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ABSTRACT 

Background. Data on the prognostic factors for C3 glomerulopathy ( C3G) are limited, and validation of the new C3G 

histologic index ( C3G-HI) in different settings is still needed. We aimed to evaluate the chronicity score of C3G-HI and 
probable prognostic factors in our population. 
Methods. In this registry study, 74 patients from 20 centers with adequate follow-up data were included. Total chronicity 
score ( TCS) was calculated according to percentages of glomerulosclerosis, interstitial fibrosis, tubular atrophy, and 
presence of arterio- and arteriolosclerosis. Primary composite outcome was defined as doubling of serum creatinine 
from baseline, undergoing dialysis or transplantation, development of stage 5 chronic kidney disease, or death. 
Results. Median age was 34 [interquartile range ( IQR) 24–46] years, and 39 patients ( 52.7%) were male. Median follow-up 
duration was 36 ( IQR 12–60) months, and median TCS was 3 ( IQR 1–5) . Overall, 19 patients ( 25.7%) experienced primary 
composite outcome. Multivariate Cox regression model showed that only hemoglobin [adjusted HR ( aHR) 0.67, 95% 

confidence interval 0.46–0.97, P = .035] predicted primary composite outcome, and TCS fell short of the statistical 
significance ( aHR 1.26, 0.97–1.64, P = .08) . Receiver operating characteristic analysis demonstrated that TCS showed an 

area under the curve value of 0.68 ( 0.56–0.78, P = .028) in discriminating primary composite outcome at 3 years, and 
3-year kidney survival was lower in patients with TCS ≥4 ( 72.4%) compared with TCS < 4 ( 91.1%) in Kaplan–Meier 
analysis ( P = .036) . 
Conclusions. Low hemoglobin levels predicted dismal outcomes in patients with C3G. TCS ≥4 was associated with a 
worse 3-year kidney survival, which validated the 3-year prognostic value of the TCS of C3G-HI in our population. 

GRAPHICAL ABSTRACT 
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NTRODUCTION 

3 glomerulopathy ( C3G) is a rare kidney disease with an inci- 
ence of 1–3 per million, and associated with alternative com- 
lement pathway dysregulation in both plasma and glomerular 
icroenvironments [1 ]. The hallmark histologic finding of C3G is 
n isolated or dominant C3 deposition, and the disease includes 
wo major subtypes: C3 glomerulonephritis ( C3GN) and dense 
eposit disease ( DDD) [1 ]. 

https://players.brightcove.net/1611106596001/default_default/index.html?videoId=6349384157112


Histologic chronicity score for C3 glomerulopathy 3

KEY LEARNING POINTS 

What was known: 

• Since progression to kidney failure in 5 years has been found in up to half of the patients with C3 glomerulopathy ( C3G) , it 
is crucial to select the patients who might really benefit from immunosuppressive therapies.

• A histologic index for C3G ( C3G-HI) , which includes an activity score consisting of seven parameters and a chronicity score 
involving four parameters evaluated with a semiquantitative scale, has been developed recently.

• Only one additional cohort examined and validated the usefulness of this tool, further demonstrating that chronicity score 
had the utmost significance.

This study adds: 

• Total chronicity score ( TCS) fell short of the statistical significance in predicting primary composite outcome, which includes 
doubling of serum creatinine from baseline, undergoing dialysis or transplantation, development of stage 5 chronic kidney 
disease or death.

• TCS showed a good area under the curve value in discriminating primary composite outcome at 3 years, and 3-year kidney 
survival was lower in patients with higher TCS levels.

• Only hemoglobin levels at diagnosis predicted primary composite outcome in multivariate models.

Potential impact: 

• Three-year prognostic value of the TCS in Turkish population has been validated in this multicenter study.
• TCS of C3G-HI can be used to identify the patients who have high risk of disease progression.
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Despite the recent advances in delineating the underlying ge- 
etic and pathologic mechanisms, treatment options are very 
ew: mycophenolic acid derivatives in combination with gluco- 
orticoids and eculizumab [2 , 3 ]. Their success has been limited
n various series, and the data on these treatment options have
een mainly observational, lacking randomized controlled trials 
3 ]. Even though the efficacy of mycophenolic acid–based regi-
ens was suggested by two independent cohorts [4 , 5 ], it was
ot supported by the data from different countries throughout 
he Europe [6 , 7 ]. Also, eculizumab was not found to be benefi-
ial in patients with a quiescent progressive course instead of a
rescentic rapidly progressive disease [8 ]. As expected, outcomes 
ave been quite dismal in C3G: progression to kidney failure in
 years has been found in up to half of patients [9 ]. Thus, it still
emains crucial to select the patients who might really benefit
rom immunosuppressive therapies. 

Several predictors of disease progression such as age, es- 
imated glomerular filtration rate ( eGFR) and proteinuria at 
he time of diagnosis, percentage of crescentic and sclerotic 
lomeruli, and interstitial fibrosis ( IF) have been suggested by 
arious studies [6 , 7 , 10 , 11 ]. Recently, a histologic index for C3G
 C3G-HI) has been proposed: an activity score consisting of seven 
arameters and a chronicity score involving four parameters as- 
essed with a semiquantitative scale [9 ]. In the original proposal,
t was also shown that total activity and chronicity scores could
redict the disease progression [9 ]. To the best of our knowledge,
nly one additional cohort examined and validated the useful- 
ess of this tool, further demonstrating that chronicity score had
he utmost significance [2 ]. Still, there is an unmet need to evalu-
te C3G-HI in different settings. Therefore, we aimed to evaluate 
he chronicity score of C3G-HI and probable prognostic factors 
n our population. 

ATERIALS AND METHODS 

atient selection 

or the purposes of this nationwide retrospective multicenter 
tudy, data were obtained from the registry of the Glomerular
iseases Working Group of the Turkish Society of Nephrology 
 TSN-GOLD) [12 ]. Ninety-nine adult patients with biopsy-proven 
3G were identified, and 74 patients from 20 centers who were
iagnosed between 2000 and 2021 and had follow-up data on
reatment strategies, serum creatinine, serum albumin and pro-
einuria were included. Individuals with C3G associated with
ystemic autoimmune diseases, monoclonal disorders or viral 
nfections were excluded from the analyses. 

Demographic, clinical and laboratory characteristics of all pa-
ients were obtained and entered into the registry by an attend-
ng nephrologist at every center. Histopathological details were
athered from the individual biopsy data. Hypertension was de-
ned as systolic blood pressure ( BP) ≥140 mmHg or diastolic BP
90 mmHg or using antihypertensive agents. Urinary protein-
o-creatinine ratio in the first morning specimens was used to
stimate proteinuria throughout the follow-up, and 24-h urine
ollection was selectively used to solve any discrepancies arising
rom the spot urine assessment. Nephrotic-range proteinuria 
as defined as proteinuria level of ≥3 g/24 h in the absence of
ephrotic syndrome. Nephritic syndrome was described as the
ombination of hypertension, reduced levels of eGFR, microhe-
aturia and subnephrotic proteinuria [2 ]. eGFRs were calculated
y using the Chronic Kidney Disease ( CKD) Epidemiology Col- 
aboration ( CKD-EPI) 2009 formula [13 ]. Angiotensin-converting 
nzyme inhibitors or angiotensin receptor blockers were started
n all patients unless they had stage 4 or 5 CKD [14 ], and these
gents were maintained as long as the patients tolerated. De-
ision to use immunosuppressives and selection of the agents
ere at the discretion of the treating nephrologist at every cen-
er. After 2012, treatment decisions were made based on the Kid-
ey Disease: Improving Global Outcomes guidelines [3 , 15 ]. 

istopathological evaluation and calculation of total 
hronicity score 

 nephropathologist at every center evaluated individual kid-
ey biopsies. In general, adequate kidney biopsy specimens
aving at least eight glomeruli were assessed by using light
nd immunofluorescence microscopy. All histochemical and im- 
unofluorescence stains were prepared by using 3–4 μm sec-

ions. About 0.4–0.6 cm unfixed tissue was frozen with liquid
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itrogen for immunofluorescence staining of immunoglobulin 
( IgG) , IgM, IgA, C1q, C3, Kappa, Lambda and fibrinogen. Im- 
unofluorescence staining was graded with a semiquantita- 

ive scale from 0 to 3 ( 0, negative; 1, weak; 2, moderate; and 
, strong staining) . Remaining tissues were fixed in formalin 
xative, embedded in paraffin, and processed routinely for light 
icroscopic evaluation ( hematoxylin and eosin, periodic acid–
chiff, methenamine silver–periodic acid, Masson trichrome and 
ongo red) [16 ]. C3G diagnosis was made according to the stan- 
ard criteria, which include a dominant C3 of two or more orders 
f magnitude more than other immune reactants [17 ]. Histologi- 
al data were mainly extracted from the already available biopsy 
eports. Biopsy reports that belonged to the time before C3G def- 
nition were examined by a nephrologist at every center to see 
hether they met the diagnostic criteria of C3G. If needed, a 
ephropathologist consultation was made on a case-by-case ba- 
is. Finally, the first author ( S.M.) examined all histopathological 
ata from the registry and confirmed the diagnoses. IF and tubu- 
ar atrophy ( TA) were graded using a semiquantitative scale from 

 to 3: 0, normal; 1 ( mild) , < 25% of interstitium; 2 ( moderate) ,
5%–50%; and 3 ( severe) , > 50% [16 ]. Endocapillary proliferation 
as described as an increase in number of cells within glomeru- 

ar capillary lumina, causing luminal narrowing or obliteration,
nd the presence of edema and infiltration of mononuclear cells 
n nonfibrotic cortex was defined as interstitial inflammation [9 ].
otal chronicity score ( TCS) out of 10 was calculated according to 
ercentages of glomerulosclerosis, IF, TA and presence of arterio- 
nd arteriolosclerosis [9 ]. In order to calculate the TCS, another 
emiquantitative scale from 0 to 3 was applied for percentages of 
lomerulosclerosis, IF and TA, whereas presence of arterio- and 
rteriolosclerosis was assessed as 0 or 1 [9 ]. Total activity scores 
ould not be computed since reevaluation of all biopsy samples 
ere not performed. 

tudy outcomes 

rimary composite outcome was defined as doubling of serum 

reatinine from baseline, undergoing dialysis or transplanta- 
ion, development of stage 5 CKD ( eGFR < 15 mL/min/1.73 m2 ) 
r death. Secondary outcome was complete or partial remission 
 CR or PR) . CR was determined to be achieved when proteinuria 
ecreased to ≤0.3 g/24 h with normal serum albumin and crea- 
inine concentrations, while PR was considered as a proteinuria 
eduction of ≥50% ( and a proteinuria value of < 3 g/24 h in pa- 
ients with nephrotic syndrome or nephrotic-range proteinuria 
t baseline) and stabilization or improvement in kidney function 
3 ]. Associations of clinical, laboratory and histopathological fea- 
ures with primary composite outcome were also evaluated. 

tatistical analyses 

esults were expressed as mean ± standard deviation when nor- 
ally distributed or as median [interquartile range ( IQR) ] other- 
ise. Comparisons of continuous variables between the groups 
ere evaluated with t -tests or the Mann–Whitney U test where 
ppropriate. Differences in the proportions of the groups were 
ompared using the chi-squared or Fisher’s exact test. Rela- 
ionships were determined by Pearson correlation coefficient or 
pearman’s rho. Variables found a promising effect on the pri- 
ary composite outcome in univariate analyses ( a P -value of 
.10 for each variable) were included in the multivariate Cox 
roportional hazards model. Age, sex and variables which are 
lready known to affect the outcomes were added to the mod- 
ls, as well. Results of the regression models were demonstrated 
s hazard ratios ( HRs) and 95% confidence intervals ( CIs) . Re- 
eiver operating characteristic ( ROC) curve was used and area 
nder the curve ( AUC) value was calculated to assess the perfor- 
ance of the TCS in discriminating primary composite outcome.
eriods of primary outcome-free kidney survival were analyzed 
sing Kaplan–Meier curves by using log-rank test, and this pe- 
iod for each patient was computed from baseline evaluation 
o the last follow-up, primary composite outcome or a specific 
imepoint. Statistical analyses were performed with SPSS for 
indows ( SPSS version 25.0, IBM Corp., Armonk, NY, USA) , and 
raphics were generated using MedCalc for Windows ( MedCalc 
ersion 19.0, MedCalc Software, Ostend, Belgium) . All analyses 
ere two-sided and a P -value of ≤.05 was considered as statisti-
ally significant. 

thical issues 

ncluded patients provided informed consent to extract their 
ata to the registry. The TSN-GOLD registry and the studies de- 
ived from its data were approved by Istanbul University Istan- 
ul Faculty of Medicine Ethical Committee ( 2011/1164) , and com- 
lied with the Declaration of Helsinki and its later amendments.

ESULTS 

aseline features 

edian age was 34 ( IQR 24–46) years, and 39 patients ( 52.7%) 
ere male. Thirty-six ( 48.6%) were hypertensive at the time of di- 
gnosis. Approximately one-third of the whole cohort ( 26, 35.1%) 
resented with mixed nephrotic and nephritic features, while 22 
 29.7%) had nephrotic syndrome or nephrotic-range proteinuria,
3 ( 17.6%) nephritic syndrome and 13 ( 17.6%) had proteinuria 
 with or without hematuria) with stable eGFR. Median serum 

reatinine and eGFR levels were 1.3 ( IQR 0.7–2.1) mg/dL and 58.9 
 IQR 30.9–119.7) mL/min/1.73 m2 , respectively. Median serum al- 
umin was 3.4 ( IQR 2.5–4) g/dL, median proteinuria was 4400 
 IQR 1498–6628) mg/day and 71.6% of all patients had hema- 
uria. Mean hemoglobin level was 11.8 ± 2.5 g/dL, and eGFR and 
emoglobin were moderately correlated ( r = 0.541, P < .001) .
emographic, clinical and histopathological characteristics of 
ll patients are shown in Table 1 . 

The median number of glomeruli was 18 ( 14–31.3) . Twenty- 
ne ( 28.4%) biopsies were performed before the establishment 
f the diagnostic criteria of C3G in 2013, so these reports were re-
xamined by a nephrologist at every center and a nephropathol- 
gist consultation was made if needed. Median percentage of 
clerotic glomeruli was 10.4 ( IQR 1.5–30.3) . Grade 0, 1, 2 and 3 
F were seen in 31 ( 41.9%) , 28 ( 37.8%) , 13 ( 17.6%) and 2 ( 2.7%) 
atients, respectively. Grade 0, 1, 2 and 3 TA were found in 21
 28.4%) , 39 ( 52.7%) , 10 ( 13.5%) and 4 ( 5.4%) patients, respectively,
s well. Arterio- and arteriosclerosis was noticed in 28 ( 37.8%) 
atients, and median TCS was calculated as 3 ( IQR 1–5) . Twenty 
 27%) individuals had crescents. In these 20 patients, median 
ercentage of glomeruli with crescents was 10 ( IQR 5.6–21.8) . Six- 
een patients had cellular and/or fibrocellular crescents and 5 
ad fibrous crescents. No patients had lesions suggesting con- 
omitant thrombotic microangiopathy in the diagnostic biopsy. 

ollow-up and study outcomes 

edian follow-up duration of the whole cohort was 36 ( IQR 12–
0) months. Fifty-five patients ( 74.3%) were treated with some 
orm of immunosuppression: 55 ( 74.3%) used glucocorticoids,
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Table 1: Demographic, clinical and histopathological characteristics 
of all patients at the baseline ( n = 74) . 

Characteristics Values 

Sex ( male) , n ( %) 39 ( 52.7) 
Age at diagnosis ( years) , median ( IQR) 34 ( 24–46) 
Hypertension at diagnosis, n ( %) 36 ( 48.6) 
Systolic BP ( mmHg) , median ( IQR) 130 ( 120–140) 
Diastolic BP ( mmHg) , median ( IQR) 80 ( 74–90) 
Presentation, n ( %) 

Proteinuria with or without hematuria, 
with stable eGFR 

13 ( 17.6) 

Nephrotic syndrome or nephrotic-range 
proteinuria 

22 ( 29.7) 

Nephritic syndrome 13 ( 17.6) 
Mixed ( nephrotic and nephritic) 26 ( 35.1) 

Serum creatinine ( mg/dL) , median ( IQR) 1.3 ( 0.7–2.1) 
eGFR ( mL/min/1.73 m2 ) , median ( IQR) 58.9 ( 30.9–119.7) 
Serum albumin ( g/dL) , median ( IQR) 3.4 ( 2.5–4.0) 
Hemoglobin ( g/dL) , mean ± SD 11.8 ± 2.5 
Low C3, n ( %) 36/71 ( 50.7) 
Low C4, n ( %) 7/67 ( 10.4) 
Proteinuria ( mg/day) , median ( IQR) 4400 ( 1498–6628) 
Hematuria, n ( %) 53 ( 71.6) 
Histolopathological features 

Percentage of global and segmental 
glomerulosclerosis, median ( IQR) 

10.4 ( 1.5–30.3) 

IF, n ( %) 
Grade 0 31 ( 41.9) 
Grade 1 28 ( 37.8) 
Grade 2 13 ( 17.6) 
Grade 3 2 ( 2.7) 

TA, n ( %) 
Grade 0 21 ( 28.4) 
Grade 1 39 ( 52.7) 
Grade 2 10 ( 13.5) 
Grade 3 4 ( 5.4) 

Arterio- and arteriolosclerosis, n ( %) 28 ( 37.8) 
Endocapillary proliferation, n ( %) 35 ( 47.3) 
Interstitial inflammation, n ( %) 53 ( 71.6) 
Presence of crescents, n ( %) 20 ( 27) 
Cellular and/or fibrocellular crescents, n ( %) 16 ( 21.6) 

SD: standard deviation. 
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Table 2: Treatment characteristics and study outcomes ( n = 74) . 

Treatment n ( %) 

Any immunosuppression 55 ( 74.3) 
Glucocorticoids 55 ( 74.3) 
Mycophenolic acid derivatives 25 ( 33.8) 
Cyclophosphamide 11 ( 14.9) 
Eculizumab 5 ( 6.8) 
Azathioprine 5 ( 6.8) 
Calcineurin inhibitors 4 ( 5.4) 
Rituximab 2 ( 2.7) 
Outcomes 
Primary composite outcome 19 ( 25.7) 

Dialysis or transplantation 12 ( 16.2) 
Doubling of serum creatinine 4 ( 5.4) 
Stage 5 CKD 1 ( 1.4) 
Death 3 a ( 4.1) 

Secondary outcome ( remission) 31 ( 41.9) 
CR 14 ( 18.9) 
PR 17 ( 23) 

a One patient died shortly after becoming dialysis-dependent. 
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5 ( 33.8%) mycophenolic acid derivatives, 11 ( 14.9%) cyclophos- 
hamide, 5 ( 6.8%) eculizumab and 2 ( 2.7%) rituximab ( Table 2 ) . 
Overall, 19 patients ( 25.7%) experienced primary composite 

utcome over a median of 24 ( IQR 6–51) months. Twelve ( 16.2%) 
nderwent kidney replacement therapies, four ( 5.4%) experi- 
nced doubling of serum creatinine and one ( 1.4%) reached stage 
 CKD. Three ( 4.1%) patients died due to infections ( n = 2) and un-
nown causes ( n = 1) , including a patient who died shortly after
ecoming dialysis dependent. At their last follow-up, 31 patients 
 41.9%) were in some form of remission ( 14 CR and 17 PR) . Median
erum creatinine and eGFR levels reached 1.1 ( IQR 0.6–1.8) mg/dL 
nd 67.7 ( IQR 40.9–111.9) mL/min/1.73 m2 , respectively. Also,
edian serum albumin and proteinuria were 4.1 ( IQR 3.4–4.4) 
/dL and 1021 ( IQR 387.5–3101.5) mg/day, respectively. 

Univariate analyses of all patients revealed that presence of 
ellular and/or fibrocellular crescents ( HR 2.95, 95% CI 1.19–7.32,
 = .020) , grade 2–3 TA ( HR 2.77, 95% CI 1.03–7.42, P = .043) , sys-
olic BP ( HR 1.02, 95% CI 1.01–1.03, P = .003) and diastolic BP ( HR
.07, 95% CI 1.02–1.11, P = .002) , eGFR ( HR 0.99, 95% CI 0.97–0.997,
 = .011) , serum albumin ( HR 0.46, 95% CI 0.26–0.81, P = .008) and
emoglobin ( HR 0.64, 95% CI 0.50–0.82, P < .001) at the time of di-
gnosis predicted the primary composite outcome ( Table 3 ) . As
CS and TA have overlapping components, two models were cre-
ted during multivariate Cox regression. Both models included
ale sex, age at diagnosis, presence of cellular and/or fibro-
ellular crescents, systolic and diastolic BP, eGFR, serum albu-
in, hemoglobin, proteinuria and use of immunosuppression 
s variables. In addition, grade 2–3 TA was included in Model 1,
nd TCS in Model 2. The second model demonstrated that only
emoglobin [adjusted HR ( aHR) 0.67, 95% CI 0.46–0.97, P = .035]
redicted the primary composite outcome. Even though they fell
hort of the statistical significance, a trend was observed for
erum albumin ( aHR 0.45, 95% CI 0.20–1.004, P = .051) , systolic
P ( aHR 1.03, 95% CI 0.999–1.06, P = .06) and TCS ( aHR 1.26, 95%
I 0.97–1.64, P = .08) ( Table 4 ) . 
Since the median follow-up period was 36 months, survival

nalyses for primary composite outcome at this time were con-
ucted. A ROC analysis demonstrated that TCS showed an AUC
alue of 0.68 ( 95% CI 0.56–0.78, P = .028) in discriminating pri-
ary composite outcome at 3 years ( Fig. 1 ) . A cut-off value of ≥4
ad 66.7% sensitivity and 66.1% specificity. In addition, Kaplan–
eier analysis revealed that 3-year kidney survival was lower

n patients with TCS ≥4 ( 72.4%) compared with TCS < 4 ( 91.1%)
 P = .036 with log-rank test) ( Fig. 2 ) . 

Twenty-nine patients ( 39.2%) had a TCS of ≥4. When com-
ared with patients with TCS < 4, these patients tended to
resent with mixed nephrotic and nephritic features ( P = .041) .
heir median serum creatinine [1.6 ( IQR 0.95–2.65) vs 1.1 ( IQR 
.65–1.9) mg/dL, P = .031] and proteinuria [5000 ( IQR 3779–6455) 
s 2800 ( IQR 1167–6750) mg/day, P = .028] levels were higher.
reatment modalities did not differ between these patients, and
he study outcomes were generally same. Notably, patients with
CS ≥4 had a higher death rate ( 10.3% vs 0%, P = .028) ( Table 5 ) . 

ISCUSSION 

n recent years, we have witnessed great developments in
he area of glomerular diseases, especially in enlightening
he pathobiology of various diseases, which culminated in a
etter understanding, and hence a better classification of these
ilments. Nevertheless, therapeutic options for most diseases 
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Table 3: Univariate regression analysis regarding primary composite outcome in all patients. 

Univariate analysis 

Variables 
Number ( %) of patients with 
available data for analysis HR ( 95% CI) P 

Male sex 74 ( 100) 1.68 ( 0.66–4.29) .28 
Age at diagnosis 74 ( 100) 1.02 ( 0.99–1.06) .17 
Percentage of sclerotic glomeruli 74 ( 100) 1.004 ( 0.99–1.02) .70 
Presence of cellular and/or fibrocellular crescents 74 ( 100) 2.95 ( 1.19–7.32) .020 
Presence of fibrous crescents 74 ( 100) 0.04 ( 0.00–53.87) .39 
Endocapillary proliferation 74 ( 100) 2.06 ( 0.79–5.37) .14 
Interstitial inflammation 74 ( 100) 2.41 ( 0.79–7.36) .12 
Arterio- and arteriolosclerosis 74 ( 100) 1.50 ( 0.60–3.74) .39 
Grade 2–3 IF 74 ( 100) 1.49 ( 0.48–4.59) .49 
Grade 2–3 TA 74 ( 100) 2.77 ( 1.03–7.42) .043 
TCS 74 ( 100) 1.16 ( 0.97–1.38) .11 
TCS ≥4 74 ( 100) 1.63 ( 0.66–4.02) .29 
Systolic BP a 74 ( 100) 1.02 ( 1.01–1.03) .003 
Diastolic BP a 74 ( 100) 1.07 ( 1.02–1.11) .002 
eGFR a 74 ( 100) 0.99 ( 0.97–0.997) .011 
Serum albumin a 72 ( 97.3) 0.46 ( 0.26–0.81) .008 
Hemoglobin a 71 ( 95.9) 0.64 ( 0.50–0.82) < .001 
Proteinuria a 74 ( 100) 1.00 ( 1.00–1.00) .32 
Proteinuria a ( log b ) 74 ( 100) 1.13 ( 0.45–2.87) .80 
Proteinuria ≥3000 mg/day a 74 ( 100) 1.84 ( 0.66–5.14) .24 
Hematuria a 74 ( 100) 1.47 ( 0.48–4.47) .50 
Low serum C3 a 71 ( 95.9) 1.27 ( 0.50–3.23) .61 
Low serum C4 a 67 ( 90.5) 0.57 ( 0.08–4.33) .59 
Use of immunosuppression 74 ( 100) 1.26 ( 0.36–4.43) .72 
Glucocorticoids 74 ( 100) 1.26 ( 0.36–4.43) .72 
Mycophenolic acid derivatives 74 ( 100) 0.94 ( 0.36–2.43) .89 
Cyclophosphamide 74 ( 100) 1.49 ( 0.49–4.50) .48 
Eculizumab 74 ( 100) 2.66 ( 0.59–11.98) .20 
Azathioprine 74 ( 100) 0.66 ( 0.09–4.999) .69 
Calcineurin inhibitors 74 ( 100) 0.04 ( 0.00–47.38) .38 

a At the time of diagnosis. 
b A log10 transformation was used. 
Statistically significant results were shown in bold values. 
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re still scarce. It is of utmost importance to delineate the prog- 
ostic factors of the patients in order to not only envision the 
isease course but also choose the patients who will likely ben- 
fit from immunosuppressive agents. As a result of this search 
or C3G, Bomback et al . developed the C3G-HI for prognostic 
urposes in 2018 [9 ]. In this study, we found that TCS of this
istologic index ≥4 was able to discriminate a worse prognosis 
t 3 years. Also, we demonstrated that hemoglobin level at the 
ime of diagnosis could predict the outcomes, and none of the 
mmunosuppressive agents was associated with better results. 

Over the last decade, cohorts from various countries have 
dentified different prognostic factors for C3G: age, eGFR, pro- 
einuria level, presentation with nephrotic syndrome, disease 
ubtype ( DDD) , crescents, percentage of sclerotic glomeruli,
egree of IF and TA, presence of certain genetic variations 
nd autoantibodies for complement proteins, and treatment 
ith immunosuppressives [2 , 6 , 7 , 9 –11 ]. Notably, traditional 
istopathologic features reflecting chronicity were generally 
mong the predictors in most of these studies [2 , 6 , 9 , 11 ]. TCS
ppeared to be a better predictor than the total activity score in 
he original study [9 ], and a validation cohort showed that only 
CS was able to discriminate the patients with worse outcomes 
2 ]. Similar findings have been reported in other glomerular dis- 
ases like lupus nephritis and IgA nephropathy ( IgAN) [18 –20 ].
or instance, T2 score, which is the presence of IF and/or TA in 
ver 50% of the cortical area, has been noted as the strongest 
redictor of the Oxford Classification for IgAN [19 ]. In this study,
e validated prognostic use of the TCS at 3 years in our popula-
ion. Although it was successful at the 3-year timepoint, it could 
ot differentiate the primary composite outcome throughout 
he whole follow-up as the analysis may have been hindered 
y lack of long-term data of many patients. There was a certain 
rend in the regression model, so limited number of patients 
ompared with previous studies might have played a role in 
he lack of statistical significance, as well [2 , 9 ]. Also, we did not
eport the results of the total activity score since this could only
ave been done by reevaluation of all biopsy samples, which 
ould not be performed within the scope of a registry study. 

Oxygen delivery to the kidneys is hindered in the presence 
f anemia, and this hypoxia may increase fibrosis of the kid- 
eys aggravating the hypoxia itself, which may result in a dan- 
erous cycle leading to kidney failure [21 ]. Although anemia is 
 known complication of CKD, clinical evidence suggests that it 
an also be a risk factor for disease progression [22 ]. Notably, var-
ous studies in IgAN reported worse outcomes in patients with 
nemia [23 –25 ]. We showed that low hemoglobin levels were as- 
ociated with dismal outcomes in patients with C3G, which is in 
ine with these findings. 

Serum albumin and systolic BP seemed to have some value 
n predicting the primary composite outcome in our study.
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Table 4: Multivariate Cox regression analyses regarding primary composite outcome in all patients. 

Multivariate analysis Model 1 b Multivariate analysis Model 2 b 

Variables HR ( 95% CI) P HR ( 95% CI) P 

Male sex 1.02 ( 0.28–3.73) 0.98 1.03 ( 0.29–3.65) 0.96
Age at diagnosis 0.997 ( 0.96–1.04) 0.90 1.00 ( 0.96–1.05) 1.00 
Presence of cellular and/or fibrocellular crescents 0.94 ( 0.27–3.23) 0.92 0.79 ( 0.23–2.77) 0.72 
Grade 2–3 TA 2.76 ( 0.60–12.72) 0.19 
TCS 1.26 ( 0.97–1.64) 0.08 
Systolic BP a 1.03 ( 0.996–1.06) 0.10 1.03 ( 0.999–1.06) 0.06 
Diastolic BP a 0.997 ( 0.92–1.08) 0.94 0.998 ( 0.93–1.07) 0.95 
eGFR a 0.995 ( 0.98–1.01) 0.52 1.00 ( 0.99–1.02) 0.93 
Serum albumin a 0.54 ( 0.27–1.08) 0.08 0.45 ( 0.20–1.004) 0.051 
Hemoglobin a 0.74 ( 0.53–1.04) 0.09 0.68 ( 0.46–0.97) 0.035 
Proteinuria a 1.00 ( 1.00–1.00) 0.40 1.00 ( 1.00–1.00) 0.46
Use of immunosuppression 1.19 ( 0.17–8.13) 0.86 0.80 ( 0.12–5.20) 0.82

a At the time of diagnosis. 
b Both models included male sex, age at diagnosis, presence of cellular and/or fibrocellular crescents, systolic BP, diastolic BP, eGFR, serum albumin, hemoglobin, 
proteinuria and use of immunosuppression as variables. In addition, grade 2–3 TA was included in Model 1, and TCS in Model 2. 

Statistically significant results were shown in bold values. 

Figure 1: ROC curve showed that total chronicity score demonstrated an AUC value of 0.676 ( 95% CI 0.557–0.780, P = .028) in discriminating primary composite outcome 
at 3 years. A cut-off of ≥4 had 66.7% sensitivity and 66.1% specificity. 
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erum albumin has the potential to reflect the time-averaged 
roteinuria, which is known to account for the prognostic 
ffects of proteinuria over time in studies of glomerulonephritis 
26 , 27 ]. Also, serum albumin might reveal the inflammatory
tatus of a patient [27 ]. These two features might explain why
erum albumin was found to have some form of prognostic
alue in our study while proteinuria at diagnosis was not. Since
ypertension is a known risk factor of CKD progression [28 ], our
ndings with regard to systolic BP were very much expected.
nfortunately, we did not have longitudinal data on BP, thus
e were not able to analyze the effects of the longitudinal BP
rajectory on the outcomes of patients with C3G [29 ]. 
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Figure 2: Kaplan–Meier analysis demonstrated that 3-year kidney survival was lower in patients with TCS ≥4 ( 72.4%) compared with TCS < 4 ( 91.1%) ( P = .036 with 
log-rank test) . 
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A quarter of our patients reached the primary composite out- 
ome, and 40% were in some form of remission at the end of 
ollow-up. Our remission rates were generally in line with the 
revious reports [9 ], but kidney failure was reported to be as 
igh as 40% in contemporary papers of C3G [2 , 9 ]. This differ- 
nce could be partly related to the limited median duration of 
ollow-up in our study. Still, another cohort from our population 
emonstrated similar results, so this difference may have par- 
ially originated from genetic and environmental backgrounds 
6 ]. Also, various immunosuppressive treatment approaches did 
ot seem to show efficacy in our study. Glucocorticoids and my- 
ophenolic acid derivatives were used in 74% and 33% of the pa- 
ients, respectively; however, eculizumab was given to only five 
atients. Immunosuppressive use was numerically higher in pa- 
ients with TCS ≥4 ( 82.8% vs 68.9%) , which may have played a 
ole in the lack of response. Moreover, Caliskan et al . analyzed 66 
atients with C3G according to treatment strategies, and found 
o differences in outcomes between two immunosuppressive 
egimens and conservative care [6 ]. Inherent features of our pop- 
lation might have interfered with the response rates, as well. 
Our study suffered from several limitations. First, this is a 

etrospective observational study, thus a cause–effect relation- 
hip cannot be established. Second, we could not perform a cen- 
ralized pathology review for biopsy samples. TCS was calcu- 
ated by using already available biopsy data, and total activity 
cores could not be computed. Third, we did not provide infor- 
ation on antibodies for complement proteins or genetic analy- 
is, since most of our patients lacked results of these tests, which 
re not easy to perform in resource-limited settings. Fourth, di- 
hotomization of C3G into C3GN and DDD subtypes was not re- 
orted to the registry in most of the patients, and therefore was 
ot included in the analyses. Fifth, duration of follow-up was 
imited. Sixth, we did not have longitudinal data on BP. Finally,
ven though we performed adjusted analyses, prognostic role 
f possible unmeasured confounders cannot be overlooked. On 
he other hand, our study has some strengths. To the best of our
nowledge, this is the second report on external validation of 
3G-HI. Also, we provided the largest multicenter cohort of C3G 

rom our country. 
In conclusion, we demonstrated that low hemoglobin levels 

redicted dismal outcomes in patients with C3G. TCS ≥4 was 
ssociated with a worse 3-year kidney survival, which validated 
he prognostic value of the TCS of C3G-HI at 3 years in our pop-
lation. Further studies are awaited to evaluate the C3G-HI in 
ifferent populations. 
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Table 5: Various features and outcomes of all patients according to the TCS. 

Characteristics TCS < 4 ( n = 45) TCS ≥4 ( n = 29) P 

Sex ( male) , n ( %) 21 ( 46.7) 18 ( 62.1) .24 
Age at diagnosis ( years) , mean ± SD 35 ± 13.2 36.4 ± 14.9 .68 
Hypertension at diagnosis, n ( %) 26 ( 57.8) 12 ( 41.4) .23 
Systolic BP ( mmHg) , median ( IQR) 130 ( 120–140) 130 ( 115–141) .68 
Diastolic BP ( mmHg) , median ( IQR) 80 ( 77.5–90) 84 ( 70–90) .48 
Presentation, n ( %) 

Proteinuria with or without hematuria, with stable eGFR 11 ( 24.4) 2 ( 6.9) .041
Nephrotic syndrome or nephrotic-range proteinuria 13 ( 28.9) 9 ( 31) 
Nephritic syndrome 10 ( 22.2) 3 ( 10.3) 
Mixed ( nephrotic and nephritic) 11 ( 24.4) 15 ( 51.7) 

Serum creatinine ( mg/dL) , median ( IQR) 1.1 ( 0.65–1.9) 1.6 ( 0.95–2.65) .031 
eGFR ( mL/min/1.73 m2 ) , median ( IQR) 83.5 ( 42.9–121.1) 50.2 ( 25.6–103.7) .06 
Serum albumin ( g/dL) , mean ± SD 3.3 ± 0.9 3.2 ± 0.8 .62 
Hemoglobin ( g/dL) , mean ± SD 11.8 ± 2.5 11.9 ± 2.7 .97 
Proteinuria ( mg/day) , median ( IQR) 2800 ( 1167–6750) 5000 ( 3779–6455) .028
Hematuria, n ( %) 12 ( 26.7) 9 ( 31) .68 
Low C3, n ( %) 23/42 ( 54.8) 13/29 ( 44.8) .47 
Low C4, n ( %) 5/39 ( 12.8) 2/28 ( 7.1) .45 
Histopathological features 

Percentage of global and segmental glomerulosclerosis, median ( IQR) 5.6 ( 0–10.4) 35.3 ( 18.3–62.4) < .001 
IF, n ( %) 

Grade 0 27 ( 60) 4 ( 13.8) < .001 
Grade 1 16 ( 35.6) 12 ( 41.4) 
Grade 2 2 ( 4.4) 11 ( 37.9) 
Grade 3 0 ( 0) 2 ( 6.9) 

TA, n ( %) 
Grade 0 19 ( 42.2) 2 ( 6.9) < .001 
Grade 1 24 ( 53.3) 15 ( 51.7) 
Grade 2 2 ( 4.4) 8 ( 27.6) 
Grade 3 0 ( 0) 4 ( 13.8) 

Arterio- and arteriolosclerosis, n ( %) 6 ( 13.3) 22 ( 75.9) < .001 
Endocapillary proliferation, n ( %) 20 ( 44.4) 15 ( 51.7) .64 
Interstitial inflammation, n ( %) 29 ( 64.4) 24 ( 82.8) .09 
Presence of crescents, n ( %) 10 ( 22.2) 10 ( 34.5) .29 
Cellular and/or fibrocellular crescents, n ( %) 11 ( 24.4) 10 ( 34.5) .43 

Treatment, n ( %) 
Any immunosuppression 31 ( 68.9) 24 ( 82.8) .28 
Glucocorticoids 31 ( 68.9) 24 ( 82.8) .28 
Mycophenolic acid derivatives 14 ( 31.1) 11 ( 37.9) .62 
Cyclophosphamide 5 ( 11.1) 6 ( 20.7) .26 
Eculizumab 4 ( 8.9) 1 ( 3.4) .36 
Azathioprine 4 ( 8.9) 1 ( 3.4) .36 
Calcineurin inhibitors 2 ( 4.4) 2 ( 6.9) .65 
Rituximab 1 ( 2.2) 1 ( 3.4) .75 

Outcomes, n ( %) 
Primary composite outcome 10 ( 22.2) 9 ( 31) .40 

Dialysis or transplantation 7 ( 15.6) 5 ( 17.2) .85 
Doubling of serum creatinine 3 ( 6.7) 1 ( 3.4) .55 
Stage 5 CKD 0 ( 0) 1 ( 3.4) .21 
Death 0 ( 0) 3 a ( 10.3) .028 

Secondary outcome ( remission) 21 ( 46.7) 10 ( 34.5) .34 
CR 11 ( 24.4) 3 ( 10.3) .31 
PR 10 ( 22.2) 7 ( 24.1) 
No remission 24 ( 53.3) 19 ( 65.5) 

SD: standard deviation. 
a One patient died shortly after becoming dialysis-dependent. 
Statistically significant results were shown in bold values. 
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