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Discontinuation of Eculizumab treatment after hematological remission in
with atypical and drug-induced hemolytic uremic syndrome
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Introduction. The aim was to evaluate the effect of therapeutic plasma exchange (TPE)
and eculizumab on hematological and renal survival in atypical hemolytic uremic syndrome (aHUS),
and additionally, to examine the reliability of discontinuation of eculizumab treatment.

Methods. This was an observational and retrospective study of 18 patients diagnosed with aHUS.

Results. The median age of the study population was 30 (22-66) years. Four of 18 patients
achieved hematological remission with the TPE alone. However, one patient died after three sessions of
TPE. Eculizumab was used in 13 patients and no death was observed. One year after treatment, improved
kidney function was observed in 2 of 3 (66%) patients for TPE and 5 of 9 (56%) patients for Eculizumab.
We discontinued eculizumab treatment in 9 patients. One of the patients who had a C3 gene mutation
experienced disease relapse after Eculizumab discontinuation. None of the patients who had drug associated
aHUS developed disease relapse after Eculizumab discontinuation.

Conclusion. Eculizumab treatment is a life-saving therapy in aHUS. Treatment discontinuation
may be considered at least six months after hematologic remission in patients who had stable renal function
or no expectancy for renal survival. Moreover, drug-associated cases seem to tend not to develop disease
relapse in the long term.
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What is new? What is important?

Eculicuzmab is a life saving therapy that provides favorable hematological and renal outcomes. Eculizumab discontinuation
may be considered at least six months after hematologic remission in patients who had stable renal function or no
expectancy for renal survival, in condition with monitoring regularly.

INTRODUCTION

Atypical hemolytic uremic  syndrome
(aHUS) is a rare disease that occurs in less than
one person per million [1]. aHUS, which may

affect the brain, lung, heart, pancreas, and
intestine, is characterized by
microangiopathic hemolytic anemia,
thrombocytopenia, and kidney failure [1-3].
Complement gene mutations or

polymorphisms that cause complement pathway
dysregulation are found in approximately 40-60%
of patients, but the phenotype penetrance of the
mutations or polymorphisms is approximately 50%
[4]. Dysregulation in the complement pathway
leads to the uncontrolled generation of C5
convertase, which results in the overactivation of
the membrane attack complex in vascular
endothelial cells [4]. This process triggers

ROM. J. INTERN. MED., 2022, 60, 1, 56-65

DOI: 10.2478/rjim-2021-0034

endothelial cell damage, platelet activation, and
thrombus formation [1-4].

Historically, outcomes of aHUS were poor
when aHUS was treated with plasma therapy. The
disease may cause death, and the development of
end-stage kidney disease (ESRD) was observed in
50% of patients who survived the disease [5].
Eculizumab (Soliris, Alexion Pharmaceuticals,
Cheshire, CR, USA), a humanized monoclonal
antibody that has an inhibitory action on
complement factor C5, was approved to treat aHUS
in 2011 [5, 6]. Clinical trials and observational
studies showed reduced mortality, and renal
recovery and survival increased with eculizumab
treatment compared to therapeutic plasma
exchange (TPE) [7]. On the other hand, the optimal
treatment duration with Eculizumab is not known.
Eculizumab could facilitate the development of
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infections, especially with capsulated micro-
organisms, and limited access to drugs and high
cost of treatment are the main challenges of
therapy.

The aim of the study was to examine the
clinical course after eculizumab treatment was
discontinued. Also, we evaluated the effectiveness
of Eculizumab and TPE on hematological and renal
improvements in patients with aHUS.

MATERIAL AND METHODS

This was a single-center observational and
retrospective study. The study protocol conformed
to ethical guidelines of the 1975 declaration of
Helsinki, and all participants who could be reached
gave written informed consent and willingness to
participate. Data were collected from consecutive
adult patients diagnosed with aHUS from 2010 to
2020 in the Gazi University nephrology department.
The main inclusion criterion was being older than 18
years of age. aHUS was defined as the presence of at
least 3 of the following four criteria: acute kidney
injury (AKI), non-autoimmune hemolytic anemia
(hemoglobin <11 g/dI, lactate dehydrogenase [LDH]
>400 UI/L, haptoglobin <36 mg/dl, negative results
for direct and indirect coombs tests and schistocytes
in peripheral blood), thrombocytopenia (platelet
count <150x10° L) and/or  thrombotic
microangiopathy features in Kkidney biopsy
specimens. AKI was defined according to Kidney
Disease Improving Global Outcomes guidelines [8].
The exclusion criteria were as follows: HUS due to
an enteric infection by Shiga toxin-producing
Escherichia coli (STEC HUS -typical HUS-),
metalloproteinase with thrombospondin type 1
motifs 13 (ADAMTSL13) activity < 10%, thrombotic
microangiopathy due to malignancy, glomerulo-
pathies, autoimmune disease, presence of sepsis or
septic shock and diagnosis of disseminated
intravascular coagulopathy.

TPE was performed for all patients as soon as
possible after the insertion of the central venous
catheter. The response to TPE treatment was
assessed by normalization of the platelet count and
haptoglobin. TPE treatment stopped if the platelet
count was still > 150x10° uL two days after reaching
the normal value. Eculizumab treatment was
considered under these conditions: platelet count
was under 150x10° pL after five TPE sessions,
platelet counts fell under 150x10° uL after TPE
discontinuation, continued hemodialysis need or no
improvement in Kidney function (<25% decrease in

plasma creatinine). Eculizumab was administered as
an intravenous infusion of 900 mg weekly for four
weeks, followed by 1,200 mg at the fifth week and
then 1,200 mg every two weeks thereafter.

When clinical remission was reached,
eculizumab treatment was evaluated. With the
mandatory condition that hematological remission
lasts at least six months, if kidney function has not
improved or if the patient’s need for maintenance
hemodialysis continues or complete kidney
recovery has been achieved, discontinuation of
eculizumab treatment was considered. In case of
therapy discontinuation, patients were closely
monitored for signs of disease recurrence. Blood
and urine (for not on hemodialysis) workups were
performed weekly in the first month, then once
every two weeks for three months and then every
month until the end of the year, and every two
months thereafter. All patients who received
Eculizumab were vaccinated for protection from
the capsulated bacterial agent, and prophylactic
antibiotics were given until the vaccine’s
effectiveness was revealed.

The primary outcome of our study was to
evaluate the effects of TPE and Eculizumab on
hematologic remission, kidney function recovery,
end-stage kidney disease, relapse, and death one
year from diagnosis. Hematologic remission was
defined as hemoglobin >11 gr/dl, LDH within
normal limits, haptoglobin within normal limits,
and platelet count >150 x10° uL. Complete kidney
function recovery was accepted if the serum
creatinine was below 1.1 mg/dl and proteinuria
was below 500 mg/d. Patients were considered to
have disease relapse if their initial symptoms
returned after Eculizumab treatment. In this case,
Eculizumab was restarted with the initial
treatment protocol.

Data obtained in the study were analyzed
statistically using Statistical Package for the
Social Science software. 20 (IBM Corpn., SPSS
for Windows. Armonk, NY, USA). According to
data distribution, numerical variables in the text
and tables are shown as the mean + standard
deviation or median (minimum-maximum).
Categorical variables were stated as numbers (n)
and percentages (%). The Mann-Whitney U test
was used to compare continuous variables.
Fisher’s exact test was used to compare
categorical variables, and yate correction was
applied when the group’s size was less than 5. A
value of p<0.05 was considered statistically
significant.
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RESULTS

Baseline characteristics and one-year outcome

Among the 26 patients diagnosed with HUS
between 2010 and 2020, three of them had
malignancy-associated HUS, and five of them had
insufficient data to evaluate. As a result, 18 patients
with complete demographic and laboratory data
were evaluated (Figure 1). The median age of the
study population was 30 (22-66) years with the
same distribution of gender [F/M:9(50%)/9(50%)].
The median follow-up time for the total study
population was 15.5 (1-108) months. No significant
differences were observed in baseline characteristics
between the patients who had hematologic and renal
remission with TPE and those who needed
eculizumab treatment for hematologic or renal
remission (Table 1). While the most common

facilitator factor of the development of aHUS and
drug-associated HUS was infections (n=5, 27%), the
condition that could trigger the development of
aHUS was not detected in 39% of the total study
population. The drug, which was thought to be the
cause, was discontinued at TMA suspicion in all
three drug-associated HUS cases, and TPE was
started in all patients. Eculizumab was started in two
patients without TPE response. The mean serum
creatinine was 6.17+4.55 mg/dl at the time of
diagnosis, and 15 of the total patients (83%) needed
hemodialysis. While the mean hemoglobin was
9.1+2.36 g/dl for all patients, the median platelet
count was 84x10° xul (20-370). Seven of the total
patients (39%) had hypertension  requiring
intravenous medication. One patient had vision loss
(6%), four patients had central nervous system
involvement (CNS) (22%), and one patient had
dilated cardiomyopathy (6%).

26 patients diagnosed with
Hemolytic Uremic Syndrome
Between 2010-2020

———

8 patients were excluded
-3 patients malignancy associated HUS
-5 patiens insufficient data

5 patients were treated with TPE
alone

13 nonresponder patients to TPE
were treated with Eculizumab

terminated

Treatment of 9 patients was

5 patients are still on treatment
-4 patients without interruption

l

-1 patient due to relapse after
withdrawal

patient

recurrence was observed in 1

L

Figure 1. Flow chart of patients
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Table 1

Baseline characteristics of study population according to treatment group

All patients TPE Eculizumab P value
n=18 n=>5 (28%o) n=13 (72%)

Age (years) median(min-max) 30(22-66) 31 (25-66) 30 (22-52) 0.8
Gender (n,%) 0.1
Male 9 (50%) 4 (80%) 5 (39%)
Female 9 (50%) 1 (20%) 8 (61%)
Associated Conditions (n,%)
No 7 (39%) 1 (20%) 6 (47%)
Pregnancy 3 (17%) 0 3 (23%) 0.3
Infection 5 (27%) 3 (60%) 2 (15%) 0.06
Drug 3 (17%) 1 (20%) 2 (15%) 0.5
Kidney involvement
Serum Creatinine (mg/dl)(meanSD) 6.17+4.55 6.75+4.81 5.95+4.6 0.7
HD at diagnosis (n,%) 15 (83%) 4 (80%) 11 (85%) 0.9
Hematological findings
Hemoglobin (g/dl) median(min-max) 9.1+2.36 9.7+1.96 8.9+2.54 0.5
PLT (10°xul) median(min-max) 84 (20-370) 82 (22-168) 86 (20-370) 0.7
>1% schistocytes (n,%) 15 (94%) 5 (100%) 12 (93%) 0.4
LDH (UI/L) median(min-max) 872 (340-4724) 705 (468-4724) 903 (340-3852) 0.8
Haptoglobin (mg/dl) median(min-max) 2 (1-30) 5 (2-30) 2 (1-9) 0.3
Other involvements(n,%)
Vision loss 1 (6%) 0 1 (8%)
CNS 4 (22%) 1 (20%) 3 (23%)
HT requiring IV medication 7 (39%) 2 (40%) 5 (39%)
CVs 1 (6%) 0 1 (8%)
Kidney biopsy (n,%) 5/18 1/5 4/13
Glomerular thrombi 2 0 2
Glomerular/extraglomerular thrombi 3 1 2
Genetic mutation (n,%) 11/18 2/5 9/13
CFH 3 (27%) 2 1
MCP(CD46) 1 (9%) 0 1
C31 2 (18%) 0 2
CFHR3 1 (9%) 0 1
No 4 (46%) 0 4
Follow-up (months) median(min-max) 15.5 (1-108) 9 (1-108) 16 (3-57) 0.4

tEculizumab was started after at least five sessions of TPE
1One patient with C3 mutation also had CFB gene mutation

TPE: Therapeutic plasma exchange, HD: Hemodialysis, PLT: Platelet LDH: Lactate dehydrogenase,

CNS: Central nervous

system, HT: Hypertension, 1V: Intravenous, CVS: Cardiovascular system; CHF: Complement factor H, MCP: Membrane cofactor
protein, C3: Complement factor 3, CFHR3: Complement factor H related protein 3, CFB: Complement factor B

Outcomes at year one after aHUS and drug-
associated HUS diagnosis of patients with or without
eculizumab treatment are displayed in Table 2. The
median time until eculizumab treatment initiation
was 7 (6-14) days. The median application time of
eculizumab treatment was 21 (6-61) months.

Complete kidney function recovery was observed in
33% of patients within three months in both groups
(1/3 for TPE and 3/9 for Eculizumab). Improvement
of kidney function (complete recovery and increase
in estimated glomerular filtration rate) was observed
in 2 of 3 (66%) patients for TPE and 5 of 9 (56%)
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patients for Eculizumab. Four of 9 patients (33%) in
the eculizumab group developed ESRD. One patient
in the TPE group died after three sessions of TPE.

Table 2

We observed hematologic normalization in all
patients with eculizumab treatment, and the median
time for remission was 10 (3-27) days.

Outcomes at 1 year after diagnosis (n=12)

TPE Eculizumab
n=3 n=9
Kidney function(n,%)
Complete recovery (sCr<1.1 mg/dl) 1 (33%) 3 (33%)
Time to complete recovery Within 1 months 1 month for 2 patients and 3 months
for 1 patients
Increase in eGFR >50% over 1 (33%) 1 (11%)
Increase in eGFR  25-50% over baseline 0 1 (11%)
ESRD 0 4 (44%)
Proteinuria 1 (g/d) median(min-max) 1(0.48-1.05) 0.78 (0.1-2.5)
Hematologic remission §(n,%) 2 (67%) 9 (100%)
-remission time, (days) median(min-max) 10(3-27)
Relapse(n,%) 0 1 (11%)
Death(n,%) 1 (33%) 0
Number of PE session median(min-max) 9 (3-12) 6 (5-18)
Time until Eculizumab initiation (days) median(min-max) - 7(6-14)
Total time of eculizumab treatment (months) median(min-max)
- 21 (13-61)

+Eculizumab was started after at least five sessions of TPE
}Patients who did not need maintenance hemodialysis

§Hemoglobin >11 gr/dl, LDH within normal limits, Haptoglobin within normal limits and platelet count >150 x10% uL
sCr: Serum Creatinine, eGFR: Estimated Glomerular filtration rate, CKD: Chronic kidney disease, ESRD: End-stage kidney

disease

Eculizumab treatment withdrawal

When the drug has been used in our
country, a total of 13 patients have been treated
with Eculizumab. Eculizumab treatment was
discontinued in nine patients. Currently, five
patients have been receiving eculizumab
therapy two weeks apart for at least three
months (Figure 2).

Table 3 was designed for the laboratory
evaluation of nine patients after discontinuation
of eculizumab treatment. Case #1, a 23-year-old
male, was followed up with a diagnosis of C3
glomerulopathy for six years. He has been using
calcineurin  inhibitor  (cyclosporine) and
mycophenolate mofetil for his treatment of
primary glomerulonephritis. He was referred to
our center with vision loss, high blood pressure,
acute kidney injury on chronic kidney disease
(Grade 3), and hematologic involvement. We
established a CHFR3 gene mutation. Although
his vision started to be normalized, his

hematologic and renal conditions were resistant
to TPE. We started eculizumab treatment, and
hematologic parameters were normalized within
one month. However, his kidney function tests
continued to deteriorate, and we started to
maintain hemodialysis one year after initiating
eculizumab  treatment. We  considered
discontinuation of eculizumab therapy, and he
had stable hematologic parameters twelve
months after the withdrawal of Eculizumab.
Similar to case 1#, Cases 7# and 8# applied to
our center with hematological involvement and
acute kidney injury on chronic kidney disease
while using calcineurin inhibitor (cyclosporine)
due to the diagnosis of focal segmental
glomerulosclerosis. Both  patients needed
hemodialysis at the time of drug-associated
HUS diagnosis. After achieving hematologic
remission, eculizumab treatment was
discontinued at month six for case 7# and month
21 for case 8#. Both patients had stable
hematologic parameters for more than one year.
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CFH #13
non #12
C3+CFB #11
#10

#9

#8

non #7

Patients

non #6
non #5
CD46 #4
C3 #3

#2
CFHR3 #1

m On Eculizumab
m Interval prolonged
m Off Eculizumab

Figure 2. Follow-up and clinical course of 13 patients with aHUS during the follow-up. Red arrows indicate that disease relapse.
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Laboratory and clinical evaluation of patients after Eculizumab withdrawal

Case 1# | Case 2# Case 3# | Case4# | Case5# | Case6# | Case 7# | Case8# | Casel2#

Gender M F F F F F F M M
Age at 23 34 29 27 30 52 22 31 33
diagnosis
(year)
Possible CNI? Pregnancy | Pregnan | unknow | unknow | unknow CNI CNI unknown
Disease Cause C3GP? cy n n n
Mutation CFHR3 - C3 CD46 non non non - non
Hg first visit 11.3 9.4 14 14.3 12.9 12.3 12.4 9.9 9.8
(g/dI)
Hg 6th month 11.8 11 - - 12.8 - 13.1 11.8 10.2
(gr/dl)
Hg last visit - 11.2 12.3 14.2 - 12.7 14 10.7 10.5
(gr/dl)
PIt first visit 299 266 275 207 276 273 215 164 208
(103 xpl)
PIt 6th month 255 263 - - 266 - 255 142 125
(103 xpl)
PIt last visit - 276 233 177 - 268 263 139 118
(103 xpl)
LDH first visit 222 155 186 175 174 229 224 182 156
(UI/L)
LDH6th month 186 179 - - 178 - 198 236 158
(Ul/L)
LDH last visit - 177 239 172 - 237 220 198 232
(U1/L)
Kidney ESRD ESRD Stable Stable Total Stable ESRD ESRD ESRD
Function kidney kidney kidney kidney

function | function | recovery | function

With With With
stage 3B | stage 2 stage 4
CKD CKD CKD

Eculizumab 12 10 3 6 10 7 19 34 4
free Follow-up
time (months)
Relapse No No Yes No No No No No No

M: Male, F: Female, Hg: Hemoglobin, CNI: Calcineurin inhibitor, C3GP: C3 glomerulopathy, CFHR3: Complement factor H
related protein 3, MCP: PIt: Platelet, LDH: Lactate dehydrogenase, ESRD: End-stage renal disease, CKD: Chronic kidney disease,
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Case 2# and case 3# were diagnosed with
aHUS after pregnancy. Case 2# was admitted to
our center with elevated liver function test,
hematologic and kidney involvement, and seizure.
In terms of other organ involvement, global
myocardial hypokinesia was detected on
echocardiography in patient evaluation. After
eculizumab  treatment, all of the organ
involvement was resolved except for kidney
damage. One year after hematologic normali-
zation, the patient still needed twice-weekly
hemodialysis.  Eculizumab  treatment  was
discontinued because we detected that her kidney
was atrophic. After eculizumab withdrawal, her
need for hemodialysis did not increase. Case 3#
presented with hematological and Kkidney
involvement. Despite five sessions of TPE, the
need for maintenance HD continued, and
Eculizumab was started. The need for HD
disappeared in the 4th month of treatment.
Eculizumab treatment was discontinued after 36
months of therapy. However, the patient
experienced disease relapse at the third month of
Eculizumab discontinuation. Serum creatinine
gradually increased, and platelet counts decreased.
She also had low haptoglobin and increased serum
LDH. We restarted eculizumab treatment with the
initial treatment protocol. While hematologic
remission was observed after the first dose of
treatment, the serum creatinine level gradually
decreased and reached baseline at the six doses of
treatment.

Case 4# was a 27 year-old female admitted
to the hospital with hematological, kidney, and
CNS involvement. After the initiation of
eculizumab CNS and hematological symptoms
resolved. However, she needed maintenance
HD for two months. After the disappearance of
HD need, the kidney function was stabilized as
stage 2 CKD. She was followed up for 52 months
under Eculizumab treatment. Although she had
CD46 mutation, she had stable kidney function
and hematologic remission at the 6th-month
clinical visit after discontinuation of Eculizumab.
Case 5#, a 30-year-old female, was referred to our
center with seizures, acute kidney injury, and
hematologic involvement. We found no genetic
abnormality in the complement pathway. She had
been followed up for 27 months under eculizumab
treatment with complete kidney recovery. She had
stable kidney function and hematologic remission
at the 10th-month clinical visit after discon-

tinuation of Eculizumab. Case 6#, a 52-year-old
female, was referred to our center with acute
kidney injury and hematologic involvement. The
patient started Eculizumab treatment, whose
hematologic involvement did not improve, and
progressive impairment of kidney function
continued with TPE. After hematologic
normalization, the need for hemodialysis continued
for 23 months. After the need for hemodialysis
disappeared, the eculizumab treatment interval was
increased once monthly. Treatment was continued
for 39 months and discontinued for seven months.
She has been followed up as stage 4 CKD for more
than three years. Case #12, a 33-year-old male, was
referred to our center with acute kidney injury and
hematologic involvement. The patient started
Eculizumab  treatment, whose  hematologic
involvement did not improve, and progressive
impairment of kidney function continued with
TPE. Although hematological remission was
achieved, the kidney function was deteriorating,
and he needed maintenance HD. Six months after
hematological ~ remission,  Eculizumab  was
discontinued, and he has been followed up for four
months without relapse.

DISCUSSION

The treatment of Eculizumab is a life-
saving therapy, especially in TPE-dependent or
TPE-resistant patients with aHUS. Although
Eculizumab is recommended for lifelong use in
patients with aHUS, withdrawal of the treatment
may be decided case by case. Discontinuation of
treatment could be evaluated after a certain period
after hematologic remission has been achieved in
conditions with stable kidney function or ESRD
development. Eculizumab discontinuation may be
rational, especially in patients with drug-
associated HUS. Additionally, patients must be
followed closely due to the risk of disease relapse.

aHUS is a life-threatening condition;
therefore, TPE should be considered standard care
until a firm diagnosis is made [7]. When
thrombotic thrombocytopenic purpura (TTP),
HUS, and secondary thrombotic microangiopathy
syndromes have been ruled out, switching to
eculizumab treatment is generally recommended
[7, 9]. Observational studies of patients with
aHUS showed that 56%—-67% of adults progressed
to ESRD within 1 and 3 vyears, respectively
[10, 11]. Although one patient died in the third
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session of TPE therapy, none of the patients, who
achieved complete remission with TPE, developed
ESRD. Infection was the leading condition of
aHUS in patients with achieved remission with
TPE alone, and it is known that autoantibody
development against factor H caused by
complement activation induced by pathogens
could lead to the development of aHUS [12]. It
can be speculated that removing these
autoantibodies from circulation with TPE may be
sufficient for achieving hematologic remission.
On the other hand, patients with MCP, THBD, or
C3 mutations (90%, 62%, and 43%) could be
provided with complete remission with TPE
alone, according to the literature [6, 7, 9]. In our
study population, two patients had CHF
mutations. One of these patients had diabetes-
associated nephropathy and chronic osteomyelitis.
He had two aHUS episodes that were triggered by
infections. However, hematological remission and
nephrological stabilization were achieved with
TPE alone in both episodes. The patients are still
being followed up for stage 3A CKD.

Eculizumab, a monoclonal antibody that
blocks the cleavage of C5, is suggested as the
first-line treatment for patients with aHUS [1, 3,
7]. Eculizumab inhibits the breakdown of
complement factors C5 to C5a and C5b by C5
convertase, thus preventing the formation of the
C5b-9 complex, which is known as the membrane
attack complex [6]. Eculizumab treatment
completely  halts  inappropriate  systemic
coagulation and inflammation by preventing
excess Cha and C5b-9 formation [3, 6].

It has been shown, which is designed as a
phase 2 clinical trial with 20 patients, that
eculizumab treatment was associated with 80%
suppression of TMA at 26 weeks of therapy [13].
One-year renal survival rates are variable with
eculizumab treatment due to heterogeneous
patient populations. Cao M. et al. showed that in
which patients with pregnancy, infection, and
drugs were excluded, eculizumab treatment
achieved 80% complete kidney recovery in
patients with aHUS [1]. In another study, which
examined 29 patients with primary aHUS, a more
than 25% improvement in serum creatinine was
observed in 57% of the patients [4]. In our study,
56% of the total patients achieved more than 25%
serum creatinine improvement during the one-
year follow-up, and three of these patients had
complete kidney recovery. Three of four patients
who developed ESRD had the primary glomerular

disease and used a calcineurin inhibitor. Most
likely, secondary HUS was developed due to the
use of a calcineurin inhibitor. It is important to
note that one of these patients had C3
glomerulopathy, and we detected CFHR3
mutations. It is well known that in both C3
glomerulopathy and aHUS, the complement
pathway plays a primary role [14, 15], and in this
patient, aHUS likely developed due to
complement gene mutation rather than the use of
calcineurin inhibitor. In this patient, it is not
possible to differentiate the diagnosis of aHUS
from drug-associated HUS completely. Although
eculizumab treatment can result in a rapid
improvement of renal function in patients with
drug-induced TMA in some studies, there were no
definite guidelines for the treatment of drug-
induced TMA [7, 16]. According to our results,
the treatment of Eculizumab is necessary to
ensure hematologic remission in patients who do
not achieve hematologic remission with TPE and
whose kidney function is impaired. After
hematologic remission is achieved, continued
treatment with Eculizumab may be decided
according to the amelioration of kidney function,
and eculizumab treatment discontinuation may be
considered in case of ESRD development.
Eculizumab treatment has dramatically
improved the outcomes and prognosis of aHUS.
However, the optimal duration of therapy is still
unknown because it is difficult to predict the time
between relapses. There is no consensus regarding
the time of eculizumab cessation. However, current
recommendations emphasize case-by-case analysis
in patients who have received the treatment for a
minimum of 6-12 months [5, 9]. On the other
hand, underlying genetic mutations in complement
genes seem to have a higher risk of relapse after
eculizumab cessation, and the risk for relapse was
72% for CFH variants and 50% for MCP variants
in the literature; the frequency of disease relapse
was reported to be between 20% and 30% [17-19].
In general, six months after the patients achieved
hematological remission, we stopped eculizumab
treatment if renal functions remained stable or in
case of no renal survival expectancy. We
discontinued eculizumab treatment in nine patients,
and one of them experienced disease relapse within
three months. The patient, who had a C3 gene
mutation, was experienced disease relapse in the
early course of Eculizumab discontinuation. It is
known that C3 gene mutation is associated with
disease relapse after treatment discontinuation and
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the development of ESRD [20]. On the other hand,
disease relapse did not occur in six months in one
of our patients with CD46 mutation. However, it is
early to mention that eculizumab cessation is
perfectly safe in patients with CD46 gene
mutations. The relapse-free follow-up time was
short. The relapse time in the literature is between 1
12 months after discontinuation of treatment [21].
Additionally, it is known that CD46 mutation is
characterized by frequent relapse [21, 22].
Therefore, case 4# should be followed closely for
relapse. On the other hand, in four of eight patients,
we discontinued the treatment because of ESRD
development. The potentially triggering cause of the
development of HUS in three of them was the use of
CNI. Neither of these patients developed disease
relapse without eculizumab treatment for more than
two years. This supports that Eculizumab may be
discontinued  after  achieving  hematological
remission in drug-associated HUS cases. In addition,
the contribution of eculizumab treatment to renal
survival seems to be limited in these patients.

This study had some limitations due to the
very rare nature of the disease and observational
design. First, the number of patients was low.

Second, the association between treatment and
outcomes cannot be interpreted as a cause-and-
effect relationship because it is not a randomized
clinical study. However, it is impossible to test
Eculizumab in large randomized clinical trials
because aHUS s a rare disease that could be fatal
when the treatment is not immediately started.
Third, we did not measure antibodies against the
complement pathway. If we had measured
antibodies, we could evaluate the effect of
antibodies on TPE response.

CONCLUSION

Eculizumab treatment is a life-saving therapy
that modifies hematological and renal outcomes in
patients with aHUS. Treatment discontinuation may
be considered at least six months after hematologic
remission in patients with stable renal function or no
expectancy for renal survival. However, patients
should be monitored regularly due to the risk of
disease relapse. Moreover, drug-associated HUS
cases seem to tend not to develop disease relapse in
the long term.

Introducere. Scopul studiului a fost de a evalua efectul terapeutic al
plasmaferezei (TPE) si eculizumab asupra supravietuirii pacientilor cu sindrom

hemolitic-uremic atipic (aHUS).

Metode. A fost realizat un studiu observational retrospectiv pe 18 pacienti.

Rezultate. Varsta medie a fost de 30 de ani (2266 ani). 4 din 18 pacienti au
avut remisie hematologica numai dupa terapia cu TPE. 1 pacient a decedat dupa
3 sesiuni de TPE. Eculizumab a fost folosit la 13 pacienti si nu s-a observat niciun
deces. La un an dupa tratament, 2 din 3 pacienti tratati cu TPE au avut
o imbunatdatire a functiei renale (grupul TPE) si 5 din 9 pacienti cu eculizumab
au avut o imbunatdatire. Eculizumab a fost oprit la 9 pacienti. 1 pacient cu o mutatie
a genei C3 a avut o recadere. Niciun pacient care a dezvoltat aHUS datorita terapiei
nu a dezvoltat recdadere dupa oprirea tratamentului cu Eculizumab.

Concluzii. Terapia cu Eculizumab salveaza viata in aHUS. Oprirea trata-
mentului poate fi luatd in considerare la cel putin 6 luni dupd remisia hematologicd.
Pacientii cu aHUS datorat terapiel nu au risc de recadere pe termen lung.

Correspondence to: Hasan H. Yeter, M.D, Department of Nephrology Dialysis and Transplantation, Gazi University Faculty of

Medicine, TR-06560, Ankara, TURKEY

E-mail: hasanyeter@hotmail.com, Phone: +905542397449

Funding: There is no funding.

Conflict of interest disclosure: All of the authors declare that they have no conflict of interest.


mailto:hasanyeter@hotmail.com

10

aHUS treatment in the Eculizumab era 65

©

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

REFERENCES

CAO M, LEITE BN, FERREIRO T, CALVO M, FERNANDEZ C, ALONSO A, et al., Eculizumab modifies outcomes in adults
with atypical hemolytic uremic syndrome with acute kidney injury. Am J Nephrol 2018; 48: p. 225-233.

NORIS M and REMUZZI G, Atypical hemolytic—uremic syndrome. N Engl J Med 2009; 361: p. 1676-1687.

CAMPISTOL JM, ARIAS M, ARICETA G, BLASCO M, ESPINOSA L, ESPINOSA M, et al., An update for atypical haemolytic
uraemic syndrome: diagnosis and treatment. A consensus document. Nefrologia (English Edition) 2015; 35: p. 421-447.

KATO H, MIYAKAWA Y, HIDAKA Y, INOUE N, ITO S, KAGAMI S, et al., Safety and effectiveness of Eculizumab for adult
patients with atypical hemolytic—uremic syndrome in Japan: interim analysis of post-marketing surveillance. Clin Exp Nephrol.
2019; 23: p. 65-75.

RAINA R, GREWAL MK, RADHAKRISHNAN Y, TATINENI V, DECOY M, BURKE LL, et al., Optimal management
of atypical hemolytic uremic disease: challenges and solutions. Int J Nephrol Renovasc Dis 2019; 12: p. 183.

KRISHNAPPA V, GUPTA M, ELRIFAI M, MOFTAKHAR B, ENSLEY MJ, VACHHARAJANI TJ, et al., Atypical hemolytic
uremic syndrome: a meta-analysis of case reports confirms the prevalence of genetic mutations and the shift of treatment
regimens. Ther Apher Dial 2018; 22: p. 178-188.

LEE H, KANG E, KANG HG, KIM YH, KIM JS, KIM H-J, et al., Consensus regarding diagnosis and management of atypical
hemolytic uremic syndrome. Korean J Intern Med. 2020; 35: p. 25-40.

KHWAUJA A, KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin Pract. 2012; 120: p. c179-c184.
CAMPISTOL JM, ARIAS M, ARICETA G, BLASCO M, ESPINOSA M, GRINYO JM, et al., An update for atypical
haemolytic uraemic syndrome: diagnosis and treatment. A consensus document. Nefrologia.2015;35(5):421-447
FREMEAUX-BACCHI V, FAKHOURI F, GARNIER A, BIENAIME F, DRAGON-DUREY M-A, NGO S, et al., Genetics and
outcome of atypical hemolytic uremic syndrome: a nationwide French series comparing children and adults. Clin J Am Soc
Nephrol. 2013; 8: p. 554-562.

NORIS M, CAPRIOLI J, BRESIN E, MOSSALI C, PIANETTI G, GAMBA S, et al., Relative role of genetic complement
abnormalities in sporadic and familial aHUS and their impact on clinical phenotype. Clin J Am Soc Nephrol. 2010; 5:
p. 1844-1859.

JOKIRANTA TS, HUS and atypical HUS. Blood, T 2017; 129: p. 2847-2856.

LEGENDRE CM, LICHT C, MUUS P, GREENBAUM L, BABU S, BEDROSIAN C, et al., Terminal complement inhibitor
eculizumab in atypical hemolytic—uremic syndrome. N Engl J Med. 2013; 368: p. 2169-2181.

GOODSHIP TH, COOK HT, FAKHOURI F, FERVENZA FC, FREMEAUX-BACCHI V, KAVANAGH D, et al.,
Atypical hemolytic uremic syndrome and C3 glomerulopathy: conclusions from a “Kidney Disease: Improving Global Outcomes”
(KDIGO) Controversies Conference. Kidney Int 2017; 91: p. 539-551.

OSBORNE AJ, BRENO M, BORSA NG, BU F, FREMEAUX-BACCHI V, GALE DP, et al., Statistical Validation of Rare
Complement Variants Provides Insights into the Molecular Basis of Atypical Hemolytic Uremic Syndrome and C3
Glomerulopathy. J Immunol 2018; 200: p. 2464-2478.

CAVERO T, RABASCO C, LOPEZ A, ROMAN E, AVILA A, SEVILLANO A, et al., Eculizumab in secondary atypical
haemolytic uraemic syndrome. Nephrol Dial Transplant. 2017; 32: p. 466-474.

MERRILL SA, BRITTINGHAM ZD, YUAN X, MOLITERNO AR, SPERATI CJ, and BRODSKY RA, Eculizumab cessation
in atypical hemolytic uremic syndrome. Blood 2017; 130: p. 368-372.

FAKHOURI F, FILA M, PROVOT F, DELMAS Y, BARBET C, CHATELET V, et al., Pathogenic variants in complement
genes and risk of atypical hemolytic uremic syndrome relapse after eculizumab discontinuation. Clin J Am Soc Nephrol. 2017;
12: p. 50-59.

ARDISSINO G, POSSENTI I, TEL F, TESTA S, SALARDI S, and LADISA V, Discontinuation of eculizumab treatment
in atypical hemolytic uremic syndrome: an update. Am J Kidney Dis. 2015; 66: p. 172-173.

OLSON SR, LU E, SULPIZIO E, SHATZEL JJ, RUEDA JF, and DELOUGHERY TG, When to stop Eculizumab
in complement-mediated thrombotic microangiopathies. Am J Nephrol. 2018; 48: p. 96-107.

FREMEAUX-BACCHI V, MOULTON EA, KAVANAGH D, DRAGON-DUREY M-A, BLOUIN J, CAUDY A, et al,
Genetic and functional analyses of membrane cofactor protein (CD46) mutations in atypical hemolytic uremic syndrome.
J Am Soc Nephrol. 2006; 17: p. 2017—-2025.

WIINSMA KL, DUINEVELD C, VOLOKHINA EB, VAN DEN HEUVEL LP, VAN DE KAR NC, and WETZELS JF, Safety
and effectiveness of restrictive eculizumab treatment in atypical haemolytic uremic syndrome. Nephrol Dial Transplant 2018;
33: p. 635-645.

Received 22" June 2021



	08(56-65)-YETER final de printat numar 1 2022 (AutoRecovered)



