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Abstract

Introduction

The treatment of choice for Atypical Hemolytic Uremic Syndrome (aHUS) is the monoclonal

antibody eculizumab. The objective of this study was to assess the efficacy and safety of

eculizumab in a cohort of kidney transplant patients suffering from aHUS.

Methods

Description of the prospective cohort of all the patients primarily treated with eculizumab

after transplantation and divided into the therapeutic (onset of aHUS after transplantation)

and prophylactic use (patients with previous diagnosis of aHUS undergoing kidney

transplantation).

Results

Seven cases were outlined: five of therapeutic use and two, prophylactic. From the five

cases of therapeutic use, there was improvement of the thrombotic microangiopathy in the

48 hours following the start of the drug and no patient experienced relapse during an aver-

age follow-up of 21 months in the continuous use of eculizumab (minimum of 6 and maxi-

mum of 42 months). One patient died at 6 months, due to Aspergillus infection. From the

two cases of prophylactic use, one patient experienced relapsed thrombotic microangiopa-

thy after 4 months and another patient remained asymptomatic after 16 months of follow-up,

both on chronic treatment.
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Discussion

The therapeutic use of eculizumab showed to be effective, with improvement of the microan-

giopathy parameters and persisting up to the end of the follow-up, without relapses. The

additional risk of immunosuppression, leading to opportunistic infections, was well tolerated.

The prophylactic use showed to be effective and safe; however, the doses and intervals

should be individualized in order to avoid relapsed microangiopathy, especially in patients

with factor H mutation.

Introduction

Atypical hemolytic uremic syndrome (aHUS) is a ultra-rare disease, characterized by a disor-

der of the alternative complement pathway, leading to hyperactivation and causing microan-

giopathic hemolytic anemia and altered kidney function[1,2], with an incidence of one to two

cases per million inhabitants[3]. There is a well-defined genetic basis for almost two thirds of

the cases of aHUS, related to an inactivating mutation of the proteins inhibiting the alternative

pathway (H factor, I factor, membrane cofactor protein—MCP or CD46—and thrombomodu-

lin) or a gain-of-function mutation of the pathway activating factors (C3 or B Factor). The

formation of anti-H factor IgG antibodies is associated with genetic rearrangement in the pro-

teins related to Factor H (CFHR1). Polymorphisms of risk and variants in these genes deter-

mine the penetrance of the disease in mutation carriers[4]

Historically, plasmapheresis/plasma infusion (PP/PI) has been used in the management of

aHUS. However, 67% of the adult patients with aHUS treated with PP/PI required dialysis or

died after 3 years, with a mortality rate of 8% on the first onset and 11% after 3 years of follow-

up[5]. Currently, according to several international treatment guidelines[6,7], the treatment of

choice for aHUS is eculizumab infusion, approved in 2011 by FDA, with good efficacy and

safety results according to prospective studies[8–10]. The administration of eculizumab is

associated with improvement in the kidney function and lower rate of recurrence of throm-

botic microangiopathy as compared to traditional plasmapheresis and plasma infusion thera-

pies[1,11]. In the post-kidney transplantation period, aHUS is even more challenging, with

increased mortality and high rates of recurrence of the disease, ranging from 60 to 90% in the

first year[12,13].

The risk of recurrence of aHUS in the kidney graft is correlated with the type of mutation.

The kidney transplantation is highly complex in the patients suffering from aHUS, since 50 to

80% of the patients with aHUS may experience TMA in the kidney graft[13,14], with graft sur-

vival of 51% in five years [13–15]. The kidney transplantation recipients are exposed to the risk

of MAT by factors directly injuring the endothelium such as immunosuppressive drugs (calci-

neurin inhibitors and mTOR inhibitors), ischemia-reperfusion injury, rejection and post-

transplantation infections[2]. The use of related live donor in the patients with aHUS is contra-

indicated due to the risk of mutations or polymorphisms that are still undetectable[16]. There

are reports of aHUS occurring in previously asymptomatic donors after donation, potentially

triggered by the surgical procedure (complement amplifying condition)[17]. The use of eculi-

zumab in kidney transplantation has been chosen as a question of priority, deserving investiga-

tion in an initiative of cooperation between patient associations and the global registry of

aHUS[18]. Older studies suggest the combination of kidney and liver transplantation, aiming

to avoid relapses in patients with certain dysfunctions of complement factors [19]. Eculizumab,

aHUS after kidney transplantation treated with eculizumab
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a terminal complement inhibitor, is approved for the treatment of aHUS to control the throm-

botic microangiopathy (TMA) manifestations and to avoid the relapses of the disease. In the

post-kidney transplantation, many studies have already described the same effect [20,21].

However, long-term studies combining eculizumab to immunosuppressive agents used in

post-kidney transplantation are lacking[22]. The objective was to assess the long-term out-

come of post-transplantation relapsed thrombotic microangiopathy and the incidence of

adverse events in a cohort of patients primarily treated with eculizumab for aHUS.

Case studies and methods

It is a prospective cohort, single-center study developed in Universidade Estadual Paulista

(UNESP), Botucatu São Paulo State University. The kidney transplantation service of UNESP

is reference for a population of 4,085,510 people, 12 dialysis centers and it performs about 120

kidney transplantations per year.

Study population

All the patients with a diagnosis of atypical hemolytic uremic syndrome (aHUS) after kidney

transplantation that used anti-C5 (eculizumab, Alexion Pharmaceuticals, Cheshire, CT, USA)

for prevention of recurrence or treatment of aHUS in the period from February 2013 to

December 2016 were assessed. Patients whose diagnosis of aHUS was not confirmed after all

the study proofs were made available were excluded. All the cases were in exclusive use of ecu-

lizumab as primary treatment for thrombotic microangiopathy. Addictionaly a follow-up pro-

tocol was established for monitoring of infections and signs of disease recurrence. The study

was approved by the Institutional Review Board (ethics number 64312817.1.0000.5411). None

of the transplant donors were from a vulnerable population and all donors or next of kin pro-

vided written informed consent that was freely given.

Diagnosis of aHUS. The diagnosis of aHUS was established by the founding of throm-

botic microangiopathy, defined by the triad: microangiopathic hemolytic anemia (decreased

hemoglobin, presence of schitocytes, reticulocytosis, increased LDH, negative direct Coombs

test), thrombocytopenia or 25% decrease in the number of platelets and worsening of the kid-

ney function, excluding the use of drugs, infections or other potential secondary causes, as

suggested in the literature[1,2,23]. The persistence of the clinical condition of thrombotic

microangiopathy, despite the removal of potential secondary causes, motivated the specific

treatment with eculizumab. All the cases underwent kidney graft biopsy, which was consistent

with thrombotic microangiopathy. The antibody-mediated rejection was excluded by the

negative investigation of C4d and absence of specific antidonor antibody. All the patients

underwent sampling for assessment of ADAMSTS 13 enzyme activity (disintegrin and metal-

loproteinase with a thrombospondin type 1 motif), and values above 5% put away severe defi-

ciency, i.e., Thrombotic Thrombocytopenic Purpura. At the time of diagnosis, autoimmune

diseases were excluded and the serologies for viral diseases were repeated (Table 1). The full

clinical history, the results of the graft biopsy, C4d investigation, antidonor antibody, serolo-

gies and genetic analysis are available in supplement (S1 Table).

Histological analyses. The biopsy analyses were performed by a pathologist experienced

in kidney pathology and transplanted kidney. The C4d investigation in all the biopsies was

also assessed by immunofluorescence and immunohistochemistry.

Antidonor antibody. The antidonor antibody analyses were performed for the class I (A,

B and C) and class II (DP, DQ and DR) loci by Luminex single antigen technique. A pre-trans-

plantation fluorescence intensity (MFI) above 1500 and post-transplantation fluorescence

intensity above 300 were considered as a positive result.

aHUS after kidney transplantation treated with eculizumab
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Genetic analysis. The genetic analyses were performed at CENTOGENE lab (Schillingal-

lee 68,18057 Rostock / Germany) and the methodology is described below. 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. Raw sequence data analysis,

including base calling, demultiplexing, alignment to the hg19 human reference genome

(Genome Reference Consortium GRCh37) and variant calling was performed using validated

in-house software. All identified variants were evaluated regarding their pathogenicity and

causality. All variants except benign or likely benign variants are reported. Analysis does not

include copy number variations (CNV) or large deletion/duplications. MLPA (multiplex liga-

tion-dependent probe amplification) analyses were performed using SALSA MLPA probemix

P236-A3 provided by MRC-Holland to test for deletions or duplications within or including

the CFH, CFHR1, CFHR2, CFHR3, CFHR5 genes.

Groups

The sample was divided into two groups:

1. Therapeutic Eculizumab Group: Patients that presented with thrombotic microangiopa-

thy after the transplantation and had diagnosis confirmation of aHUS according Table 1

and were treated with eculizumab. The dosage used was approved by the FDA, i.e., four

weekly doses of 900 mg IV during 4 weeks (induction phase); 1200 mg IV in the fifth week,

followed by 1200 mg IV every two weeks (maintenance phase) during an indeterminate

time[24]. Each eculizumab 10 mL vial contains 300 mg. The infusions were performed into

a peripheral access diluted in an equal volume of saline solution at 0.9%, intravenously,

over at least 35 minutes, without premedication.

2. Prophilatic Eculizumab Group: Patients whose diagnosis of aHUS was already previously

known and who used eculizumab to prevent the relapse of thrombotic microangiopathy. A

dose of 900 mg IV was given on the day of surgery before reperfusion and an additional

dose of 900 mg IV after 24h. Subsequently, the administration was followed with a 1200 mg

dose after one week and for an additional 03 weeks (induction phase), and the 1200 mg

dose every 15 days was kept (maintenance phase).

Table 1. Steps for the diagnosis of atypical Hemolytic Uremic Syndrome (aHUS) in the study cohort.

Microangiopathic hemolytic anemia (decreased hemoglobin, presence of schistocytes,

reticulocytosis, increased LDH, negative direct Coombs test), thrombocytopenia or 25% decrease

in the number of platelets and worsening of the kidney function.

Activity of ADAMSTS 13 Enzyme > 5% excludes severe deficiency

Suspension or reduction of the dose of calcineurin

inhibitors and/or mTOR inhibitors

Persistence of the condition of microangiopathy

suggests aHUS

Exclusion of viral infections

(HIV; HTLV I/II; hepatitis B; hepatitis C; cytomegalovirus; Epstein-Barr)

Exclusion of Bacterial Infections

(blood culture, urine culture, faeces culture)

Exclusion of autoimmune diseases

(FAN, antiDNAn, ANCAc, ANCAp, rheumatoid factor)

Histology suggestive of microangiopathy

Exclusion of antibody-mediated rejection C4d investigation negative in biopsy and

absence of antidonor antibody

Diagnosis of aHUS

Supplementary study with investigation of mutation (aHUS panel)

https://doi.org/10.1371/journal.pone.0188155.t001
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Monitoring and response to treatment of the thrombotic microangiopathy. The

patients receiving eculizumab were monitored through daily laboratory analysis up to the nor-

malization of the hematological parameters and improvement of the kidney function, defined

by the the platelet and LDH levels normalization and improvement the creatinine in two con-

secutive measurements over the period of four weeks. Then, the monitoring is performed on a

weekly basis during the first month, on a biweekly basis up to three months and on a monthly

basis over six months. From the sixth month, appointments and exams performed on a quar-

terly basis or at any time in case of infection or clinical signs of microangiopathy. The hemo-

lytic anemia investigation was performed by using blood count associated with platelet count

and schistocyte investigation, LDH and haptoglobin measurement. The analyses of the kidney

function were performed by the measurement of the serum creatinine and the proteinuria/

creatininuria index.

Immunosuppression protocol. All the enrolled patients were transplanted with compati-

ble ABO, negative crossmatch by CDC technique and without antidonor antibodies.

Kidney transplantation with deceased donor:

1. Patients with panel reactive antibody (PRA) lower than 30%: induction with thymoglobulin

(Thymoglobulin; Genzyme1) single dose of 3 mg/kg and followed by the combination of

tacrolimus, mycophenolate and prednisone. The target blood level of tacrolimus was 4 to 8

ng/mL. As of 2014, due to a change in the service protocol, the maintenance was performed

by using the combination of tacrolimus with everolimus and prednisone, aiming at low

blood levels of both drugs: tacrolimus up to 8 ng/mL in the first month and below 5 ng/mL

thereafter. The target blood level of everolimus was 3 to 8 ng/mL in all the period after

transplantation.

2. Patients with PRA above 30%: induction with thymoglobulin at the dose of 6 mg/kg

followed by the combination of tacrolimus with mycophenolate and prednisone. The

blood levels of tacrolimus were 8–12 ng/mL in the first month, followed by 4–8 ng/mL

thereafter.

Identical HLA live donor: no induction therapy was performed. The maintenance was per-

formed with the combination of mycophenolate with prednisone.

Prophylaxis against infections. All the cases received prophylaxis with antibiotics up to

15 days after vaccination for meningococcus. The patients were vaccinated once for tetravalent

meningococcus (A, C, Y, W135), Haemophilus influenza every year and pneumococcus every

five years.

All the patients received prophylaxis for Pneumocystis jiroveci with cotrimoxazol during six

months after the transplantation and were preventively monitored with antigenemia for cyto-

megalovirus on a weekly basis over a period of 3 months.

Clinical variables. All the infectious intercurrences or admissions from the time of

transplantation up to the end of the follow-up were recorded. The latest creatinine was also

recorded and the kidney function (eGFR) was estimated by using MDRD, besides the parame-

ters for outcome of the thrombotic microangiopathy (hemoglobin, platelets, LDH, haptoglo-

bin, and creatinine) at the following time points: immediately before infusion, 48 hours after

infusion, in month 6 and in the last follow-up.

Statistical analysis. The results were expressed in mean and standard deviation. We used

ANOVA analysis for repeated measures in the therapeutic use at the four time points: before

infusion, 48 hours after, 6 months after and at the end of the follow-up. We used the Bonfer-

roni analysis for post-test.

aHUS after kidney transplantation treated with eculizumab
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Results

In the study period, we performed 481 kidney transplants and nine cases (1.9%) evolved with

clinical manifestations of TMA. Seven of these patients performed therapeutic use (group 1)

and two, prophylactic use (group 2). From the group 1, two patients had the treatment inter-

rupted and were excluded of this analysis because of diagnostic confirmation of antibody-

mediated rejection. A total of five cases assessed in group 1 and two cases in group 2 (Table 2).

Group 1- Therapeutic use of eculizumab in kidney transplantation (n = 5)

Most patients were male with an average age of 32 ± 9 years and received a kidney from dece-

sead donor. In this group, only one patient received a transplant with identical live donor

(Table 2). The predominant underlying disease was indeterminate. The panel reactive anti-

body was 28 ± 38.4%. Most patients (n = 4) received induction therapy with thymoglobulin.

The predominant maintenance therapy was tacrolimus, associated with mycophenolate or

everolimus, combined with prednisone. The time for onset of thrombotic microangiopathy

after the kidney transplantation was 29 ± 26 days (minimum of 1 day and maximum of 60

days). The start of treatment with eculizumab was until 48hs after the diagnostic confirmation

of aHUS. The average follow-up time after the start of the treatment was 21.2 ± 19 months

(minimum of 6 and maximum of 42 months).

Genetic analysis of group 1. Four patients underwent genetic analysis as outlined. Two

patients had in H factor and I factor sequence panel alterations, respectively, and for other two

cases there were no identifiable mutations and in the fifth patient the mutation was not investi-

gated (Table 2). Patient number 2 had a heterozygous variant c.3148A>T (p.Asn1050Tyr) in

the analysis of sequencing of the H factor classified as class 3 (variant of uncertain signifi-

cance). The patient also has a homozygous large deletion in genes CFHR1, CFHR3 classified as

class 1 (pathogenic). Another pathogenic deletion was detected in exon 23 of CFH classified as

class 2 (likely patogneic). The Patent number 4 had altered in the analysis of sequencing of the

CFI gene (heterozygous disease-associated variant c.1246A>p.Ile416Leu) classified as class 6

(disease associated variant) and in the analysis of MPLA, homozygous large deletion in genes

CFHR1 and CFHR3 classified as class 1 (pathogenic).

Outcome of thrombotic microangiopathy and kidney function in group 1. All the

patients presented clinical response after eculizumab infusion, evidenced by the improvement

of the hemoglobin, platelet, LDH and haptoglobin levels after 48hs. It was sustained at six

months and at the end of follow-up (Table 3, Fig 1). Haptoglobin and serum creatinine levels

presented early clinical response (48 hours after infusion) and no patient experienced relapses

of the disease during the follow-up.

All the cases had significant response of the kidney function after the infusion of eculizu-

mab. Pre-infusion serum creatinine was 4.1±0.7 mg/dL, with reduction to 2.5±0.6 mg/dL 48

hours after infusion, 1.9±0.6 mg/dL 6 months after infusion and 1.68±0.52 mg/dL at the end of

follow-up, p = 0.001 (Table 3, Fig 1).

Survival and infectious intercurrences in group 1. One patient died with functioning

graft 6 months after the transplantation due to Aspergillus infection (patient number 5). This

patient had prolonged hospitalization and use of antibiotics due to infection of the surgical

wound and pyelonephritis. Subsequently, Aspergillus infection was detected in the surgical

wound and in the transplanted kidney, evolving to sepsis and death. Patient number 4 had two

episodes of urinary infection by the ESBL+ microorganism motivating the treatment with

Ertapenem, with resolution of the condition. The patient number 2 had one episode of viral

infection of the upper airways, without repercussions or need for specific treatment.

aHUS after kidney transplantation treated with eculizumab
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Group 2—Prophylatic use of eculizumab in kidney transplantation (n = 2)

All the patients were female with an average age of 23 ± 8.5 years (Table 2). One patient was

hypersensitized with PRA of 84% (pre-transplantation) and the other with panel zero. The two

cases underwent induction therapy with thymoglobulin and maintenance with tacrolimus,

mycophenolate and prednisone. The average follow-up time was 10 ± 8.5 months (ranging

from 4 to 16 months).

Genetic analysis of group 2. In both cases, presence of mutations in the genetic analysis

was identified. The patient number 6 had H factor panel sequence alteration (heterozygous

pathogenic variant c.2056+1G>A) classified as class 2 (likely pathogenic) and patient number 7,

alterations in the sequencing of gene CFHR5 (heterozygous variant c.1067G>A (p.Arg356His)

classified as class 3 (variant of uncertain significance)

Table 3. Hematological parameters and kidney function of the patients on therapeutic use of eculizu-

mab after the transplantation at time points: Immediately before infusion, 48 hours after, 6 months

and at the end of follow up.

Mean / Standard Deviation p

Hemoglobin (g/dL)

Before infusion 8.3 ± 1

48hs After Infusion 9.4 ± 1.3

6mth After Infusion 10.5 ± 0.9 0.006

Last follow up 12.4 ± 2.1*

Platelets (mm3)

Before infusion 110,400 ± 20,255

48hs After Infusion 146,600 ± 41,500

6mth After Infusion 272,000 ± 148,984* 0.004

Last follow up 234,000 ± 44,542*

LDH (U/L)

Before infusion 1332.6 ± 878.1

48hs After Infusion 713.8 ± 227.1

6mth After Infusion 518.6 ± 14.1 0.017

Last follow up 450.7 ± 46.5*

Haptoglobin (mg/dL)

Before infusion 37.8 ± 36.5

48hs After Infusion 88.6 ± 10.7*

6mth After Infusion 102.6 ± 17.3* 0.007

Last follow up 132.5 ± 61.8*

Creatinine (mg/dL)

Before infusion 4.12± 0.73

48hs After Infusion 2.54± 0.59*

6mth After Infusion 1.90± 0.63* 0.001

Last follow up 1.68 ± 0.52*

eGFR (mL/min)

Before infusion 15.9 ± 4.9

48hs After Infusion 28.9 ± 11.5

6mth After Infusion 47.1 ± 35.2 0.018

Last follow up 49.8 ± 31.2*

p: Comparison of the ANOVA repeated measurements between 4 analyzed time points

* p<0.05 x before infusion

https://doi.org/10.1371/journal.pone.0188155.t003
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Outcome of microangiopathy and kidney function in group 2. The hematological

parameters of hemoglobin, platelets, LDH and haptoglobin remained normal in the follow-

up of patient 7. The patient number 6 had relapse of thrombotic microangiopathy 4 months

post-transplantation with graft loss. This patient had a regular follow-up and good renal

Fig 1. Individual outcome of the hematological and kidney parameters of the patients on therapeutic

use (group 1) of eculizumab after the kidney transplantation at time points: Immediately before

infusion, 48 hours after, 6 months and at the end of follow up. A: creatinine; B: estimated kidney function

(eGFR); C: haptoglobin; D: platelets; E: LDH (lactate dehydrogenase); F: hemoglobin.

https://doi.org/10.1371/journal.pone.0188155.g001
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function after the transplant when she presented hospitalization with vascular complication

due to the polongous use of central vein catheters. During hospitalization for correction of

central vein stenosis she worsening of progressive renal function accompanied by increased

levels of LDL associated with thrombocytopenia. The infusion of additional dose of eculizu-

mab did not reverse the microangipathy and a graft nephrectomy was necessary due to renal

artery thrombosis. The patient has been on hemodialysis since then and in regular use of

euclizumab.

The serum creatinine at the end of the follow-up was 0.95±0,35 mg/dL and eGFR 79.9±39.4

mL/min, censoring patient number 6 with 4 months after transplantation.

Survival and infectious intercurrences in group 2. There were no infectious intercur-

rences during the prophylactic use in these two cases.

Discussion

In this study, we reported the outcome of a cohort of patients diagnosed with aHUS primarily

treated with eculizumab in the post-transplant period and periodically monitored, aiming to

detect relapse of thrombotic microangiopathy. The therapeutical aphaeresis was not per-

formed in these cases because the primary diagnosis was aHUS. According to the literature

review, this is the first cohort study in the post-kidney transplantation patients primary treated

with eculizumab. From the total series (n = 7), 1 case experienced relapsed thrombotic micro-

angiopathy and 1 case evolved to death due to infection during the chronic treatment with ecu-

lizumab considered unrelated to the treatment.

Some issues should be considered in this case series: the first one is the diagnosis of aHUS.

As in the post-kidney transplantation, multiple factors may be considered secondary causes of

aHUS[12,20], and we separated all the confirmed cases of kidney biopsy and in which we were

able to exclude the main secondary causes, such as antibody-mediated rejection, infection or

use of calcineurin inhibitors[12]. Only in the cases where the secondary causes were excluded

and in the persistence of thrombotic microangiopathy, with histological evidence, the diagno-

sis of aHUS was confirmed. The high positivity in the genetic analysis investigation supports

this diagnosis in this population. Even in the cases where the genetic test was negative, the con-

firmation could be concluded by exclusion, and it is reported that the genetic test may be nega-

tive in 40–50% of the cases[5,25–26].

The second issue is the effectiveness of eculizumab in the treatment of post-kidney trans-

plantation aHUS. The literature reports a good clinical response, but describe cases of thera-

peutic use associated with the prophylactic use in different dosages and frequency protocols

[3,10,20,27–31]. With an administration protocol according to the prescription recommenda-

tions[23,24] and as first-line treatment, we showed the efficacy of eculizumab in a short period

of time in the therapeutic use (improvement of microangiopathy 48 hours after the start of the

therapy) and no patient had relapse of microangiopathy in this group. In the group of prophi-

latic use one patient had relapse. Similarly, Mallett et al[10], showed in their cohort of 10 cases

the absence of response to eculizumab in one patient. Coppo et al reported a child with H fac-

tor mutation in whom the use of eculizumab was not sufficient for prevention of relapse of

microangiopathy after transplantation[32]. Likewise, other authors [9,33] reported cases that

was required increase in the maintenance dose of eculizumab (from 1200 mg to 1500 mg) due

to evidence of persistent microangiopathy. In the case of this study, the relapse occurs in a

patient with H factor mutation and, therefore, at high risk of relapse; thus, it is hypothesized

that there was insufficiency of dose, since it is within the longest interval between applications

or because it presents a need for additional boost in the dose. It is established that factors such

as infections, trauma, surgery, and pregnancy[1] require additional doses. Then, the clinical
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condition in this patient that motivating the hospitalization may be a potential factor for acti-

vation of the alternative complement pathway.

Several reports of use of eculizumab in the post-transplantation period[3,9,20,27–29] show

a short follow-up due to the recent development and availability of the drug that was approved

by the US FDA and by the European regulatory agency (EMA) in 2011. In the long-term trans-

plantation studies, we outline the retrospective study by Zuber et al[20] with an average fol-

low-up time of 14.5 months, in which the prophylactic group (n = 9) evolved without relapse

and the therapeutic group (n = 13) evolved with disease control. Also in the post-transplanta-

tion period, Matar et al[27] reported their retrospective case studies of 12 patients, of which 7

used eculizumab (3 for treatment and 4 as prophylaxis) with satisfactory outcomes in up to 34

months. Since there is no standardization of a protocol for the start of eculizumab in the kid-

ney transplantation, our study showed a good response for treatment of aHUS after transplan-

tation. Differently of the retrospective studies[9,10,20,27] we had a prospective cohort and we

used as first choice with a uniform administration protocol. The follow-up time was quite vari-

able, however two cases had follow-up of 42 months without recurrence of microangiopathy.

Similar results were found in the extension study of the use of eculizumab in aHUS within up

to 2 years[8] and also in the study by Mallett et al with follow-up of up to 19 months[10].

There were two episodes of urinary infection in the same patient of the series, without

greater repercussion and upper respiratory tract infection in another patient, also without

greater consequence. However, there was one case of severe infection, evolving to death due to

Aspergillus infection. It is well described that the use of complement alternative pathway block-

ers may increase the incidence of infections by encapsulated microorganisms, such as Neisseria
meningitidis, Streptococcus pneumoniae and Haemophilus influenza type B[11], however there

is controversy whether this drug may favor fungal infections[34,35]. On the other hand, this

patient underwent prolonged hospitalization, with long use of antibiotics due to infection of

the surgical wound, which are also factors of risk for opportunistic infections[36]. This patient

also had a long hemodialysis time, prolonged hospitalization and leukopenia, factors associ-

ated with the highest incidence of Aspergillus infection in the post-kidney transplantation[37].

Therefore, we can’t surely attribute this episode of infection due to eculizumab use. There

were no cases of meningococcal infection or pneumonia during the follow-up period.

Another observation is the results of the genetic analyses. In the second patient of group 1,

H factor mutation was evidenced. This patient had a clinical condition of severe microangio-

pathy in childhood and in the second and third transplants. One patient from group 2, also

with H factor mutation, had a severe clinical event and, even with prophylactic use, evolved

with graft loss, potentially due to microangiopathy. These data are compatible with highest

severity reports in this type of mutation[12,13]. The fourth patient of group 1 had I factor

mutation and rearrangements with CHFR1, with the underlying disease defined by membra-

noproliferative glomerulonephritis. There are reports of association of this glomerulonephritis

with aHUS, both caused by complement system derangement[1,38].

The weaknesses of the work reside in the absence of monitoring of the complement system

in order to verify the effective blockade of the complement by eculizumab, as suggested by

some authors[1,38]. However, the clinical response of the patients was well characterized, as

previously described.

The strengths of the work reside in the large number of cases of aHUS, all of them primarily

treated with eculizumab, without other interference treatments and, at least in two cases, long

follow-up time. The homogeneity in the method of administration of the medication, both in

the therapeutic and prophylactic use, cooperates with the relevancy of the data presented. The

follow-up of the cases occurred in a prospective manner, with a specific protocol, improving

the quality of the information and avoiding the loss of data. The cohorts are an important
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source of evidence, considering the difficulty in the performance of clinical trials for rare

diseases.

Conclusion

Patients diagnosed with aHUS after kidney transplantation and primarily treated with eculizu-

mab present a very favorable clinical response, with low chance of relapse and the additional

risk of immunosuppression is well tolerated.
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S1 Table. Detailed description of the clinical history, result of kidney biopsy, autoantibod-

ies, serologies, ADMSTS 13 dose and analyses of mutation of the patients with post-kidney
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0 = living, 1 = deceased; Time_MAT: Time MAT in months; Final_creat: Final Creatinin;
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fore; DHL_48hs; DHL_6m; DHL_final: LDH before MAT; 48hs after MAT; 6 months after

MAT and at final follow up; hapto_before; hapto_48hs; hapto_6m; hapto_final: haptoglobulin

before MAT; 48hs after MAT; 6 months after MAT and at final follow-up; Hb_before;
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and at final follow-up; T_until_eculizumab: Time until recive eclizumab in months.
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Kidney Transplantation: A Review of the Literature and Report of a Case with Atypical Hemolytic Uremic

Syndrome. Ann Transplant. 2015 Dec 1; 20:714–9. PMID: 26621268.

32. Coppo R, Bonaudo R, Peruzzi RL, Amore A, Brunati A, Romagnoli R, et al. Liver transplantation for

aHUS: still needed in the eculizumab era? Pediatr Nephrol. 2016 May; 31(5):759–68. https://doi.org/10.

1007/s00467-015-3278-0 PMID: 26604087.

33. Riddell A, Goodship T, Bingham C. Prevention of recurrence of atypical hemolytic uremic syndrome

post renal transplant with the use of higher-dose eculizumab. Clin Nephrol. 2016 Oct; 86(10):200–2.

https://doi.org/10.5414/CN108808 PMID: 27616760.

34. Vellanki VS, Bargman JM. Aspergillus Niger peritonitis in a peritoneal dialysis patient treated with eculi-

zumab. Ren Fail. 2014 May; 36(4):631–3. https://doi.org/10.3109/0886022X.2014.882712 PMID:

24512095.

35. Kozel TR. Activation of the complement system by pathogenic fungi. Clin Microbiol Rev. 1996 Jan; 9

(1):34–46. PMID: 8665475

36. Singh N, Husain S. Invasive aspergillosis in solid organ transplant recipients. Am J Transplant. 2009

Dec; 9 Suppl 4:S180–91. https://doi.org/10.1111/j.1600-6143.2009.02910.x PMID: 20070679.

37. Heylen L, Maertens J, Naesens M, Van Wijngaerden E, Lagrou K, Bammens B, et al. Invasive aspergil-

losis after kidney transplant: case-control study. Clin Infect Dis. 2015 May 15; 60(10):1505–11. https://

doi.org/10.1093/cid/civ103 PMID: 25681376.

38. Cugno M, Gualtierotti R, Possenti I, Testa S, Tel F, Griffini S, et al. Complement functional tests for

monitoring eculizumab treatment in patients with atypical hemolytic uremic syndrome. J Thromb Hae-

most. 2014 Sep; 12(9):1440–8. https://doi.org/10.1111/jth.12615 PMID: 24853860.

aHUS after kidney transplantation treated with eculizumab

PLOS ONE | https://doi.org/10.1371/journal.pone.0188155 November 14, 2017 14 / 14

https://doi.org/10.1681/ASN.2008080906
http://www.ncbi.nlm.nih.gov/pubmed/19092117
https://doi.org/10.1111/j.1600-6143.2012.04252.x
http://www.ncbi.nlm.nih.gov/pubmed/22958221
https://doi.org/10.2147/JBM.S36249
http://www.ncbi.nlm.nih.gov/pubmed/27110144
https://doi.org/10.1111/ctr.12102
http://www.ncbi.nlm.nih.gov/pubmed/23516966
https://doi.org/10.1093/ndt/gfu235
https://doi.org/10.1093/ndt/gfu235
http://www.ncbi.nlm.nih.gov/pubmed/25165180
https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/125166lbl.pdf
https://doi.org/10.1681/ASN.2012090884
http://www.ncbi.nlm.nih.gov/pubmed/23431077
https://doi.org/10.1182/blood-2005-10-007252
http://www.ncbi.nlm.nih.gov/pubmed/16621965
https://doi.org/10.1097/TP.0000000000000200
http://www.ncbi.nlm.nih.gov/pubmed/24933457
https://doi.org/10.1097/TP.0b013e3181ccd80d
http://www.ncbi.nlm.nih.gov/pubmed/20386298
https://doi.org/10.1056/NEJMc1001060
http://www.ncbi.nlm.nih.gov/pubmed/20445192
https://doi.org/10.1111/j.1600-6143.2012.04051.x
http://www.ncbi.nlm.nih.gov/pubmed/22494769
http://www.ncbi.nlm.nih.gov/pubmed/26621268
https://doi.org/10.1007/s00467-015-3278-0
https://doi.org/10.1007/s00467-015-3278-0
http://www.ncbi.nlm.nih.gov/pubmed/26604087
https://doi.org/10.5414/CN108808
http://www.ncbi.nlm.nih.gov/pubmed/27616760
https://doi.org/10.3109/0886022X.2014.882712
http://www.ncbi.nlm.nih.gov/pubmed/24512095
http://www.ncbi.nlm.nih.gov/pubmed/8665475
https://doi.org/10.1111/j.1600-6143.2009.02910.x
http://www.ncbi.nlm.nih.gov/pubmed/20070679
https://doi.org/10.1093/cid/civ103
https://doi.org/10.1093/cid/civ103
http://www.ncbi.nlm.nih.gov/pubmed/25681376
https://doi.org/10.1111/jth.12615
http://www.ncbi.nlm.nih.gov/pubmed/24853860
https://doi.org/10.1371/journal.pone.0188155

