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Abstract
Background C3 glomerulopathy (C3G) is characterized by heterogeneous clinical presentation, outcome, and predominant C3
accumulation in glomeruli without significant IgG. There is scarce outcome data regarding childhood C3G. We describe clinical
and pathological features, treatment and outcomes, and risk factors for progression to chronic kidney disease stage 5 (CKD5) in
the largest pediatric series with biopsy-proven C3G.
Methods Sixty pediatric patients with C3G from 21 referral centers in Turkey were included in this retrospective study. Patients
were categorized according to CKD stage at last visit as CKD5 or non-CKD5. Demographic data, clinicopathologic findings,
treatment, and outcome data were compared and possible risk factors for CKD5 progression determined using Cox proportional
hazards model.
Results Mean age at diagnosis was 10.6 ± 3.0 years and follow-up time 48.3 ± 36.3 months. Almost half the patients had gross
hematuria and hypertension at diagnosis. Nephritic-nephrotic syndrome was the commonest presenting feature (41.6%) and 1/5
of patients presented with nephrotic syndrome. Membranoproliferative glomerulonephritis was the leading injury pattern, while
40 patients had only C3 staining. Patients with DDD had significantly lower baseline serum albumin compared with C3GN.
Eighteen patients received eculizumab. Clinical remission was achieved in 68.3%. At last follow-up, 10 patients (16.6%)
developed CKD5: they had lower baseline eGFR and albumin and higher frequency of nephrotic syndrome and dialysis
requirement than non-CKD5 patients. Lower serum albumin and eGFR at diagnosis were independent predictors for CKD5
development.
Conclusions Children with C3G who have impaired kidney function and hypoalbuminemia at diagnosis should be carefully
monitored for risk of progression to CKD5.
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Introduction

C3 glomerulopathy (C3G) is a rare disease characterized by
the accumulation of complement factors in glomeruli, due to
abnormalities in the alternative pathway of complement,
which leads to dominant glomerular C3 staining with slight
or without deposition of immunoglobulins on immunofluores-
cence (IF) microscopy, as well as a membranoproliferative
pattern of injury on light microscopy (LM). It is divided into
dense deposit disease (DDD) and C3 glomerulonephritis
(C3GN) according to electron microscopic (EM) findings
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[1–3]. In C3GN, C3 deposits are scattered in the mesangium
and capillary walls, whereas in DDD, C3 deposits are found
more intensely in the mesangium and glomerular basement
membrane and form a unique ribbon-shaped band [4]. C3G
presents with various symptoms ranging from a mild disease,
such as asymptomatic microhematuria and/or mild protein-
uria, to a serious disease such as nephritic/nephrotic syndrome
and severe acute kidney injury requiring dialysis [4].

C3G has a chronic and progressive course resulting in stage
5 chronic kidney disease (CKD 5) in 10–29% of patients
[4–6]. Besides variable clinical symptoms and poor outcome,
there is no consensus on the treatment of C3G. In recent years,
complement targeting agents are increasingly being used [7].
Compared with adults, children with C3G show higher rates
of hypertension, nephrotic syndrome at presentation, lower
degrees of tubulointerstitial fibrosis, and better response to
immunosuppressive (IS) treatment [4, 8–10]. However, we
have recently shown that the treatment response and prognosis
of C3G remain unsatisfactory [11]. As with our recent study,
most of the data in previous studies were obtained from small
series of patients. This retrospective multicenter study was
conducted to investigate clinical disease course and to define
predictive factors of poor kidney outcome in the largest pedi-
atric series with biopsy-proven C3G.

Methods

Study design and study population

The Turkish C3G working group in children was created un-
der the Turkish Society of Pediatric Nephrology in 2017, and
all data were entered into a password-restricted web database
(www.e-cnbs.com). Details of study design, data collection,
and study populations are described in the Supplementary
data. C3G was defined based on the 2013 C3G consensus
guidelines [1]. Twelve patients from our previous cohort
[11] were included in the recent data. The study protocol
was approved by the local institutional Ethics Committee
(2017/209).

Definitions

Details of the definitions used in the present study are given in
the Supplementary data. Given the lack of definition of clinical
remission in children with C3G, we used modified criteria de-
scribed by Rabasco et al. [4]. Complete remission (CR) was
defined as normal serum albumin (> 3 g/dL) and eGFR
(> 90 mL/min/1.73 m2) without proteinuria (< 4 mg/m2/h or
PCR< 0.2 mg/mg), and partial remission (PR) was defined as
stabilized or increased eGFR, plus a proteinuria reduction of
50% at last follow-up. Children who had CR or PR were cate-
gorized as “responders.” Children with neither complete nor

partial remission were considered as “non-responders.” CKD
5 was defined as having eGFR below 15 mL/min/1.73 m2 or
requiring chronic dialysis or kidney transplantation.

Outcomes

The primary outcome was the development of CKD 5.
Secondary outcomes were CKD 5-free kidney survival and
clinical remission, either partial or complete. The effects of
demographic features (age, gender), history of upper respira-
tory tract infection (URTI), clinical findings (blood pressure,
clinical presentation such as nephrotic syndrome and gross
hematuria), laboratory markers (baseline eGFR, serum levels
of creatinine, albumin), and histopathologic lesions on LM, on
primary outcome, were also analyzed.

Genetic and autoantibody testing

Due to the retrospective nature of the study, only 19 patients
could be tested for mutations in genes regulating the alterna-
tive pathway of complement. Details are given in the
Supplementary data. Only 7 patients were tested for C3 ne-
phritic factor (C3NeF).

Statistical analysis

Analyses were conducted using TURCOSA Cloud (Turcosa
Analytics Ltd. Co, Turkey, www.turcosa.com.tr) software and
IBM SPSS 20 (Statistical Package for Social Sciences, SPSS
Inc., Chicago, IL, USA). Normality of the data was checked
using the Shapiro–Wilk test. Data with normal distribution are
expressed as mean ± standard deviation (SD), and parameters
with non-normal distribution are expressed as median [inter-
quartile range (IQR)]. Differences between the means of con-
tinuous variables in two groups were evaluated by the
Student’s t test or the Mann–Whitney U test. Categorical var-
iables are expressed as percentages and were tested using the
Pearson chi-square test or Fisher’s exact t test.

Variables compared between patients with non-CKD 5 and
CKD 5 were clinical presentation (pure nephrotic syndrome,
nephritic syndrome, urinary abnormalities alone, nephritic-
nephrotic syndrome ± hypoalbuminemia, blood pressure), se-
rum creatinine and eGFR at diagnosis, serum complement
levels (C3 and C4), and histological findings, including injury
pattern on LM, immunostaining (C3 alone versus C3 domi-
nant), and location of deposits on EM, where available.

Univariate and multiple binary logistic regression analyses
(method: Backward Wald) were performed to examine risk
factors for the development of CKD 5. Variables with low
frequency values were not analyzed by multiple logistic re-
gression. Predicted probabilities of the development of CKD 5
were computed from the univariate logistic model using eGFR
at baseline. Kaplan–Meier curves were used to determine
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cumulative kidney survival. The kidney survival time for each
patient was calculated from the time of kidney biopsy to the
last follow-up time or to the beginning of kidney replacement
therapy (dialysis) or to the time to reach eGFR less than
15 mL/min/1.73 m2. A Univariate Cox proportional hazard
regression model was used to assess the association between
the baseline variables (eGFR, serum albumin, and require-
ment for dialysis) and the primary outcome, CKD 5. To iden-
tify independent predictors of CKD 5 development, we per-
formed a multivariate Cox regression analysis (method:
Backward Wald) with a selection of variables. A p value less
than 0.05 was considered as statistically significant.

Results

A total of 60 patients with C3G were collected from 21 ne-
phrology centers (Supplementary data, Figure 1).
Supplementary Table 1 shows demographic features and clin-
ical and kidney biopsy findings of patients at the time of di-
agnosis. The mean age at diagnosis was 10.6 ± 3.0 years and
follow-up duration 48.3 ± 36.3 months (min 6, max 140). At
the time of diagnosis, gross hematuria and hypertension were
found in 30 (50%) and 27 (45%) children with C3G, respec-
tively, and 61.6% of the patients had nephrotic range protein-
uria. Twelve patients (20%) presented with nephrotic syn-
drome and 25 patients (41.6%) presented with nephritic syn-
drome in addition to nephrotic proteinuria with or without
hypoalbuminemia (nephritic-nephrotic syndrome). Eighteen
patients had asymptomatic urinary abnormalities. The mean
eGFR at diagnosis was 108 ± 68 mL/min/1.73 m2, and 78.3%
of the patients had low C3 level (Supplementary Table 1).

Histopathological findings are shown in Supplementary
Table 1. The median time from admission to biopsy was
15 days (IQR, 10–60). Membranoproliferative glomerulone-
phritis (MPGN) was the leading pattern of injury (63.3%). On
IF, 40 patients (66.6%) had only C3 staining, and the rest of

the patients had both C3 staining and a small amount of IgG,
IgA, C4, or IgM staining. Thirteen patients had re-biopsy.
Five of them had dominant C3 staining with trace amounts
of IgG, IgM, and C4 on IF at the first biopsy sample. None of
them had IgG staining on repeat kidney biopsy sample.

In 6 patients, 7 variants in complement genes were detected
(Supplementary Table 2). Only two variants in the CFH gene
(p.Arg127Leu) were previously reported to be pathogenic
[12]. None of these patients reached CKD 5, 3 had very low
levels of C3, and 5 had proteinuria (nephrotic or non-
nephrotic) at last follow-up. C3Nef was positive in 4 patients,
two of them reached CKD 5, three had proteinuria, and all but
one had very low levels of C3.

The treatment details are listed in Supplementary Table 3.
There was no statistically significant difference between pa-
tients treated with or without mycophenolate mofetil/
azathioprine (MMF/AZA) in terms of baseline clinical and
laboratory findings (data not shown). Eighteen of the 31 pa-
tients on MMF/AZA responded to treatment (CR in 4 and PR
in 14) (Fig. 1). Eculizumab (Ecu) was given in 7 patients after
non-MMF-based immunosuppressive treatment and in 11 pa-
tients after MMF-based immunosuppressive treatment. Six
patients (33.3%) were unresponsive to Ecu and experienced
CKD 5. Eight patients (25.8%) treated with MMF/AZA, in-
cluding 5 patients who also did not respond to Ecu, developed
CKD 5. The mean eGFR at last follow-up was 87.8 ±
34.5 mL/min/1.73 m2 in 12 patients who responded to Ecu.

Outcomes

Ten patients (16.6%) progressed to CKD 5 at last follow-
up, 3 of who had DDD (half of the DDD patients).
Changes in eGFR and proteinuria according to response
to immunosuppressive therapy are shown in Fig. 2.
Clinical remission was achieved in 41 patients (68.3%).
Of these, 12 had CR and 29 had PR. At last follow-up, 9
patients still had active disease without any remission.
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Low C3 level persisted in 50% of the patients at last
follow-up (Supplementary Table 1). Six of 13 patients
who required dialysis at baseline developed CKD 5.
There was no difference between patients who were diag-
nosed with MPGN or PIGD before the 2013 C3 consen-
sus criteria and those who were diagnosed with C3G after
2013 in terms of eGFR and reaching CKD 5 at last
follow-up (Supplementary Table 3).

Comparison between CKD5 and non-CKD5 patients in
terms of clinical and laboratory parameters at base-
line and last follow-up

Comparisons are given in Table 1. The proportion of patients
having nephrotic range proteinuria, nephrotic syndrome, and
requirement for dialysis at baseline was significantly higher in
the CKD 5 group. In 6 of 13 patients who required dialysis at
baseline, kidney replacement therapy was required at last fol-
low-up. Baseline blood urea nitrogen and creatinine levels
were significantly higher in CKD 5 patients, and eGFR and
albumin levels were significantly lower in CKD 5 compared
with non-CKD 5 patients. Although baseline complement
levels were not different between groups, C3 levels were sig-
nificantly lower at last follow-up in CKD 5 patients. There
was no significant difference between groups in terms of gen-
der, gross hematuria, preceding URTI, and ASO titers. CKD 5
was more common in steroid-resistant patients who needed
additional IS drugs (Table 1). There was also no difference
between groups regarding hypertension and histological pat-
terns of kidney injury (data not shown).

Electron microscopy findings

Based on EM findings, there were 18 (75%) C3GN and 6
(25%) DDD patients (Table 2). Themean serum albumin level
at diagnosis was significantly lower in DDD patients as

compared with C3GN patients (p = 0.002) (Table 2). There
was a preceding URTI in 5 patients.

Predictors of CKD 5

The predictors of CKD 5 in univariate binary logistic regres-
sion were eGFR, serum albumin, and requirement for dialysis
at the time of diagnosis (Table 1). By multivariable logistic
regression model, initial eGFR (OR 0.98; 95% CI 0.96–0.99)
and serum albumin (OR 0.19; 95% CI 0.05–0.832) were in-
dependently associated with CKD 5 (Table 3). Every 0.01
decrease in initial GFR increases the risk of CKD 5 0.98 times.
Every 0.01 decrease in albumin increases the risk of CKD 5
0.19 times. The predicted probability of CKD 5 was approx-
imately 27% in patients with an eGFR of 50 ml/min/1.73 m2

at the time of diagnosis (Supplementary Figure 2). Kaplan-
Meier analysis revealing kidney survival during follow-up is
shown in Fig. 3a, with an overall mean kidney survival of
patients with C3G of 105.8 months (95%CI, 89.8–121.8).

Univariate Cox regression analysis of the significant vari-
ables determined by the log-rank test demonstrated that eGFR
(HR 8.034; 95% CI 1.435–44.988, p = 0.018), serum albumin
(HR 10.046: 95% CI 1.233–81.828, p = 0.031), and require-
ment of dialysis (HR 12.460; 95% CI 2.490–62.334, p =
0.002) at baseline were associated with CKD 5 (Table 3). In
multivariate Cox regression analyses, initial eGFR (HR 0.956;
95% CI 0.928–0.984, p = 0.003) and initial serum albumin
(HR 0.116; 95% CI 0.025–0.549, p = 0.007) were indepen-
dent predictors of CKD 5 (Table 3).While patients with serum
albumin higher than 3 g/dL reached CKD 5 in 133.3 months,
patients with serum albumin less than 3 g/dL reached CKD 5
in an average of 82.7 months. Besides, time to CKD 5 is
shorter in patients with an initial eGFR less than 60 ml/min/
1.73 m2 compared with those with eGFR higher than 60 ml/
min/1.73 m2 (57 months vs. 114 months), and time to CKD 5
was shorter in patients who required dialysis at diagnosis com-
paredwith thosewithout requirement for dialysis (65.4months
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Table 1 Comparison between CKD 5 and non-CKD 5 patients for clinical and laboratory parameters at baseline and last follow-up, and univariate
binary logistic regression

Variables CKD 5 p Univariate binary logistic regression

CKD 5 Ø (n = 50) CKD 5 + (n = 10) OR (%95 CI) p

Gender
Female 24 (48.0) 6 (40.0) 0.488 1.00 –
Male 26 (52.0) 6 (60.0) 1.62 (0.40–6.46) 0.491

Age of diagnosis (years) 10.71 ± 3.14 10 ± 2.49 0.505 0.92 (0.73–1.16) 0.499
Follow-up time (months) 43.94 ± 34.48 62.5 ± 36.61 0.129 1.01 (0.99–1.03) 0.136
History of URTI
No 28 (56.0) 5 (50.0) 0.728 1.00 –
Yes 22 (44.0) 5 (50.0) 0.78 (0.20–3.06) 0.728

Nephrotic syndrome
No 25 (50.0) 1 (10.0) 0.020* 1.00 –
Yes 25 (50.0) 9 (90.0) 9.00 (1.06–76.42) 0.044*

Nephrotic range proteinuria(n = 49)
No 29 (59.18) 0 (0.0) 0.013* 1.00 –
Yes 10 (40.82) 10 (100.0) –

Gross hematuria
No 25 (50.0) 4 (40.0) 0.563 1.00 –
Yes 25 (50.0) 6 (60.0) −1.50 (0.37–5.97) 0.565

Requirement of dialysis
No 43 (86.0) 4 (40.0) 0.001* 1.00 –
Yes 7 (14.0) 6 (60.0) 9.21 (2.06–41.14) 0.004*

Medical treatment
Steroid 16 (32.0) 0 (0.0) 0.054 1.00 –
Steroid + other immunosuppressive 34 (68.0) 10 (100.0) –

Pulse methyl prednisolone
No 37 (74.0) 1 (10.0) 0.275 1.00 –
Yes 13 (26.0) 9 (90.0) 3.16 (0.36–27.43) 0.296

MMF/AZA
No 27 (54.0) 2 (20.0) 0.050* 1.00 –
Yes 23 (46.0) 8 (80.0) 4.69 (0.90–24.35) 0.066

CNIs (n = 58)
No 36 (73.5) 1 (11.1) <0.001* 1.00 –
Yes 13 (26.5) 8 (88.9) 22.15 (2.52–194.69) 0.005*

CYP (n = 59)
No 39 (79.6) 5 (50.0) 0.050* 1.00 –
Yes 10 (20.4) 5 (50.0) 3.90 (0.94–16.15) 0.060

Eculizumab
No 38 (76.0) 4 (40.0) 0.023* 1.00 –
Yes 12 (24.0) 6 (60.0) 4.75 (1.14–19.68) 0.032*

Laboratory parameters at baseline
BUN (n = 58), median (IQR) 16.3 (12.0–32.5) 37.5 (25.50–70.50) 0.004* 1.02 (1.00–1.05) 0.051*
Creatinine, median (IQR) 0.69 (0.47–1.42) 1.15 (0.95–1.81) 0.019* 1.16 (0.82–1.63) 0.392
eGFR 117.40 ± 69.93 62.69 ± 24.62 0.018* 0.98 (0.96–0.99) 0.027*
Albumin 3.04 ± 0.99 2.26 ± 0.55 0.020* 0.36 (0.14–0.90) 0.030*
Complement C3 53.9 ± 39.2 42.1 ± 43.0 0.396 0.99 (0.97–1.01) 0.393
Complement C4 (n = 38) 20.3 ± 5.9 21.1 ± 5.6 0.748 1.02 (0.88–1.19) 0.740
ASO (n = 23) 334 ± 308 122 ± 73 0.257 0.99 (0.98–1.00) 0.311

Laboratory parameters at last visit
Complement C3 (n = 57) 82.7 ± 45.1 43.8 ± 31.6 0.023* 0.97 (0.95–0.99) 0.034*
Complement C4 (n = 20) 23.1 ± 8.5 25.62 ± 5.9 0.587 1.04 (0.90–1.20) 0.566

IQR interquartile range,CKD 5 chronic kidney disease stage 5,URTI upper respiratory tract infection, eGFR estimated glomerular filtration rate,MPGN
membranoproliferative glomerulonephritis,MesPGN mesangial proliferative glomerulonephritis,MMF/AZA mycophenolate mofetil/azathioprine, CNI
calcineurin inhibitors, CYP cyclophosphamide, ASO antistreptolysin O

*p < 0.05
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vs. 121.6 months) (Table 4; Fig. 3b, c, d). Patients with hypo-
albuminemia (< 3 g/dL) and low eGFR (< 60ml/min/1.73 m2)
were 10.4 and 8.03 times more likely to develop CKD 5 than
patients with normoalbuminemia (> 3 g/dL) and eGFR >
60 ml/min/1.73 m2, respectively (Table 3).

Discussion

This study presents the first largest multicenter C3G series of
pediatric patients (age ≤ 18 years old) and demonstrates that
most of the children with C3G present with nephrotic range
proteinuria, nephrotic-nephritic syndrome, low complement
levels, and MPGN pattern of injury. This study also shows
that impaired kidney function and hypoalbuminemia at diag-
nosis are predictors of CKD 5 development. Moreover, pa-
tients with DDD are more likely to have impaired kidney
function at last follow-up.

In line with our previous study [11], a heterogeneous clin-
ical presentation and outcome of C3G had been demonstrated.
It may present with mild to severe kidney disease [4]. In some
studies, nephritic-nephrotic syndrome was the most common

clinical presentation [9, 13], whereas in other studies, nephrit-
ic syndrome [4, 14] and asymptomatic urinary abnormalities
[15] were more common. In our study, almost half of the
patients (41.6%) presented with nephrotic-nephritic syn-
drome, and 61.6% of patients had nephrotic range proteinuria
at the time of diagnosis.

The most common pattern of injury in the present study
was MPGN (63.3%) which was almost similar to that of other
groups [4–6, 13, 14, 16]. In addition to MPGN, other histo-
pathological findings such as MesPGN, DPGN, and crescen-
tic GN can be seen on kidney biopsy specimens of patients
with C3G [5, 6, 17]. In our patients, MesPGN, DPGN, and
crescentic GN were observed in 53.3%, 26.7%, and 11.7% of
patients, respectively. Electron microscopy is a routine diag-
nostic tool in the evaluation of kidney biopsies and is crucial
in the differentiation of DDD, atypical post-infectious glomer-
ulonephritis (aPIGN), and C3GN [18]. However, we could
only perform EM in 24 patients (40%) because of non-
availability in every hospital in Turkey. With EM, 6 patients
were diagnosed as DDD and 18 patients as C3GN. As in
previous studies [5, 6, 15], subepithelial deposits and humps
were detected in some of C3G biopsies in our cohort. Due to

Table 2 Clinical and laboratory
characteristics of patients with
DDD and C3GN based on EM
findings at baseline and last
follow-up

Variables C3GN (n = 18) DDD (n = 6) p value

At baseline

Gender (female/male) 6/12 6/0 0.005*

Age (years) 10.2 ± 3.1 10.5 ± 4.3 0.866

eGFR (ml/min/1.73 m2) 94 ± 75 105 ± 45 0.742

Albumin (g/dl) 3.1 ± 0.8 2.2 ± 0.8 0.002*

Nephrotic syndrome, n (%) 10 (55.5) 5 (83.3) 0.233

Low C3 level, n (%) 14 (77.8) 6 (100) 1.000

At last follow-up

eGFR (ml/min/1.73 m2), median (IQR) 127.5 (48.2–169.5) 43.5 (9.0–109.7) 0.06

CKD 5, n (%) 3 (16.6) 3 (50) 0.102

eGFR estimated glomerular filtration rate, CKD 5 chronic kidney disease stage 5

*p < 0.05

Table 3 Risk factors and predictors of CKD 5 in C3 glomerulopathy

Variables at baseline Multiple binary logistic regression Univariate Cox regression Multiple Cox regression

OR (%95 CI) p HR (%95 CI) p HR (%95 CI) p

eGFR (mL/min/1.73 m2)
categorical (< 60) Quantitative

− 0.98 (0.96–0.99) 0.017* 8.034 (1.435–44.988)
0.975 (0.954–0.996)

0.018* 0.018* 0.956 (0.928–0.984) 0.003*

Serum albumin categorical
(< 3 g/dL) Quantitative

− 0.19 (0.05–0.832) 0.027* 10.046 (1.233–81.828)
0.550 (0.311–0.974)

0.031* 0.040* 0.116 (0.025–0.549) 0.007*

Requirement of dialysis – – 12.46 (2.49–62.334) 0.002* – –

Multiple binary logistic regression: eGFR and serum albumin, requirement of dialysis at baseline were analyzed using backward regression analysis

eGFR estimated glomerular filtration rate, CKD 5 chronic kidney disease stage 5

*p < 0.05
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the fact that we could not perform EM in the remaining pa-
tients, it is possible that some of the patients in our cohort may
have aPIGN, which is characterized clinically by nephritic-
nephrotic syndrome, history of preceding URTI, and by char-
acteristic histopathologic findings of PIGN [19]. As in patients
wi th aPSGN, pa t ien ts wi th C3G may have few
intramembranous deposits and occasional sub-epithelial
humps on EM [19]. Therefore, biopsy findings of patients
with aPIGN and C3G may demonstrate striking similarities
[20], and both diseases are located at two different ends of a

glomerular disease [8], possibly due to a defect of alternative
pathway of complement [19, 20].

The pathological findings of C3GN and DDD show some
differences, and the clinical signs and outcomes are still con-
troversial. Medjerel-Thomas et al. [5] evaluated 80 patients,
including 32 children with C3G (C3GN in 18, DDD in 14)
and found no statistical difference between patients with
C3GN and DDD in terms of baseline clinical and laboratory
features, except age and C3 level. Patients with DDD were
younger, and their complement levels were lower than those
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Fig. 3 a Kaplan-Meier analysis of overall kidney survival of patients with C3 glomerulopathy. b Cox proportional hazards regression curves defining
long-term risk of chronic kidney disease stage 5 for albumin. c For requirement of dialysis. d For eGFR < 60 ml/min/1.73 m2

Table 4 Predicted time to CKD 5
using Kaplan-Meier (log-rank) Variables at diagnosis Time to CKD 5 (months) 95% Confidence Interval p

eGFR (ml/min/1.73 m2) < 60 57.00 ± 6.23 44.80–69.19 0.005*
> 60 114.09 ± 8.09 98.22–129.96

Albumin (g/dL) < 3 82.74 ± 7.87 67.30–98.17 0.009*
> 3 133.33 ± 5.44 122.66–144.00

Requirement of dialysis Yes 65.45 ± 9.35 47.12–83.78 < 0.001*
No 121.64 ± 7.8 106.34–136.93

CKD 5 chronic kidney disease stage 5, eGFR estimated glomerular filtration rate

*p < 0.05
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with C3GN. Crescentic GN was more common in patients
with DDD. On the contrary, patients with C3GN had more
severe arteriolar sclerosis, glomerular sclerosis, and inter-
stitial fibrosis on kidney biopsy than patients with DDD.
This difference was not detected in the study of Bomback
et al. [13], who described 111 patients (C3GN in 87, DDD
in 24) including 35 pediatric cases (C3GN in 32, DDD in
3) and showed that patients with C3GN were younger than
patients with DDD, and histopathologic findings at base-
line were similar between C3GN and DDD groups. In our
study, the pattern of glomerular injury was similar among
the two sub-groups of C3G, and albumin level at baseline
and eGFR at last follow-up were lower in children with
DDD than children with C3GN.

To the best of our knowledge, there is no consensus on the
treatment of C3G patients even in adults. Current treatment
strategies based on adult studies consist of case series, obser-
vational studies, and expert opinions. They include anti-
proteinuric therapy with ACEIs or ARBs, IS, and complement
targeting therapy [21]. Although PR or CR was achieved with
MMF in 62–67% of the patients with MPGN, there are few
studies about the effects of MMF in children with C3G [22,
23]. Although there are controversial results [14], it has re-
cently been shown that the treatment of C3G with corticoste-
roids plus MMF in adults caused better kidney survival as
compared with patients treated with other IS regimens and
untreated patients [4, 15]. Ravindran et al. [6] evaluated the
treatment response of patients with C3G (C3GN in 70, DDD
in 8). Immunosuppressive and conservative treatment was
given in 42 and 34 patients, respectively. Median serum cre-
atinine level and proteinuria value were higher in patients
treated with IS medications than patients who received con-
servative management (1.4 mg/dl vs. 1.1 mg/dl for creatinine
and 3100 mg/day vs.1600 mg/day for proteinuria). At last
follow-up, CKD 5 or doubling of serum creatinine developed
in 10 patients (23.8%) in the IS treatment group and 6 patients
(17.6%) in the conservative treatment group. Until now, the
largest study including 35 pediatric cases (C3GN in 32 and
DDD in 3) with C3G was performed by Bomback et al. [13].
However, they did not evaluate pediatric patients separately.
Recently, a few pediatric studies including small numbers of
children with C3G [9, 11, 16, 23] have reported outcomes
with different IS drugs (corticosteroids in 39, MMF in 22,
and CNIs in 7 patients) and with Ecu (9 patients). At last
follow-up, clinical remission rates were 75–94.4% in these
case series. Kojc et al. [16] reported the clinical outcomes of
11 children with C3G and mentioned more favorable response
to IS therapy. Only 2 patients in their cohort did not respond to
steroids and/or other IS treatments and achieved remission
with Ecu. In our study, most of the patients were treated with
corticosteroids with or without ACEIs, or corticosteroids plus
other IS medications. CKD 5 was more common in patients
who needed additional IS medications. Contrary to previous

studies by Avasare et al. [15] and Rabasco et al. [4], the re-
sponse to MMF/AZA treatment in our patients was not im-
pressive. In our cohort, 18 of the 31 patients responded to
MMF/AZA (CR in 4 and PR in 14). However, 8 patients
(25.8%) progressed to CKD 5. We could not explain this
discrepancy with impaired kidney function with a median cre-
atinine level of 0.9 mg/dl at baseline and interstitial fibrosis on
kidney biopsy at diagnosis in our patients who receivedMMF.
Similar [15] and higher creatinine levels [4, 6] were reported
in different pediatric cohorts. The number of patients who had
mild to moderate interstitial fibrosis was 15 (48.3%) in our
cohort which is much lower compared with those reported by
Avasare et al. (70%) [15]. This discrepancy may be due to the
retrospective design of our study. We did not receive any
information about MMF dosage. It is known that low MMF
exposure is associated with more relapse compared with high
MMF exposure in children with frequently relapsing nephrot-
ic syndrome, and the effective dose to achieve target levels of
MMFmay show considerable intra-individual variability [24].

Complement targeting therapy looks reasonable since the
data demonstrate a central role of abnormalities in the alterna-
tive pathway of complement in C3G [2]. Eculizumab, which
is a humanized monoclonal antibody that interferes with
membrane attack complex (MAC) assembly [25], is thought
to be a rescue therapy for C3G [26, 27]. Quintrec et al. [28]
described clinical remission in 46% of patients using Ecu in
their cohort including 26 children and adults with C3G. In line
with this, Bomback et al. [29] and Labrenon et al. [30] report-
ed promising results in their cohorts. Bomback et al. described
6 C3G patients treated with Ecu: while 4 of them had high
C5–9 levels and responded to Ecu, 2 patients with normal C5–
9 levels did not respond to Ecu treatment. Therefore, it is
suggested to give Ecu therapy early in patients with high
levels of C5–9 [29]. In our cohort, 12 of 18 patients who
received Ecu responded to treatment, with eGFR of 87.8 ±
34.5 ml/min/1.73 m2.

Kidney outcome in patients with C3G varies between stud-
ies. CKD 5 has been reported in 10–23% of patients with
C3GN and in 20.8–47% of patients with DDD [5, 6, 13]. In
our cohort, we found that 16.6% of patients with C3G devel-
oped CKD 5 at last follow-up.

Understanding clinical, laboratory, and histopathological
risk factors for poor outcome in patients with C3G at the time
of diagnosis may provide important advantages to clinicians
to guide treatment and follow-up. However, predictors of
CKD 5 in patients with C3G are different due to differences
in study designs [5, 6, 13, 14]. Serum creatinine level [6],
eGFR [13, 14], heavy proteinuria [6, 14], older age [5], youn-
ger age [14], severity of glomerulosclerosis and degree of
tubular atrophy and interstitial fibrosis [6, 14], crescentic GN
[5, 14], isolated C3 staining [13], and DDD subtype [5] at the
time of biopsy have been reported to be independent predic-
tors for poor kidney outcome. In this study, in the multivariate
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logistic regression model, eGFR and serum albumin as clini-
cal markers at baseline independently predicted CKD 5. Our
study results are consistent with some previous studies
that patients with C3G with decreased eGFR had poor
kidney prognosis [13, 14]. To date, there is no large pure
pediatric series; therefore, we compared our results with
adult/pediatric combined studies showing that impaired
kidney function at the time of diagnosis is a risk factor
for CKD 5 [5, 13]. Additionally, we demonstrate that
hypoalbuminemia at baseline, but not proteinuria, was a
strong predictor of CKD 5. The only previous study to
evaluate the relationship between hypoalbuminemia and
CKD 5 or eGFR decline ≥ 50% from the baseline value
in patients with C3G found no relationship [14]. Since
61.6% of the children in our cohort had nephrotic range
proteinuria, we do not know exactly whether hypoalbu-
minemia is a contributing factor for progression to CKD
5, independently from proteinuria.

The strengths of this study include the following: (1) num-
ber of patients in our cohort, representing the largest pediatric
series in the literature; (2) data were collected from 21 pediat-
ric nephrology centers from 12 cities in different regions; (3) it
is the first multicentric study showing baseline hypoalbumin-
emia as a significant risk factor for progression to CKD 5 in
children with C3G.

Our study also has limitations:

1. We were unable to evaluate the findings of EM to differ-
entiate DDD, aPIGN, and C3GN in all patients.
Therefore, except for 24 patients in our cohort, we could
not rule-out patients with aPIGN from the cohort and
evaluate the effect of subtype of disease (C3GN vs.
DDD) on kidney survival.

2. The absence of a standard treatment regimen may influ-
ence the outcome, i.e., dose information for MMF or
blood level for CNI were not available. A difference in
MMF dose may reduce the positive effect of MMF treat-
ment on kidney survival seen in previous studies [4, 15].

3. Kidney biopsy samples were evaluated by the pathologist
at the treating institution, instead of a single center.

4. We were unable to perform genetic and serological tests
in all patients, and therefore, evaluation of the possible
effects of specific genetic or serological markers on kid-
ney survival was not possible. Even in patients with
aPIGN, Sethi et al. [19] detected mutations in genes reg-
ulating alternative pathway of complement in 4 of 11
patients and autoantibodies (C3Nef) against C3
convertase in 7 of 11 children. The screening of C3Nef
and autoantibodies to alternative complement pathway
proteins and genetic testing of alternative pathway of
complement genes were suggested to distinguish autoim-
mune and genetic forms of C3G and optimize treatment
strategy [31].

5. Since Ecu was given as a salvage therapy in our MMF
resistant patients, we could not make a clear conclusion
on potential early beneficial effect of Ecu on kidney sur-
vival, as previously shown [26–28].

6. The retrospective nature of this study.

Despite all these limitations, we still think that this paper is
a valuable guide for pediatric nephrologists in the manage-
ment of children with C3G.

In conclusion, C3G represents a heterogeneous clinical pre-
sentation, commonly with MPGN pattern of injury and unfa-
vorable outcome, and therefore, all patients should be moni-
tored for CKD progression. Impaired kidney function and
hypoalbuminemia are significant predictors of CKD 5.
Additional larger prospective studies, including genetic test-
ing of the alternative pathway of complement components and
screening for autoantibodies, are needed to evaluate the effect
of different treatment strategies on long-term kidney survival.

Acknowledgments We would like to thank Prof. Ahmet Ozturk and Dr.
Sumeyra Cicek Ozdemir who helped us in statistical analysis.

Authors’ contributions A.S.P, I.D, and R.D designed the study. A.S.P,
I.D, I.G, E.Ç, S.S, M.T.B, O.D, E.M, D.T, N.Ç. D.Y, S.A.B, Y.T, Z.Y.Y,
E.B, M.K, A.S, N.C, B.A, M.E.Ç, M.T, M.B, G.Ö, and RD carried out
the recruitment of patients into the study. I.D and A.S.P analyzed,
interpreted the data, and wrote the article. All the authors reviewed and
revised the article and approved the final version.

Compliance with ethical standards

The study protocol was approved by the local institutional Ethics
Committee (2017/209).

Conflict of interest The authors declare that they have no competing
interests and they have not received any funds or grants for this manu-
script. The results presented in this paper have not been published previ-
ously in whole or part, except in abstract format.

References

1. Pickering MC, D’agati VD, Nester CM, Smith RJ, Haas M, Appel
GB, Alpers CE, Bajema IM, Bedrosian C, Braun M, Doyle M,
Fakhouri F, Fervenza FC, Fogo AB, Fremeaux-Bacchi V, Gale
DP, Jorge EG, Harris CL, Holers VM, Johnson S, Lavin PJ,
Medjeral-Thomas N, Morgan BP, Nast CC, Noel L, Peters DK,
Cordoba SR, Servais A, Sethi S, Song WC, Tamburini P,
Thurman JM, Zavros M, Cook HT (2013) C3 glomerulopathy:
consensus report. Kidney Int 84:1079–1089

2. Nester CM, Smith RJ (2013) Treatment options for C3 glomeru-
lopathy. Curr Opin Nephrol Hypertens 22:231–237

3. Fakhouri F, Frémeaux-Bacchi V, Noël LH, Cook HT, Pickering
MC (2010) C3 glomerulopathy: a new classification. Nat Rev
Nephrol 6:494–499

4. Rabasco C, Cavero T, Román E, Rojas-Rivera J, Olea T, Espinosa
M, Cabello V, Fernandez-Juarez G, Gonzales F, Avila A, Baltar
MA, Diza M, Alegre R, Elias S, Anton M, Frutos MA, Pobes A,
Blasco M, Martin F, Bernis C, Macias M, Barroso S, Lorenza A,

1203Pediatr Nephrol (2021) 36:1195–1205



Ariceta G, Lopez-Medoza M, Rivas B, Lopez-Revuelta K,
Campistol JM, Mendizabal S, Cordoba SR, Praga M (2015)
Effectiveness of mycophenolate mofetil in C3 glomerulonephritis.
Kidney Int 88:1153–1160

5. Medjeral-Thomas NR, O’ShaughnessyMM, O’Regan JA, Traynor
C, Flanagan M, Wong L, Teoh CW, Awan A, Waldron M, Cairns
T, O'Kelly P, Dorman AM, Pickering MC, Conlon PJ, Cook HT
(2014) C3 glomerulopathy: clinicopathologic features and predic-
tors of outcome. Clin J Am Soc Nephrol 9:46–53

6. Ravindran A, Fervenza FC, Smith RJH, De Vriese AS, Sethi S
(2018) C3 glomerulopathy: ten years’ experience at Mayo Clinic.
Mayo Clin Proc 93:991–1008

7. Ricklin D, Lambris JD (2016) New milestones ahead in
complement-targeted therapy. Semin Immunol 28:208–222

8. Al-Ghaithi B, Chanchlani R, Riedl M, Thorner P, Licht C (2016)
C3 Glomerulopathy and post-infectious glomerulonephritis define
a disease spectrum. Pediatr Nephrol 31:2079–2086

9. Yazılıtaş F, Kargın Çakıcı E, Kurt Şükür ED, Can G, Güngör T,
Orhan D, Bülbül M (2020) C3 glomerulopathy: experience of a
pediatric nephrology center. Acta Clin Belg. https://doi.org/10.
1080/17843286.2020.1713450

10. Kumar A, Nada R, Ramachandran R, Rawat A, Tiewsoh K, Das R,
Rayat CS, Gupta KL, Vasishta RK (2020) Outcome of C3 glomer-
ulopathy patients: largest single-centre experience from South Asia.
J Nephrol 33:539–550

11. Pinarbasi AS, Dursun I, Poyrazoglu M, Akgun H, Bozpolat A,
Dusunsel R (2020) Evaluation of the children with C3 glomerulop-
athy. Saudi J Kidney Dis Transpl 31:79–89

12. Dragon-Durey M, Frmeaux-Bacchi V, Loirat C, Blouin J, Niaudet
P, Deschenes G, Coppo P, Fridman WH, Weiss L (2004)
Heterozygous and homozygous factor H deficiencies associated
with hemolytic uremic syndrome or membranoproliferative glo-
merulonephritis : report and genetic analysis of 16 cases. J Am
Soc Nephrol 15:787–795

13. Bomback AS, Santoriello D, Avasare RS, Regunathan-Shenk R,
Canetta PA, Ahn W, Radhakrisnan J, Marasa M, Rosenstiel PE,
Herlitz LC, Markowitz GS, D'Agati VD, Appel GB (2018) C3
glomerulonephritis and dense deposit disease share a similar dis-
ease course in a large United States cohort of patients with C3
glomerulopathy. Kidney Int 93:977–985

14. Caliskan Y, Torun ES, Tiryaki TO, Oruc A, Ozluk Y, Akgul SU,
Temurhan S, Oztop N, Kilicaslan I, Sever MS (2017)
Immunosuppressive treatment in C3 glomerulopathy: is it really
effective? Am J Nephrol 46:96–107

15. Avasare RS, Canetta PA, Bomback AS, Marasa M, Caliskan Y,
Ozluk Y, Li Y, Gharavi AG, Appel GB (2018) Mycophenolate
mofetil in combination with steroids for treatment of C3 glomeru-
lopathy: a case series. Clin J Am Soc Nephrol 213:406–413

16. Kojc N, Bahovec A, Levart TK (2019) C3 glomerulopathy in chil-
dren: is there still a place for anti-cellular immunosuppression?
Nephrology 24:188–194

17. Ravindran A, Fervenza FC, Smith RJH, Sethi S (2017) C3 glomer-
ulonephritis with a severe crescentic phenotype. Pediatr Nephrol
32:1625–1633

18. Kurien AA, Larsen C, Rajapurkar M, Bonsib SM, Walker P (2016)
Lack of electron microscopy hinders correct renal biopsy diagnosis:
a study from India. Ultrastruct Pathol 40:14–17

19. Sethi S, Fervenza FC, Zhang Y, Zand L, Meyer NC, Borsa N, Nasr
SH, Smith RJ (2013) Atypical postinfectious glomerulonephritis is
associated with abnormalities in the alternative pathway of comple-
ment. Kidney Int 83:293–299

20. Sethi S, Nester CM, Smith RJH (2012) Membranoproliferative glo-
merulonephritis and C3 glomerulopathy: resolving the confusion.
Kidney Int 81:434–441

21. Koopman JJE, Vries APJ, De Bajema IM (2019) C3 glomerulopa-
thy. Nephrol Dial Transplant:gfz201. https://doi.org/10.1093/ndt/
gfz201

22. Dimkovic N, Jovanovic D, Kovacevic Z, Rabrenovic V, Nesic V,
Savin M, Mitic B, Ratkovic M, Curis S, Mitic I, Pljesa S, Perunici-
pekovic G, Marinkovic J, Popovic J, Vujic D (2009)
Mycophenolate mofetil in high-risk patients with primary glomer-
ulonephritis: results of a 1-year prospective study. Nephron Clin
Pract 111:189–196

23. Holle J, Berenberg-Goßler L, Wu K, Beringer O, Kropp F, Müller
D, Thumfart J (2018) Outcome of membranoproliferative glomer-
ulonephritis and C3-glomerulopathy in children and adolescents.
Pediatr Nephrol 33:2289–2298

24. Gellermann J, Weber L, Pape L, Tönshoff B, Hoyer P, Querfeld U
(2013) Mycophenolate mofetil versus cyclosporin a in children
with frequently relapsing nephrotic syndrome. J Am Soc Nephrol
24:1689–1697

25. Vivarelli M, Emma F (2014) Treatment of C3 glomerulopathy with
complement blockers. Semin Thromb Hemost 40:472–477

26. VivarelliM, Pasini A, Emma F (2012) Eculizumab for the treatment
of dense-deposit disease. N Engl J Med 366:1163–1165

27. Daina E, Noris M, Remuzzi G (2012) Eculizumab in a patient with
dense-deposit disease. N Engl J Med 366:1161–1163

28. Le Quintrec M, Lapeyraque A, Lionet A, Sellier-leclerc A, Delmas
Y, Baudouin V, Daugas E, Decramer S, Tricot L, CailliezM, Dubot
P, Servais A, Mourey-Epron C, Pourcine F, Loirat C, Frémeaux-
Bacchi V, Fakhouri F (2018) Patterns of clinical response to
eculizumab in patients with C3 glomerulopathy. Am J Kidney Dis
72:84–92

29. Bomback AS, Smith RJ, Barile GR, Zhang Y, Heher EC, Herlitz L,
Stokes MB, Markowitz GS, D'Agati VD, Canetta PA,
Radhakrishnan J, Appel GB (2012) Eculizumab for dense deposit
disease and C3 glomerulonephritis. Clin J Am Soc Nephrol 7:748–
756

30. Lebreton C, Bacchetta J, Dijoud F, Bessenay L, Fremeaux-Bacchi
V, Sellier-Leclerc AL (2017) C3 glomerulopathy and eculizumab: a
report on four paediatric cases. Pediatr Nephrol 32:1023–1028

31. Barbour S, Gill JS (2015) Advances in the understanding of com-
plement mediated glomerular disease: implications for recurrence
in the transplant setting. Am J Transplant 15:312–319

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

1204 Pediatr Nephrol (2021) 36:1195–1205

https://doi.org/10.1080/17843286.2020.1713450
https://doi.org/10.1080/17843286.2020.1713450
https://doi.org/10.1093/ndt/gfz201
https://doi.org/10.1093/ndt/gfz201


Affiliations

Ayşe Seda Pınarbaşı1 & Ismail Dursun1
& Ibrahim Gokce2

& Elif Çomak3 & Seha Saygılı4 &Meral Torun Bayram5
&

Osman Donmez6 & Engin Melek7 & Demet Tekcan8
& Neslihan Çiçek2 & Dilek Yılmaz9 & Yılmaz Tabel10 &

Zeynep Y. Yıldırım11
& Elif Bahat12 &Mustafa Koyun3

& Alper Soylu5
& Nur Canpolat4 & Bağdagül Aksu13

&

Mehtap Ezel Çelakıl14 &Mehmet Taşdemir15 &Meryem Benzer16 & Gül Özçelik17 & Sevcan A. Bakkaloğlu18
&

Ruhan Düşünsel1

1 Department of Pediatric Nephrology, Erciyes University, Faculty of

Medicine, Kayseri, Turkey

2 Department of Pediatric Nephrology, Faculty of Medicine, Marmara

University, İstanbul, Turkey

3 Department of Pediatric Nephrology, Faculty of Medicine, Akdeniz

University, Antalya, Turkey

4 Department of Pediatric Nephrology, Cerrahpasa Faculty of

Medicine, Istanbul University, İstanbul, Turkey

5 Department of Pediatric Nephrology, Faculty of Medicine, Dokuz

Eylül University, İzmir, Turkey

6 Department of Pediatric Nephrology, Faculty of Medicine, Uludağ
University, Bursa, Turkey

7 Department of Pediatric Nephrology, Faculty of Medicine,

Cukurova University, Adana, Turkey

8 Department of Pediatric Nephrology, Faculty of Medicine, Ondokuz

Mayıs University, Samsun, Turkey

9 Department of Pediatric Nephrology, Faculty of Medicine, Adnan

Menderes University, Aydın, Turkey

10 Department of Pediatric Nephrology, Faculty of Medicine, İnönü
University, Malatya, Turkey

11 Department of Pediatric Nephrology, Istanbul Faculty of Medicine,

Istanbul University, İstanbul, Turkey

12 Department of Pediatric Nephrology, Faculty of Medicine,

Karadeniz Teknik University, Trabzon, Turkey

13 Department of Pediatric Nephrology, University of Health

Sciences, Haseki Education and Research Hospital,

İstanbul, Turkey

14 Department of Pediatric Nephrology, Faculty of Medicine, Kocaeli

University, İzmit, Kocaeli, Turkey

15 Department of Pediatric Nephrology, Faculty of Medicine, Koç

University, İstanbul, Turkey

16 Department of Pediatric Nephrology, Bakırköy Dr Sadi Konuk

Training and Research Hospital, İstanbul, Turkey

17 Department of Pediatric Nephrology, University of Health

Sciences, Sisli Hamidiye Etfal Training and Research Hospital,

İstanbul, Turkey

18 Department of Pediatric Nephrology, Faculty of Medicine, Gazi

University, Ankara, Turkey

1205Pediatr Nephrol (2021) 36:1195–1205

https://orcid.org/0000-0002-0191-4344

	Predictors of poor kidney outcome in children with C3 glomerulopathy
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study design and study population
	Definitions
	Outcomes
	Genetic and autoantibody testing
	Statistical analysis


	Results
	Outcomes
	Comparison between CKD5 and non-CKD5 patients in terms of clinical and laboratory parameters at baseline and last follow-up
	Electron microscopy findings
	Predictors of CKD 5

	Discussion
	References


