showed a trend towards increased TMA recurrence in
patients with complement pathogenic variants; this was partic-
ularly notable in patients with CFH and MCP variants (18.2% and
15.0% of patients with these respective variants suffered a TMA
recurrence), consistent with previous reports [15, 19–21]. In con-
trast, the analysis also showed that anti-CFH antibodies oc-
curred more frequently in the group without TMA recurrence.
The data also highlighted an increasing trend towards TMA re-
currence in patients with a family history of aHUS.

Contrary to other studies, however, where patients
experiencing a TMA recurrence had a shorter duration of treat-
ment, the duration of eculizumab therapy in our study was sim-
ilar between patients who did and did not suffer a TMA
recurrence [19, 21]. This disparity with other studies may be par-
tially explained by methodological differences; the current
analysis only included patients who demonstrated an initial re-
sponse to treatment, with a median treatment duration of
�1 year. Optimal dosing and treatment duration have been an
area of ongoing debate, particularly due to the high costs of the
treatment [27]. Restrictive dosing of eculizumab with gradual ta-
pering of treatment while monitoring disease activity has been
attempted [28], but there is no validated method or reliable pre-
dictors of early relapse to date. It should be noted that, as
shown in the logistic regression analyses presented in this
manuscript, disease stability following long-term eculizumab
treatment does not guarantee a reduced risk of TMA recurrence
following treatment discontinuation. Further, we observed that
eGFR prior to eculizumab discontinuation was numerically
lower in patients with subsequent TMA recurrence (50.5 versus

Table 4. Long-term renal outcomes by age and kidney status, in patients who did not suffer a TMA recurrence

Paediatric, native kidney (n¼ 17) Paediatric, transplant (n¼ 1) Adult, native kidney (n¼ 28)
Adult,
transplant (n¼ 9)

Improved 3 (18) 0 (0) 6 (21.5) 2 (22)
Stable 11 (65) 0 (0) 20 (71.5) 7 (78)
Declined 3 (17) 1 (100) 2 (7) 0 (0)

Data depict only those patients with an initial renal response (�25% decrease in serum creatinine while on eculizumab). For all patients, eGFR was compared using the

most recent value prior to eculizumab discontinuation, and at last follow-up following discontinuation; Improved¼ increase in eGFR of �15 mL/min/1.73 m2,

Declined¼decrease in eGFR of �15 mL/min/1.73 m2. All values n (%).

Table 5. Long-term renal outcomes by age and kidney status, in patients who suffered a TMA recurrence

Paediatric, native kidney (n¼ 1) Paediatric, transplant (n¼ 1) Adult, native kidney (n¼ 7)
Adult,
transplant (n¼ 0)

Improved 0 (0) 0 (0) 0 (0) 0 (0)
Stable 1 (100) 1 (100) 4 (57) 0 (0)
Declined 0 (0) 0 (0) 3 (43) 0 (0)

Data depict only those patients with an initial renal response (�25% decrease in serum creatinine while on eculizumab). For all patients, eGFR was compared using the

most recent value prior to eculizumab discontinuation, and at last follow-up following discontinuation; Improved¼ increase in eGFR of �15 mL/min/1.73 m2,

Declined¼decrease in eGFR of �15 mL/min/1.73 m2. All values n (%).
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64.5 mL/min/1.73 m2, respectively), but this was not a statisti-
cally confirmed risk factor for TMA recurrence. Additionally,
while studies have suggested that patients with paediatric dis-
ease onset [13] and/or with multiple TMAs have a higher risk of
TMA recurrence [16], our analysis could not confirm this, nor
could we identify any increased risk based on eculizumab dura-
tion, dialysis, gender or pregnancy.

Ours is the first study comparing the proportion of extrare-
nal manifestations between patients who did and did not suffer
a TMA recurrence after discontinuing eculizumab. Current
Kidney Disease: Improving Global Outcomes (KDIGO) guidelines
recommend that, once on treatment, patients do not discon-
tinue complement inhibitors while extrarenal manifestations
persist [24]. In this study, a higher proportion of patients pre-
senting with extrarenal manifestations prior to eculizumab ini-
tiation suffered a subsequent TMA recurrence (69.7% versus
51.3%), suggesting that those with multi-organ involvement
prior to eculizumab treatment are at a greater risk of TMA recur-
rence the following discontinuation. Furthermore, more
patients with extrarenal manifestations of aHUS after eculizu-
mab discontinuation subsequently suffered a TMA recurrence
versus those who did not present with extrarenal manifesta-
tions (63.6 versus 16.8%, respectively). The most common mani-
festations were GI, followed by CNS and CV, consistent with
previous studies [29, 30]. However, 16.8% of patients who did
not suffer a TMA recurrence also reported extrarenal manifesta-
tions after eculizumab discontinuation; it is unclear whether
these resulted directly from aHUS disease activity.

We also investigated a subgroup of 64 patients with an initial
renal response to eculizumab (�25% decrease in serum creati-
nine). In these patients, eGFR was generally stable in those
without TMA recurrence, but was worse in those who suffered a
recurrence, with six patients remaining stable and three with
reduced eGFR at last follow-up (one progressed to ESRD and
transplant); no patients with an initial renal response who suf-
fered a TMA recurrence had improved renal function at last
follow-up. Our data suggest that those restarting eculizumab
earlier had a better renal function at last follow-up, in agree-
ment with previous reports [13, 31]. Given the established rela-
tionship between acute kidney injury and chronic kidney
disease [32], only patients at least risk of TMA recurrence should
be considered for eculizumab discontinuation. Indeed, 12 (8.0%)
patients overall progressed to ESRD after discontinuing eculizu-
mab, 5 of whom previously underwent kidney transplantation;
KDIGO advises that eculizumab should not be discontinued in
patients that have received a renal transplant [24].

Lastly, we found a higher proportion of patients receiving
antihypertensive medications at last available follow-up com-
pared with at the time of eculizumab discontinuation (71.3%
versus 54.3% patients, respectively). Finding more frequent and
severe hypertension in the group of patients who discontinued
eculizumab may indicate increased CV involvement and
chronic kidney disease progression risk, and in some cases sub-
clinical disease activity.

This study has several limitations. Patients must have had
an initial response to eculizumab, which likely biased the
results towards favourable outcomes; further, patients discon-
tinuing eculizumab due to their treating physician’s opinion
likely had more stable disease. Secondly, this was a registry
analysis and, as such, data collection was not as extensive as a
clinical trial. For example, in patients with anti-CFH antibodies,
data on antibody titres were not collected, meaning that further
conclusions could not be drawn about a potentially reduced risk
of recurrence in patients with low titres. Additional limitations

include the potential for underreporting of outcomes and varied
interpretation of disease characteristics at baseline.

Overall, based on this analysis, published data and our clini-
cal experience, we recommend that any consideration of eculi-
zumab discontinuation should be discussed in-depth with the
patient, alongside a thorough risk assessment. We strongly ad-
vise that patients with poor renal function, a family history of
aHUS, pathogenic variants, previous extrarenal manifestations
or prior transplantations should not discontinue treatment. It is
also important to consider whether the patient had an initial re-
nal response to eculizumab, as these patients were at a lower
risk of eGFR loss after relapse in this analysis. In patients dis-
continuing eculizumab, we would suggest patient education on
early TMA symptoms, regular urine dipsticks to monitor pro-
teinuria and, if possible, regular blood tests to monitor haemo-
globin, platelets, serum creatinine and LDH [15, 16, 18, 21]. If a
TMA recurrence is suspected, eculizumab should be rapidly
reinitiated.

CONCLUSION

This is the first analysis to investigate the outcomes of eculizu-
mab discontinuation in stable aHUS patients who showed a
positive response to treatment, the population likely to be con-
sidered for discontinuation in a real-world setting. We found
that patients at risk of TMA recurrence were more likely to have
extrarenal manifestations prior to discontinuation, test positive
for complement pathogenic variants and have a family history
of aHUS. Physicians should conduct a thorough risk assessment
and ensure patients are regularly monitored after discontinua-
tion, with the rapid recommencement of eculizumab if TMA
recurs.
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