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ABSTRACT
Background: Approximately 50% of patients with chronic kidney disease due to C3 glomerulopathy (C3G) or primary immune-
complex membranoproliferative glomerulonephritis (IC-MPGN) will require dialysis and/or kidney transplantation (KTx) 
within the first 10 years of disease onset. Currently, there are no guidelines regarding the indications for KTx or post-transplant 
management.
Methods: We therefore initiated an international online survey via Survey Monkey on C3G and IC-MPGN in children with 
CKD stage 5. All KTx centers of the European Society for Paediatric Nephrology (ESPN) were invited to participate in the survey, 
which was conducted from August 23 to November 25, 2023.
Results: Sixty-five (63%) of the centers (n = 103) participated. Twenty-six percent had made at least one decision against living 
donation for a child with C3G or IC-MPGN. The main reason for 88.2% of these decisions was concern about the recurrence of 
the underlying disease in any potential transplant. Eighty-eight percent indicated deceased donation as an option; 12% decided 
not to proceed with transplantation at all. Regarding KTx decision-making or management, none of them referred to an existing 
recommendation by any national or regional guideline. For the recurrence of C3G or IC-MPGN post-transplant, eculizumab 
treatment was suggested by 60% of respondents.
Conclusion: This survey shows a considerable reluctance of pediatric nephrologists to list patients with CKD stage 5 due to C3G 
or IC-MPGN for living donor kidney transplantation. This decision is mainly based on the fear of recurrence of the underlying 
disease combined with the lack of reliable treatment options. This limited access of affected patients to the best treatment option 
for kidney failure requires further action.

1   |   Introduction

Complement 3 glomerulopathy (C3G), an ultra-rare chronic kid-
ney disease, is associated with dysregulation of the alternative 

complement pathway (AP) in plasma and the glomerular micro-
environment, thereby resulting in the accumulation of C3 and 
its cleavage products in the glomerulus [1, 2]. C3G is caused by 
acquired and/or genetic abnormalities affecting the complement 
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pathway, such as nephritic factors, or genetic variants in key 
AP complement genes. The overall prognosis is poor, with ap-
proximately 40%–50% of patients progressing to kidney failure 
within 10 years of diagnosis. There are currently no approved 
treatments for C3G, and in particular none that specifically tar-
get the underlying complement-mediated pathophysiology. One 
of the major challenges in the treatment of patients with C3G 
and IC-MGPN is the high rate of disease recurrence in the trans-
planted kidney (40%–60%), often leading to graft loss and refer-
ral to maintenance dialysis [3, 4].

Immune complex membranoproliferative glomerulonephritis 
(IC-MPGN) is an ultra-rare, rapidly progressive kidney dis-
ease that may be idiopathic (primary IC-MPGN) or secondary 
to chronic infections and autoimmune diseases [5]. Although 
IC-MPGN is a distinct disease according to the current classifi-
cation, it shares important similarities with C3G, which is also 
typically characterized by membranoproliferative or mesangi-
oproliferative histopathologic patterns. Similar to C3G, there is 
clear evidence of dysregulation of the complement alternative 
pathway playing a central role in the disease pathogenesis [6]. 
Like C3G, IC-MPGN is commonly diagnosed in childhood and 
adolescence, with a median age at diagnosis of approximately 
21 years [7, 8] and is also characterized by a high risk of pro-
gression to kidney failure [6, 7]. Patients with IC-MPGN who 
undergo KTx may also experience disease recurrence. Although 
there is some evidence that post-transplant recurrence may be 
less common in IC-MPGN than in C3G, outcomes are neverthe-
less poor in both [9]. Patients who experience disease recurrence 
are at high risk for subsequent kidney graft failure.

There is considerable uncertainty and variability among pediatric 
nephrologists regarding listing for transplantation and optimal 
post-transplant management in the absence of international con-
sensus guidelines. Therefore, the Transplantation Working Group 
of the European Society for Paediatric Nephrology (ESPN) and 
the Cooperative European Paediatric Renal Transplant Initiative 
(CERTAIN) research network developed a questionnaire on cen-
ter practice in the management of patients with C3G or IC-MPGN 
with stage 5 chronic kidney disease (CKD) or kidney transplant 
and recurrent disease. The purpose of this survey was to define 
current practices and unmet clinical needs regarding the listing 
and donor selection of pediatric patients with C3G or IC-MPGN 
and stage 5 CKD, as well as post-transplant management.

2   |   Methods

We conducted a questionnaire-based cross-sectional survey per-
formed on behalf of the ESPN working group “Transplantation” 
and the CERTAIN research network. An invitation to participate 
in this survey was sent via email to all active ESPN members 
(n = 391). The invitation included a brief overview of the study, the 
investigators involved, and a link to the questionnaire. Currently, 
approximately 103 centers in the ESPN perform kidney transplan-
tation in children and adolescents. The survey was carried out 
between August 23, 2023, and November 25, 2023. An email invi-
tation and one reminder with a summary of the project and a per-
sonal link to an Internet questionnaire service provider (https://​es.​
surve​ymonk​ey.​com/​) were sent to the ESPN members. The survey 
consisted of 17 questions addressing listing for deceased donation, 

living donation, preemptive KTx, and choice of immunosuppres-
sive therapy post-transplant and in case of recurrence. The study 
was approved by the council of the ESPN. Requests for authori-
zation by the ethics committees of each center were not consid-
ered necessary because this was a survey that simply collected the 
experience and practices of the physicians, and it did not involve 
approaching patients directly or seeking any patient-specific data. 
A database including all the responses of the participants was pro-
vided by the Internet questionnaire service for further analysis.

3   |   Results

A total of 65 ESPN physicians participated in the survey. 
Members were asked to provide only one representative re-
sponse for each pediatric kidney transplant center. Therefore, it 
can be assumed that 65 of 103 (63%) pediatric kidney transplant 
centers within the ESPN participated in this survey.

Of the 65 respondents, 49 (75%) indicated that they had pre-
viously been responsible for the management of a child or 
adolescent with C3G or IC-MPGN who required kidney trans-
plantation. Of the 65 respondents, 8 (12%) reported that they 
had on at least one occasion decided not to perform a kidney 
transplant in a child or adolescent with renal failure secondary 
to C3G or IC-MPGN; they justified this decision on the basis of 
the high risk of recurrent disease in the transplant for which no 
effective treatment was currently available. They also indicated 
that this was routine policy for all children and adolescents with 
C3G or IC-MPGN at their respective transplant centers, but that 
there was no specific written local or national guideline regard-
ing listing for kidney transplantation in this population.

Regarding the selection of a potential kidney donor, 17 of the 65 
(26%) responded that they had on at least one occasion decided not 
to use a potentially suitable living related or unrelated donor be-
cause of a diagnosis of C3G or IC-MPGN. The specific reason for 
not performing a living donor kidney transplant in these patients 
was the high risk of disease recurrence in the absence of effective 
treatment for the majority (88.2%) of respondents, and concern 
about potential donor genetic mutations and/or a familial form of 
C3G or IC-MPGN for 35.3%. In such a situation, the majority (88%) 
would recommend listing for deceased donor transplantation only; 
12% decided not to proceed with transplantation at all. However, 
there was some flexibility in decision-making, as 62.5% indicated 
that this was not a routine policy for all children and adolescents 
with C3G or IC-MPGN at their transplant center. All respondents 
confirmed that there was no specific written local or national 
guideline regarding the use of living donors for kidney transplan-
tation in children and adolescents with C3G or IC-MPGN.

Regarding preemptive (pre-dialysis) kidney transplantation in 
these patients, 9% stated that they have on at least one occasion 
decided not to perform a preemptive (pre-dialysis) transplanta-
tion because of a high risk of recurrent disease with no effective 
treatment available; the majority (67%) would recommend list-
ing for deceased donor transplantation only; 33% responded that 
they would not perform transplantation in such a situation.

The next question related to the routine post-transplant immu-
nosuppressive protocol for children and adolescents with C3G 
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or IC-MPGN undergoing kidney transplantation. Many physi-
cians favored more intensive immunosuppressive therapy, but 
the choice of immunosuppressant varied (Figure 1). The most 
popular approach was the intensification of MMF therapy or 
MPA exposure. Regarding the treatment strategy for patients 
who develop recurrent C3G or IC-MPGN, complement factor 
5 inhibition with either eculizumab or ravulizumab was the 
preferred approach, followed by plasma exchange and the 
intensification of steroid or MMF/MPA-based maintenance 
immunosuppressive therapy (Figure 2). Interestingly, a signif-
icant number of physicians (28%) would wish to enroll these 
patients in a clinical trial, reflecting the growing interest and 
awareness of new medications in this disease area.

4   |   Discussion

The results of this survey reflect the medical dilemma faced by 
physicians treating patients with kidney failure due to C3G or 
IC-MPGN. Disease recurrence occurs in 40%–50% of patients at 
14–28 months post-transplant, and kidney failure has been re-
ported in 15%–47% of such patients, with a median time to graft 

failure of approximately 4–6 years [3, 4]. There is currently no 
FDA- or EMA-approved therapy for these conditions either pre- or 
post-transplant [10, 11]. As a result, 12% of respondents to this sur-
vey would not recommend kidney transplantation for patients with 
C3G or IC-MPGN, despite the fact that kidney transplantation is 
the treatment of choice for kidney failure in children, as it is asso-
ciated with significantly lower patient morbidity and mortality and 
significantly improved quality of life compared to chronic dialysis 
therapy. The lack of a written local or national guidelines for listing 
for kidney transplantation was cited by all survey respondents.

Regarding the selection of a potential kidney donor, 26% were 
opposed to living donor kidney transplantation due to the risk of 
recurrence of the primary kidney disease or potential donor ge-
netic mutations and/or a familial form of C3G or IC-MPGN. For 
other underlying kidney diseases with a high risk of recurrence 
post-transplant, such as primary immune-mediated focal seg-
mental glomerulosclerosis, physicians also have some reluctance 
to consider living kidney donation [12]. On the other hand, the 
risk of recurrence of C3G or IC-MGPN in kidney transplantation 
(40%–60%) is not 100%, so the individual decision to accept a 
living donor for transplantation could be considered reasonable.

FIGURE 1    |    Responses to the survey question: Do you alter your routine post-transplant immunosuppressive protocol for children/adolescents 
with C3G/IC-MPGN undergoing transplantation in your transplantation center? AUC, area under the curve; CNI, calcineurin inhibitor; mAb, mono-
clonal antibody; MMF, mycophenolate mofetil; MPA, mycophenolic acid.

FIGURE 2    |    Responses to the survey question: What is your treatment strategy in patients who develop recurrent C3G/IC-MPGN following kid-
ney transplantation? Abbreviations: MMF, mycophenolate mofetil; MPA, mycophenolic acid.
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Preemptive kidney transplantation is generally considered to 
be the treatment of choice for pediatric patients with kidney 
failure because it is associated with both better graft and pa-
tient survival than transplantation after maintenance dialysis 
therapy [13]. The reluctance to offer preemptive kidney trans-
plantation to a patient with a high risk of recurrence of the un-
derlying disease is widespread. The underlying consideration 
is that a short period of time between an active autoimmune 
glomerulonephritis in the patient's own kidneys and a kidney 
transplantation may be associated with a higher risk of re-
currence. For autoimmune glomerulonephritides with a high 
risk of recurrence after transplantation, such as C3G or lupus 
nephritis, many clinicians therefore wait for approximately 
2 years after the patient has reached CKD stage 5 in the hope 
that the activity of the autoimmunity and thus the risk of re-
currence will decrease over time.

Regarding the routine post-transplant immunosuppressive pro-
tocol, the majority of respondents favored more intense immu-
nosuppressive therapy, specifically more intense MMF-based 
therapy, given the approximately 50% risk of relapse. This is not 
entirely surprising since MMF, in combination with glucocor-
ticoids, is the currently recommended therapy for C3G in the 
native kidneys according to the recent KDIGO guidelines [14]. 
The wide variability in the responses (Figure 1) reflects the fact 
that there is no established immunosuppressive regimen rec-
ommended by guidelines to prevent the recurrence of C3G in 
kidney transplants.

For patients who have developed recurrent C3G or IC-MPGN 
post-transplant, the preferred treatment strategy was com-
plement factor 5 inhibition with either eculizumab or rav-
ulizumab (Figure  2); but again, various other treatment 
strategies were also considered. In a systematic review of the 
treatment of C3G in adult kidney transplant recipients, Suarez 
et al. reported 12 studies, including seven cohort studies and 
five case series, comparing the treatment of patients with ec-
ulizumab, rituximab, plasmapheresis, and no treatment [15]. 
The total number of patients diagnosed with post-transplant 
C3G was n = 122. They observed that eculizumab reduced 
graft loss compared to rituximab and plasmapheresis (33% ec-
ulizumab, 42% plasmapheresis, 81% rituximab). The response 
to eculizumab was related to initial soluble C5b-9 levels: pa-
tients with higher levels of C5b-9 showed a better response to 
eculizumab. A recent retrospective case series reported on 8 
patients with post-transplant recurrence of C3G; four of eight 
patients (50%) treated with eculizumab showed complete 
response [16]. However, after a median of 27 months, five 
kidney transplant recipients experienced graft loss despite ec-
ulizumab use in three of them. The authors concluded that 
prognosis is still quite dismal in kidney transplant recipients 
with C3G recurrence despite eculizumab use, presumably 
because these patients have a quiescent progressive course 
instead of a crescentic rapidly progressive disease in native 
kidneys, which responds better to eculizumab [17]. Regarding 
pediatric kidney transplant recipients, we recently reported 
a multicenter longitudinal cohort study of the CERTAIN re-
search network, in which we compared the post-transplant 
outcomes of patients with C3G (n = 17) or IC-MPGN (n = 3) 
with a matched case–control group [4]. Complement-targeted 

therapy with eculizumab, either as prophylaxis or treatment, 
did not appear to be effective.

While the results of this survey reflect the current challenges 
in managing kidney transplantation in pediatric patients with 
C3G or IC-MPGN, the field of complement-targeted therapies 
for kidney diseases is rapidly evolving. Recent research in 
the treatment of C3G and IC-MPGN, including phase 2 and 
phase 3 clinical trials, has focused on two promising agents: 
iptacopan, a factor B inhibitor, and pegcetacoplan, a targeted 
C3 and C3b inhibitor. Both agents have demonstrated efficacy 
and safety in addressing complement-mediated pathophysiol-
ogy in both native C3G and in patients with C3G recurrence 
post-transplant. A phase 2 trial demonstrated that a 12-week 
course of iptacopan reduced proteinuria by 45% in native C3G 
and reduced C3 staining in those with recurrent disease [18]. 
In the subsequent phase 3 double-blind APPEAR trial, treat-
ment with iptacopan reduced proteinuria by 35.1% compared 
with placebo and improved renal outcomes in adult patients 
with native C3G [19]. In addition, a case study of a transplant 
recipient with recurrent dense deposit disease reported suc-
cessful treatment with iptacopan when conventional therapies 
had failed [20].

Direct C3 inhibition with pegcetacoplan offers another prom-
ising therapeutic option to control complement-mediated renal 
pathology. The phase 2 NOBLE trial demonstrated a significant 
reduction in C3c staining accompanied by a 56.4% reduction in 
proteinuria following 52 weeks of pegcetacoplan therapy in pa-
tients with recurrent post-transplant C3G or IC-MPGN [21]. The 
phase 3 VALIANT study confirmed this efficacy in adults and 
adolescents with both native and recurrent C3G or primary IC-
MPGN, with a 68.3% relative reduction in proteinuria compared 
with placebo following 26 weeks of treatment, along with sta-
bilization of eGFR and reduction in C3c staining [22]. Both the 
VALIANT and APPEAR studies have extension studies to eval-
uate long-term efficacy and safety [23, 24]. Given the encourag-
ing results demonstrated in the treatment of recurrent disease, 
there is also the potential to use these agents prophylactically to 
prevent recurrence from occurring. While regulatory approval 
for the use of these agents post-transplant is pending, their avail-
ability to kidney transplant recipients may increase the willing-
ness to accept living donor kidney transplantation for patients 
with C3G or IC-MPGN in the future.

In conclusion, this survey shows a considerable reluctance of 
pediatric nephrologists to list patients with CKD stage 5 due to 
C3G or IC-MPGN for preemptive and/or living donor kidney 
transplantation. This decision is based mainly on the fear of re-
currence of the underlying disease combined with the lack of re-
liable treatment options. This limited access of affected patients 
to the best treatment option for kidney failure will hopefully 
change in the future with the approval of effective drugs for the 
prophylaxis and treatment of recurrent disease after transplan-
tation [10, 25, 26].
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