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Abstract
Background  The risk of eculizumab therapy discontinuation in patients with atypical hemolytic uremic syndrome (aHUS) 
is unclear. The main objective of this study was to analyze the risk of aHUS relapse after eculizumab interruption due to 
drug shortage in Brazil.
Methods  We screened all the registered dialysis centers in Brazil (n = 800), willing to participate in the aHUS Brazilian 
shortage cohort, through electronic mail and formal invitation by the Brazilian Society of Nephrology. We included patients 
with aHUS whose eculizumab therapy underwent unplanned discontinuation for at least 30 days between January 1st, 2016 
and December 31st, 2019 during the maintenance phase of treatment. Relapse was defined by the development of thrombo-
cytopenia, hemolytic anemia, acute kidney injury or thrombotic microangiopathy (TMA) in a kidney biopsy.
Results  We analyzed 25 episodes of exposure to risk of relapse, from 24 patients. Median age was 33 (6–53) years, 18 (72%) 
were female, 9 (36%) had a functioning renal graft, 5 (20%) were undergoing dialysis. CFH variant was found in 8 (32%) 
episodes. There were 11 relapses. The risk of relapse was 34%, 44.5% and 58% at 114, 150 and 397 days, respectively. No 
baseline variable was related to relapse in Cox multivariate analysis, including CFH variant.
Conclusions  In this study, the cumulative incidence of aHUS relapse at 397 days was 58% after eculizumab interruption. 
The presence of complement variant does not seem to be associated with a higher relapse rate. The eculizumab interruption 
was deemed not safe, considering that the rate of relapse was high.

Keywords  Atypical hemolytic uremic syndrome · Eculizumab · Complement inactivating agents

Introduction

Atypical hemolytic uremic syndrome (aHUS) is comple-
ment-mediated thrombotic microangiopathy (TMA) caused 
by dysregulated activity of the alternative pathway. aHUS 
is an ultra-rare disease with a reported incidence of approxi-
mately 0.5 per million per year. At least half of the patients 

have an inherited and/or acquired complement abnormality 
[1].

After approval of eculizumab, a humanized monoclonal 
antibody against C5, by the US Food and Drug Adminis-
tration and the European Medicines Agency in 2011, pro-
spective studies have shown safety and efficacy of terminal 
complement-inhibition in the management of adults and 
children with aHUS [2–5].

(Although eculizumab is a life-long treatment, its high 
cost and risk of severe adverse effects, such as meningococ-
cal infection, have been under discussion with the discon-
tinuation of eculizumab therapy [6–8].)

Some retrospective studies assessed the discontinuation 
of eculizumab therapy in aHUS patients but there are still no 
conclusive results. Pathogenic variants in complement genes 
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have been associated with a higher rate of aHUS relapse 
[8–11]. Prospective studies are being performed to investi-
gate the safety of discontinuation under a planned protocol 
(NCT 02574403).

In Brazil the medication is provided by the government 
under judicial decision and aHUS patients receive the drug 
through federal purchases. In 2017, the Brazilian federal 
police conducted an operation to investigate fraud in pur-
chases of drugs that are used to treat rare diseases, includ-
ing eculizumab [12]. After that, the National Press reported 
many cases of eculizumab interruption due to a shortage 
in Brazil. This tragic episode provided an opportunity for 
a natural experiment to evaluate the course of unplanned 
eculizumab discontinuation and episodes of aHUS relapses.

Materials and methods

Study population

Through electronic mail and formal invitation by the Brazil-
ian Society of Nephrology, we screened all dialysis centers 
in Brazil (n = 800) that were interested in taking part in the 
aHUS Brazilian shortage cohort.

Inclusion and exclusion criteria

We included patients with aHUS who discontinued eculi-
zumab therapy for at least 30 days, between January 1st, 
2016 and December 31st, 2019 in the maintenance phase of 
eculizumab (more than 6 months of eculizumab use). The 
discontinuation of eculizumab was unplanned and motivated 
by the government supply shortage.

We excluded patients with planned discontinuation or dis-
continuation for medical reasons. Patients with a doubtful 
diagnosis of aHUS or only non-complement-related genetic 
variants (Diacylglycerol Kinase Epsilon—DGKE) were also 
excluded. DGKE-mediated aHUS was excluded as it is ecu-
lizumab non-responsive [13].

Renal transplant patients did not necessarily receive a 
diagnosis of aHUS prior to kidney transplantation.

Therapy

All the patients had undergone approved intravenous eculi-
zumab dose (900 mg/week for 4 weeks, 1,200 mg at week 5 
and then every 2 weeks indefinitely).

We defined interruption as at least 30 days without receiv-
ing a maintenance dosage of the eculizumab (lack of at least 
2 doses of the drug), without a patient and medical decision 
based on genetic investigation.

Definition of aHUS

The diagnosis of aHUS was established by the finding of 
thrombotic microangiopathy, defined by the triad: microan-
giopathic hemolytic anemia (decreased hemoglobin, pres-
ence of fragmented red blood cells, increased LDH, negative 
direct Coombs test), thrombocytopenia or 25% decrease in 
the number of platelets and decreasing glomerular filtra-
tion rate, exclusion of the use of drugs, infections or other 
potential secondary causes [14]. Thrombotic thrombocyto-
penic purpura and Shiga toxin-producing E. coli-associated 
hemolytic uremic syndrome were excluded in all cases. The 
diagnoses, which were made by primary care physicians, 
were reviewed when the cases were elected to the Brazilian 
cohort study.

Clinical data

Evaluated data were age, sex, time on eculizumab therapy, 
kidney status (native kidney, kidney transplant with func-
tioning renal graft, undergoing dialysis), and genetic study.

Genetic analysis

For the atypical hemolytic uremic syndrome panel, the entire 
coding region of the ADAMTS13, C3, CD46, CFB, CFH, 
CFHR1, CFHR2, CFHR3, CFHR5, CFI, DGKE, PIGA, 
THBD genes including 10 bp of intronic flanking sequences 
were amplified and sequenced in the majority of cases. In 
Brazil, all analyses are performed according to the protocol 
described by Lilian et al. [15]. Antibody anti-CFH level was 
not performed because it is unavailable in Brazil.

We divided variants according to loss of function (CFH, 
CFHR1, CFHR1-CFHR3, CFHR5, CFI), gain of function 
(C3) and non-complement-related genetic variants (DKGE). 
All identified variants were evaluated regarding their patho-
genicity and causality. All variants except benign or likely 
benign variants were reported.

Exposure to risk

The exposure to the risk of aHUS relapse was assessed 
when a patient under regular eculizumab treatment (more 
than 100 days) discontinued the use of the drug for more 
than 30 days (2 doses). If the patients resumed the use of 
eculizumab for more than 6 months and then had therapy 
interrupted again, we considered that as a new episode risk.
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Primary endpoint

We considered aHUS relapse as the primary endpoint. 
Relapse was defined as the presence of at least two of the 
following features, (ruled out an alternative diagnosis):

1.	 Thrombocytopenia (platelet count < 150 × 103/µL).
2.	 Mechanical hemolytic anemia (Hb < 10  g/dL, 

LDH > upper limit of normal, undetectable haptoglobin, 
presence of fragmented red blood cells on blood smear).

3.	 Acute kidney injury (> 1.5 × serum creatinine increase 
from baseline).

4.	 Features of thrombotic microangiopathy (glomerular 
and/or arteriolar thrombi, double contours of glomerular 
basement membrane, detachment of endothelial cells) 
in performed kidney biopsy at the time of suspected 
relapse.

Outcomes

Hemolytic anemia investigation was performed by using 
blood count associated with platelet count and fragmented 
red blood cells, LDH and haptoglobin measurement. Analy-
sis of kidney function was performed by measuring serum 
creatinine. Urinalysis results were not provided. These clini-
cal variables were evaluated before and after eculizumab 
interruption. We also evaluated the clinical outcomes of 
death and need to start dialysis.

Relapses were treated by the primary care physicians 
according to local protocols of treatment—including plas-
mapheresis—because eculizumab was unavailable at that 
time. The only child who received the drug—with remis-
sion—for a few months was an exception.

Statistical analysis

Baseline variables are presented as mean and standard devia-
tion and median and interquartile ranges when appropriate. 
We used the Kaplan–Meier survival analysis to estimate the 
risk of relapse over time. A Cox regression model was used 
to evaluate predictors that might be associated with relapse 
(primary endpoint). The analysis was done in R 3.6.3 with 
the survival and survminer package.

Results

Baseline characteristics

We retrieved data from 11 different centers throughout Bra-
zil out of 800 centers. We screened 25 patients with aHUS 
and 26 episodes of exposure to risk after interruption of 
eculizumab therapy. One patient was excluded (only DKGE 

variant). We analyzed 24 patients with 25 episodes of expo-
sure to risk (Fig. 1). Median age was 33 (6–53) years, 18 
(72%) were female, 9 (36%) had a functioning renal graft 
and 5 (20%) were undergoing dialysis. In 22 episodes, eculi-
zumab use had been ongoing for longer than 365 days before 
interruption (Table 1). The majority of discontinuation epi-
sodes occurred in 2017 (n = 21, 84%).

Genetic characteristics

Among all episodes, 16 (64%) were associated with any 
complement variant. CFH variant was found in 8 (32%) epi-
sodes, CFHR1-CFHR3 variant in 8 (32%) and C3 variant in 
5 (20%) (Table 1).

Relapses

We had a total of 11 cases of relapses in the 25 episodes 
that were evaluated. The risk of aHUS relapse was 34% at 
114 days, 44.5% at 150 days and reached the maximum of 
58% at 397 days (Fig. 2). One transplant patient lost their 
graft and restarted hemodialysis, whilst another patient died, 
both cases were associated with aHUS relapse (Fig. 3). In 
our sample, no extra-renal manifestations were reported.

We assessed the relapses in patients with CFH variant. 
No differences were found in patients with or without the 
CFH variant in the Kaplan–Meier cumulative incidence 
analysis (Fig. 4).

We ran a Kaplan–Meier analysis of patients with and 
without functioning kidney graft (supplementary 1). 
Although the renal transplant patients seemed to relapse 
earlier, we found no statistical difference between these two 
groups (p = 0.31).

In the Cox regression multivariate analysis, we assessed 
age, sex, dialysis, kidney transplant, and genetic character-
istics as independent predictors of relapse after eculizumab 

Fig. 1   Study flow diagram
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discontinuation. None of these variables were associated 
with aHUS relapse (Table 2). All the episodes of exposure 
to risk and their clinical characteristics, standardized genetic 
findings [16], and the presence of aHUS relapse are reported 
in Table 3.

Discussion

In this study we evaluated 25 episodes of eculizumab inter-
ruption in 24 patients with aHUS and found a high rate of 
aHUS relapse. Due to the lack of clinical trials the possibil-
ity of eculizumab discontinuation remains unclear. Other 
published observational studies analyzed eculizumab dis-
continuation and showed an incidence of aHUS relapse of 
about 30% [10, 11, 15], whereas the present study showed 
a higher incidence in an unplanned discontinuation (58%).

The majority of eculizumab interruption episodes 
occurred in 2017 and were probably due to legal issues 

Table 1   Baseline characteristics according to episodes of exposure to 
risk after eculizumab therapy discontinuation

No genetic variant was identified by a aHUS panel

Parameters n = 25

Median age, years (range) 33 (6–53)
Sex, n (%)
 Female 18 (72)
 Male 7 (28)

Kidney transplant, n (%) 9 (36)
Dialysis, n (%)  5 (20)
Duration of drug use (days), n (%)
 < 365 3 (12)
 150 1 (4)
 182 1 (4)
 350 1 (4)
 > 365 22 (88)

Complement genes, n (%)
 Any variant identified 16 (64)
 CFH 8 (32)
 CFI  2 (8)
 C3  5 (20)
 CFHR1-CFHR3 8 (32)
 CFHR1 2 (8)
 CFHR5 4 (16)
 CFB 1 (4)
 None 4 (16)
 Not investigated 5 (20)

Fig. 2   One minus cumulative incidence of aHUS relapse

Fig. 3   Outcomes over time in each episode of exposure to risk. 
Microangiopathy = laboratory features of hemolytic anemia or 
thrombocytopenia; Kidney microangiopathy = kidney injury and lab-
oratory features of hemolytic anemia or thrombocytopenia

Fig. 4   Comparative incidence of relapsing in patients with or without 
CFH
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related to drug availability, leading to difficulties in supply. 
Impossibility to acquire the medication led most of the phy-
sicians to adopt a close monitoring approach without a spe-
cific protocol. The patients did not have immediate access to 
the medication to treat aHUS relapse. Besides a higher rate 
of aHUS relapse, two major events occurred in this cohort 
causing death and loss of kidney graft.

(In our cohort were identified any type of genetic variants 
in 64% of the episodes. Most part of them were CFH, C3, 
and CFI.) The CFH variant, which is a frequent variant in 
aHUS cases, was shown to be related to the earliest onset 
and high risk of relapse in some Italian and French studies. 
Our multivariate analysis did not show a higher incidence 
of relapse among episodes of exposure to risk related to the 
CFH variant, although the relatively small sample size may 
explain these findings. In addition, our cohort has very spe-
cific genetic characteristics, such as the absence of the CD46 
variant and the impossibility to detect antibodies against fac-
tor H. However, we did find a higher prevalence of the C3 
variant than in the Italian and French cohorts [9–11, 17].

Eculizumab deposits in renal arterioles can remain detect-
able until 5 months after drug withdrawal [18]. Therefore, a 

residual inhibitory effect on the complement system could 
justify the late appearance of relapses.

We had 44% of relapses in 9 episodes of risk in patients 
with functioning renal graft. Recurrent TMA may depend 
on genetic abnormalities in renal transplantation [19]. Fur-
thermore, clinical manifestations and histopathological 
features may not be present at the same time [1]. Perhaps 
protocol biopsy after eculizumab discontinuation should be 
performed to identify relapses during the follow-up of these 
aHUS patients.

The discontinuation studies used laboratory and clinical 
features related to TMA as a diagnostic tool to assess relapse 
in aHUS patients [8–11]. The decision to resume the drug 
before the occurrence of unfavorable outcomes—clinical 
manifestations or overt TMA—must lay on a detailed fol-
low-up of both eculizumab levels and complement activity. 
Future perspectives might move towards restrictive use and 
individualized prescription [20].

This study is retrospective and presents limitations. Sev-
eral collaborators collected data from medical records. All 
exams, including genetic studies, were performed in differ-
ent laboratory centers. This study screened a small number 
of patients with an ultra-rare disease and perhaps the follow-
up time was not long enough to assess outcomes, especially 
in milder variants. Not all dialysis centers participated—only 
11 out of 800 in Brazil—in the analysis, and thus possibly 
more patients at risk were not included in the study. In addi-
tion, we included patients undergoing dialysis (who provide 
limited features about)??? renal results. Despite these limita-
tions, this study had an unfortunate but unique opportunity 
to evaluate abrupt eculizumab interruption.

In conclusion, the cumulative incidence of aHUS relapse 
reached 58% after 397 days of eculizumab discontinuation. 
The eculizumab interruption was deemed not safe, consider-
ing that the rate of relapse was high. In this cohort, despite 
the study limitations described above, the presence of CFH, 
the complement variant, does not seem to be associated with 
a higher rate of relapse. Very important implications in ethi-
cal and financial terms require eculizumab interruption to 
be avoided.

Table 2   Independent predictors of relapsing after eculizumab discon-
tinuation in multivariate Cox regression analysis

Age is per year; sex male yes or no; patient in dialysis yes or no; 
functioning kidney transplant yes or no; variant: none, not inves-
tigated; CFH yes or no. HR, hazard ratio; 95% CI, 95% confidence 
interval

Variables Cox regression analysis

HR (95% CI) p value

Age 0.97 (0.89–1.04) 0.38
Sex, male 0.84 (0.15–4.7) 0.84
Dialysis 0.50 (0.03–7.28) 0.61
Kidney transplant 1.37 (0.25–7.65) 0.72
Variant: none 1.49 (0.18–12.13) 0.71
Variant: not investigated 0.68 (0.05–8.52) 0.77
Variant: CFH 1.23 (0.23–6.64) 0.81
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