Clinical Kidney Journal, 2024, vol. 17, no. 8, sfae077

https:/doi.org/10.1093/ckj/sfae077
Advance Access Publication Date: 20 March 2024
Original Article

Clinical Kidney Journal

ORIGINAL ARTICLE
Prognostic factors and validation of the histologic
chronicity score for C3 glomerulopathy: a registry

analysis

Safak Mirioglu @', Egemen Cebeci?, Halil Yazici3, Ulver Derici?,

Gulizar Sahin®, Ganime Coban®, Necmi Eren’, Ozkan Gungor®, Fatih Dede’®,
Tamer Dincer’®, Kultigin Turkmen!?, Taner Basturk!?, Murat Duranay'3,
Hakki Arikan'*, Onur Tunca®®, Omer Celal Elcioglu?, Erhan Tatar®®,

Zeki Aydin'/, Deren Oygar?®, Serap Demir’?, Mehmet Tanrisev?°,

IThan Kurultak?!, Aysegul Oruc 22, Aydin Turkmen?, Omer Faruk Akcay?*,
Hakki Cetinkaya® and Savas Ozturk?; on behalf of the Glomerular Diseases
Working Group of the Turkish Society of Nephrology (TSN-GOLD)

1Division of Nephrology, Bezmialem Vakif University Faculty of Medicine, Istanbul, Turkey, ?Division of
Nephrology, Istanbul Haseki Training and Research Hospital, University of Health Sciences, Istanbul, Turkey,
3Division of Nephrology, Istanbul University Istanbul Faculty of Medicine, Istanbul, Turkey, 4Division of
Nephrology, Gazi University Faculty of Medicine, Ankara, Turkey, *Division of Nephrology, Sultan 2.
Abdulhamid Han Training and Research Hospital, University of Health Sciences, Istanbul, Turkey,
6Department of Pathology, Bezmialem Vakif University Faculty of Medicine, Istanbul, Turkey, 'Division of
Nephrology, Kocaeli University Faculty of Medicine, Kocaeli, Turkey, 8Division of Nephrology, Kahramanmaras
Sutcu Imam University Faculty of Medicine, Kahramanmaras, Turkey, °Division of Nephology, Ankara Bilkent
City Hospital, University of Health Sciences, Ankara, Turkey, °Division of Nephrology, Istanbul
University-Cerrahpasa Cerrahpasa Faculty of Medicine, Istanbul, Turkey, 1'Division of Nephrology, Necmettin
Erbakan University Faculty of Medicine, Konya, Turkey, 12Division of Nephrology, Hamidiye Etfal Training and
Research Hospital, University of Health Sciences, Istanbul, Turkey, *Division of Nephrology, Ankara Training
and Research Hospital, University of Health Sciences, Ankara, Turkey, *Division of Nephrology, Marmara
University Faculty of Medicine, Istanbul, Turkey, °Division of Nephrology, Afyonkarahisar Health Sciences
University Faculty of Medicine, Afyonkarahisar, Turkey, ®Division of Nephrology, Bozyaka Training and
Research Hospital, University of Health Sciences, Izmir, Turkey, ’Division of Nephrology, Darica Farabi
Training and Research Hospital, University of Health Sciences, Kocaeli, Turkey, ®Division of Nephrology, Dr
Burhan Nalbantoglu State Hospital, Lefkosa, Cyprus, °Division of Nephrology, Mersin University Faculty of
Medicine, Mersin, Turkey, °Division of Nephrology, Tepecik Training and Research Hospital, University of
Health Sciences, Izmir, Turkey, ' Division of Nephrology, Trakya University Faculty of Medicine, Edirne, Turkey
and ??Division of Nephrology, Bursa Uludag University Faculty of Medicine, Bursa, Turkey

Correspondence to: Safak Mirioglu; E-mail: smirioglu@gmail.com, X (Twitter) handle: @smirioglu, Savas Ozturk; E-mail: savasozturkdr@yahoo.com

Received: 14.10.2023; Editorial decision: 26.2.2024

© The Author(s) 2024. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction
in any medium, provided the original work is properly cited.

Ponoordnoatepeosysdnd ol PERIFYcAL KIDNEY JOURNAL

oejs ETRN
L@Kj 1S/8/L1[B101€/

202 1SNBNy 61 UO Jasn Alsioaun JeA walelwzag Aq G9/2€9


https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfae077
https://orcid.org/0000-0003-0362-8154
https://orcid.org/0000-0002-0710-0923
mailto:smirioglu@gmail.com
mailto:savasozturkdr@yahoo.com
https://creativecommons.org/licenses/by/4.0/

2 | S.Mirioglu et al.

"/7" Watch the video abstract of this contribution
-

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

STl Prognostic factors and validation of the histologic chronicity
Kidney
Journal

score for C3 glomerulopathy: a registry analysis

Data on prognostic factors of C3 glomerulopathy (C3G) are limited, and
validation of the new C3G histologic index (C3G-HI) in different settings is still needed.

Methods Results

Gl lar Di Worki Overall 19 patients (25.7%) experienced
omerular Diseases Working . .
Group of the Turkish Society of primary composite outcome
Nephrology (TSN-GOLD) Median follow-up duration was 36 (12-60) months
Median TCS was 3 (1-5)

74 patients with C3G

from 20 centers | ) . . . .

Mwﬂ\m o p Only hemoglobin predicted primary composite outcome
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kg TCS showed an AUC of 0.68 (0.56-0.78, p=0.028)
Primary composite outcome: i in discriminating primary composite outcome at 3 years
doubling of serum creatinine, 1 —  ET

dialysis, transplantation 3-year kidney survival was lower in patients with TCS 2 4 (72.4%)
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INTRODUCTION microenvironments [1]. The hallmark histologic finding of C3G is

an isolated or dominant C3 deposition, and the disease includes
two major subtypes: C3 glomerulonephritis (C3GN) and dense
deposit disease (DDD) [1].

C3 glomerulopathy (C3G) is a rare kidney disease with an inci-
dence of 1-3 per million, and associated with alternative com-
plement pathway dysregulation in both plasma and glomerular
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KEY LEARNING POINTS

What was known:

had the utmost significance.
This study adds:

disease or death.

survival was lower in patients with higher TCS levels.

Potential impact:

e 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.

e Only one additional cohort examined and validated the usefulness of this tool, further demonstrating that chronicity score

e 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

e TCS showed a good area under the curve value in discriminating primary composite outcome at 3 years, and 3-year kidney

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

e Three-year prognostic value of the TCS in Turkish population has been validated in this multicenter study.
e TCS of C3G-HI can be used to identify the patients who have high risk of disease progression.

Despite the recent advances in delineating the underlying ge-
netic and pathologic mechanisms, treatment options are very
few: mycophenolic acid derivatives in combination with gluco-
corticoids and eculizumab [2, 3]. Their success has been limited
in various series, and the data on these treatment options have
been mainly observational, lacking randomized controlled trials
[3]. Even though the efficacy of mycophenolic acid-based regi-
mens was suggested by two independent cohorts [4, 5], it was
not supported by the data from different countries throughout
the Europe [6, 7]. Also, eculizumab was not found to be benefi-
cial in patients with a quiescent progressive course instead of a
crescentic rapidly progressive disease [8]. As expected, outcomes
have been quite dismal in C3G: progression to kidney failure in
5 years has been found in up to half of patients [9]. Thus, it still
remains crucial to select the patients who might really benefit
from immunosuppressive therapies.

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

MATERIALS AND METHODS
Patient selection

For the purposes of this nationwide retrospective multicenter
study, data were obtained from the registry of the Glomerular
Diseases Working Group of the Turkish Society of Nephrology

(TSN-GOLD) [12]. Ninety-nine adult patients with biopsy-proven
C3G were identified, and 74 patients from 20 centers who were
diagnosed between 2000 and 2021 and had follow-up data on
treatment strategies, serum creatinine, serum albumin and pro-
teinuria were included. Individuals with C3G associated with
systemic autoimmune diseases, monoclonal disorders or viral
infections were excluded from the analyses.

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

Histopathological evaluation and calculation of total
chronicity score

A nephropathologist at every center evaluated individual kid-
ney biopsies. In general, adequate kidney biopsy specimens
having at least eight glomeruli were assessed by using light
and immunofluorescence microscopy. All histochemical and im-
munofluorescence stains were prepared by using 3-4 pm sec-
tions. About 0.4-0.6 cm unfixed tissue was frozen with liquid
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nitrogen for immunofluorescence staining of immunoglobulin
G (IgG), IgM, IgA, Clq, C3, Kappa, Lambda and fibrinogen. Im-
munofluorescence staining was graded with a semiquantita-
tive scale from 0 to 3 (0, negative; 1, weak; 2, moderate; and
3, strong staining). Remaining tissues were fixed in formalin
fixative, embedded in paraffin, and processed routinely for light
microscopic evaluation (hematoxylin and eosin, periodic acid-
Schiff, methenamine silver-periodic acid, Masson trichrome and
Congo red) [16]. C3G diagnosis was made according to the stan-
dard criteria, which include a dominant C3 of two or more orders
of magnitude more than other immune reactants [17]. Histologi-
cal data were mainly extracted from the already available biopsy
reports. Biopsy reports that belonged to the time before C3G def-
inition were examined by a nephrologist at every center to see
whether they met the diagnostic criteria of C3G. If needed, a
nephropathologist consultation was made on a case-by-case ba-
sis. Finally, the first author (S.M.) examined all histopathological
data from the registry and confirmed the diagnoses. IF and tubu-
lar atrophy (TA) were graded using a semiquantitative scale from
0 to 3: 0, normal; 1 (mild), <25% of interstitium; 2 (moderate),
25%-50%; and 3 (severe), >50% [16]. Endocapillary proliferation
was described as an increase in number of cells within glomeru-
lar capillary lumina, causing luminal narrowing or obliteration,
and the presence of edema and infiltration of mononuclear cells
in nonfibrotic cortex was defined as interstitial inflammation [9].
Total chronicity score (TCS) out of 10 was calculated according to
percentages of glomerulosclerosis, IF, TA and presence of arterio-
and arteriolosclerosis [9]. In order to calculate the TCS, another
semiquantitative scale from 0 to 3 was applied for percentages of
glomerulosclerosis, IF and TA, whereas presence of arterio- and
arteriolosclerosis was assessed as 0 or 1 [9]. Total activity scores
could not be computed since reevaluation of all biopsy samples
were not performed.

Study outcomes

Primary composite outcome was defined as doubling of serum
creatinine from baseline, undergoing dialysis or transplanta-
tion, development of stage 5 CKD (eGFR <15 mL/min/1.73 m?)
or death. Secondary outcome was complete or partial remission
(CR or PR). CR was determined to be achieved when proteinuria
decreased to <0.3 g/24 h with normal serum albumin and crea-
tinine concentrations, while PR was considered as a proteinuria
reduction of >50% (and a proteinuria value of <3 g/24 h in pa-
tients with nephrotic syndrome or nephrotic-range proteinuria
at baseline) and stabilization or improvement in kidney function
[3]- Associations of clinical, laboratory and histopathological fea-
tures with primary composite outcome were also evaluated.

Statistical analyses

Results were expressed as mean + standard deviation when nor-
mally distributed or as median [interquartile range (IQR)] other-
wise. Comparisons of continuous variables between the groups
were evaluated with t-tests or the Mann-Whitney U test where
appropriate. Differences in the proportions of the groups were
compared using the chi-squared or Fisher’s exact test. Rela-
tionships were determined by Pearson correlation coefficient or
Spearman’s rho. Variables found a promising effect on the pri-
mary composite outcome in univariate analyses (a P-value of
<.10 for each variable) were included in the multivariate Cox
proportional hazards model. Age, sex and variables which are
already known to affect the outcomes were added to the mod-
els, as well. Results of the regression models were demonstrated

as hazard ratios (HRs) and 95% confidence intervals (CIs). Re-
ceiver operating characteristic (ROC) curve was used and area
under the curve (AUC) value was calculated to assess the perfor-
mance of the TCS in discriminating primary composite outcome.
Periods of primary outcome-free kidney survival were analyzed
using Kaplan-Meier curves by using log-rank test, and this pe-
riod for each patient was computed from baseline evaluation
to the last follow-up, primary composite outcome or a specific
timepoint. Statistical analyses were performed with SPSS for
Windows (SPSS version 25.0, IBM Corp., Armonk, NY, USA), and
graphics were generated using MedCalc for Windows (MedCalc
version 19.0, MedCalc Software, Ostend, Belgium). All analyses
were two-sided and a P-value of <.05 was considered as statisti-
cally significant.

Ethical issues

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

RESULTS
Baseline features

Median age was 34 (IQR 24-46) years, and 39 patients (52.7%)
were male. Thirty-six (48.6%) were hypertensive at the time of di-
agnosis. Approximately one-third of the whole cohort (26, 35.1%)
presented with mixed nephrotic and nephritic features, while 22
(29.7%) had nephrotic syndrome or nephrotic-range proteinuria,
13 (17.6%) nephritic syndrome and 13 (17.6%) had proteinuria
(with or without hematuria) with stable eGFR. Median serum
creatinine 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 m?, respectively. Median serum al-
bumin 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-
turia. Mean hemoglobin level was 11.8 + 2.5 g/dL, and eGFR and
hemoglobin were moderately correlated (r = 0.541, P < .001).
Demographic, clinical and histopathological characteristics of
all patients are shown in Table 1.

The median number of glomeruli was 18 (14-31.3). Twenty-
one (28.4%) biopsies were performed before the establishment
of the diagnostic criteria of C3G in 2013, so these reports were re-
examined by a nephrologist at every center and a nephropathol-
ogist consultation was made if needed. Median percentage of
sclerotic glomeruli was 10.4 (IQR 1.5-30.3). Grade 0, 1, 2 and 3
IF were seen in 31 (41.9%), 28 (37.8%), 13 (17.6%) and 2 (2.7%)
patients, 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,
as well. Arterio- and arteriosclerosis was noticed in 28 (37.8%)
patients, and median TCS was calculated as 3 (IQR 1-5). Twenty
(27%) individuals had crescents. In these 20 patients, median
percentage of glomeruli with crescents was 10 (IQR 5.6-21.8). Six-
teen patients had cellular and/or fibrocellular crescents and 5
had fibrous crescents. No patients had lesions suggesting con-
comitant thrombotic microangiopathy in the diagnostic biopsy.

Follow-up and study outcomes

Median follow-up duration of the whole cohort was 36 (IQR 12-
60) months. Fifty-five patients (74.3%) were treated with some
form 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, 13 (17.6)
with stable eGFR

Nephrotic syndrome or nephrotic-range 22 (29.7)
proteinuria

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 m?), 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, 1 (%) 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.

25 (33.8%) mycophenolic acid derivatives, 11 (14.9%) cyclophos-
phamide, 5 (6.8%) eculizumab and 2 (2.7%) rituximab (Table 2).
Overall, 19 patients (25.7%) experienced primary composite
outcome over a median of 24 (IQR 6-51) months. Twelve (16.2%)
underwent kidney replacement therapies, four (5.4%) experi-
enced doubling of serum creatinine and one (1.4%) reached stage
5 CKD. Three (4.1%) patients died due to infections (n = 2) and un-
known causes (n = 1), including a patient who died shortly after
becoming dialysis dependent. At their last follow-up, 31 patients
(41.9%) were in some form of remission (14 CR and 17 PR). Median
serum creatinine and eGFR levels reached 1.1 (IQR 0.6-1.8) mg/dL
and 67.7 (IQR 40.9-111.9) mL/min/1.73 m?, respectively. Also,
median serum albumin and proteinuria were 4.1 (IQR 3.4-4.4)
g/dL and 1021 (IQR 387.5-3101.5) mg/day, respectively.
Univariate analyses of all patients revealed that presence of
cellular and/or fibrocellular crescents (HR 2.95, 95% CI 1.19-7.32,
P = .020), grade 2-3 TA (HR 2.77,95% CI 1.03-7.42, P = .043), sys-
tolic BP (HR 1.02, 95% CI 1.01-1.03, P = .003) and diastolic BP (HR
1.07,95% CI 1.02-1.11, P = .002), eGFR (HR 0.99, 95% CI 0.97-0.997,
P =.011), serum albumin (HR 0.46, 95% CI 0.26-0.81, P = .008) and
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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 32 (4.1)
Secondary outcome (remission) 31 (41.9)
CR 14 (18.9)
PR 17 (23)

20ne patient died shortly after becoming dialysis-dependent.

hemoglobin (HR 0.64, 95% CI 0.50-0.82, P < .001) at the time of di-
agnosis predicted the primary composite outcome (Table 3). As
TCS and TA have overlapping components, two models were cre-
ated during multivariate Cox regression. Both models included
male sex, age at diagnosis, presence of cellular and/or fibro-
cellular crescents, systolic and diastolic BP, eGFR, serum albu-
min, hemoglobin, proteinuria and use of immunosuppression
as variables. In addition, grade 2-3 TA was included in Model 1,
and TCS in Model 2. The second model demonstrated that only
hemoglobin [adjusted HR (aHR) 0.67, 95% CI 0.46-0.97, P = .035]
predicted the primary composite outcome. Even though they fell
short of the statistical significance, a trend was observed for
serum albumin (aHR 0.45, 95% CI 0.20-1.004, P = .051), systolic
BP (aHR 1.03, 95% CI 0.999-1.06, P = .06) and TCS (aHR 1.26, 95%
CI0.97-1.64, P = .08) (Table 4).

Since the median follow-up period was 36 months, survival
analyses for primary composite outcome at this time were con-
ducted. A ROC analysis demonstrated that TCS showed an AUC
value of 0.68 (95% CI 0.56-0.78, P = .028) in discriminating pri-
mary composite outcome at 3 years (Fig. 1). A cut-off value of >4
had 66.7% sensitivity and 66.1% specificity. In addition, Kaplan—
Meier analysis revealed 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) (Fig. 2).

Twenty-nine patients (39.2%) had a TCS of >4. When com-
pared with patients with TCS <4, these patients tended to
present with mixed nephrotic and nephritic features (P = .041).
Their median serum creatinine [1.6 (IQR 0.95-2.65) vs 1.1 (IQR
0.65-1.9) mg/dL, P = .031] and proteinuria [S000 (IQR 3779-6455)
vs 2800 (IQR 1167-6750) mg/day, P = .028] levels were higher.
Treatment modalities did not differ between these patients, and
the study outcomes were generally same. Notably, patients with
TCS >4 had a higher death rate (10.3% vs 0%, P = .028) (Table 5).

DISCUSSION

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

Number (%) of patients with

Univariate analysis

Variables 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? 74 (100) 1.02 (1.01-1.03) .003
Diastolic BP? 74 (100) 1.07 (1.02-1.11) .002
eGFR? 74 (100) 0.99 (0.97-0.997) .011
Serum albumin® 72 (97.3) 0.46 (0.26-0.81) .008
Hemoglobin? 71 (95.9) 0.64 (0.50-0.82) <.001
Proteinuria® 74 (100) 1.00 (1.00-1.00) 32
Proteinuria® (log®) 74 (100) 1.13 (0.45-2.87) .80
Proteinuria >3000 mg/day? 74 (100) 1.84 (0.66-5.14) 24
Hematuria® 74 (100) 1.47 (0.48-4.47) .50
Low serum C3? 71 (95.9) 1.27 (0.50-3.23) 61
Low serum C4? 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

@At the time of diagnosis.
YA logy transformation was used.
Statistically significant results were shown in bold values.

are still scarce. It is of utmost importance to delineate the prog-
nostic factors of the patients in order to not only envision the
disease course but also choose the patients who will likely ben-
efit from immunosuppressive agents. As a result of this search
for C3G, Bomback et al. developed the C3G-HI for prognostic
purposes in 2018 [9]. In this study, we found that TCS of this
histologic index >4 was able to discriminate a worse prognosis
at 3 years. Also, we demonstrated that hemoglobin level at the
time of diagnosis could predict the outcomes, and none of the
immunosuppressive agents was associated with better results.

Over the last decade, cohorts from various countries have
identified different prognostic factors for C3G: age, eGFR, pro-
teinuria level, presentation with nephrotic syndrome, disease
subtype (DDD), crescents, percentage of sclerotic glomeruli,
degree of IF and TA, presence of certain genetic variations
and autoantibodies for complement proteins, and treatment
with immunosuppressives [2, 6, 7, 9-11]. Notably, traditional
histopathologic features reflecting chronicity were generally
among the predictors in most of these studies [2, 6, 9, 11]. TCS
appeared to be a better predictor than the total activity score in
the original study [9], and a validation cohort showed that only
TCS was able to discriminate the patients with worse outcomes
[2]. Similar findings have been reported in other glomerular dis-
eases like lupus nephritis and IgA nephropathy (IgAN) [18-20].
For instance, T2 score, which is the presence of IF and/or TA in

over 50% of the cortical area, has been noted as the strongest
predictor of the Oxford Classification for IgAN [19]. In this study,
we validated prognostic use of the TCS at 3 years in our popula-
tion. Although it was successful at the 3-year timepoint, it could
not differentiate the primary composite outcome throughout
the whole follow-up as the analysis may have been hindered
by lack of long-term data of many patients. There was a certain
trend in the regression model, so limited number of patients
compared with previous studies might have played a role in
the lack of statistical significance, as well [2, 9]. Also, we did not
report the results of the total activity score since this could only
have been done by reevaluation of all biopsy samples, which
could not be performed within the scope of a registry study.

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

Serum albumin and systolic BP seemed to have some value
in 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° Multivariate analysis Model 2°

Variables HR (95% CI) P HR (95% ClI) 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? 1.03 (0.996-1.06) 0.10 1.03 (0.999-1.06) 0.06
Diastolic BP? 0.997 (0.92-1.08) 0.94 0.998 (0.93-1.07) 0.95
eGFR? 0.995 (0.98-1.01) 0.52 1.00 (0.99-1.02) 0.93
Serum albumin? 0.54 (0.27-1.08) 0.08 0.45 (0.20-1.004) 0.051
Hemoglobin? 0.74 (0.53-1.04) 0.09 0.68 (0.46-0.97) 0.035
Proteinuria?® 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

2At the time of diagnosis.
bBoth 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.
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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.

Serum albumin has the potential to reflect the time-averaged
proteinuria, which is known to account for the prognostic
effects of proteinuria over time in studies of glomerulonephritis
[26, 27]. Also, serum albumin might reveal the inflammatory
status of a patient [27]. These two features might explain why
serum albumin was found to have some form of prognostic

value in our study while proteinuria at diagnosis was not. Since
hypertension is a known risk factor of CKD progression [28], our
findings with regard to systolic BP were very much expected.
Unfortunately, we did not have longitudinal data on BP, thus
we were not able to analyze the effects of the longitudinal BP
trajectory 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).

A quarter of our patients reached the primary composite out-
come, and 40% were in some form of remission at the end of
follow-up. Our remission rates were generally in line with the
previous reports [9], but kidney failure was reported to be as
high as 40% in contemporary papers of C3G [2, 9]. This differ-
ence could be partly related to the limited median duration of
follow-up in our study. Still, another cohort from our population
demonstrated similar results, so this difference may have par-
tially originated from genetic and environmental backgrounds
[6]. Also, various immunosuppressive treatment approaches did
not seem to show efficacy in our study. Glucocorticoids and my-
cophenolic acid derivatives were used in 74% and 33% of the pa-
tients, respectively; however, eculizumab was given to only five
patients. Immunosuppressive use was numerically higher in pa-
tients with TCS >4 (82.8% vs 68.9%), which may have played a
role in the lack of response. Moreover, Caliskan et al. analyzed 66
patients with C3G according to treatment strategies, and found
no differences in outcomes between two immunosuppressive
regimens and conservative care [6]. Inherent features of our pop-
ulation might have interfered with the response rates, as well.

Our study suffered from several limitations. First, this is a
retrospective observational study, thus a cause-effect relation-
ship cannot be established. Second, we could not perform a cen-
tralized pathology review for biopsy samples. TCS was calcu-
lated by using already available biopsy data, and total activity
scores could not be computed. Third, we did not provide infor-
mation on antibodies for complement proteins or genetic analy-
sis, since most of our patients lacked results of these tests, which
are not easy to perform in resource-limited settings. Fourth, di-
chotomization of C3G into C3GN and DDD subtypes was not re-
ported to the registry in most of the patients, and therefore was
not included in the analyses. Fifth, duration of follow-up was
limited. Sixth, we did not have longitudinal data on BP. Finally,

even though we performed adjusted analyses, prognostic role
of possible unmeasured confounders cannot be overlooked. On
the other hand, our study has some strengths. To the best of our
knowledge, this is the second report on external validation of
C3G-HI. Also, we provided the largest multicenter cohort of C3G
from our country.

In conclusion, we demonstrated that low hemoglobin levels
predicted dismal outcomes in patients with C3G. TCS >4 was
associated with a worse 3-year kidney survival, which validated
the prognostic value of the TCS of C3G-HI at 3 years in our pop-
ulation. Further studies are awaited to evaluate the C3G-HI in
different 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 m?), median (IQR) 83.5 (42.9-121.1) 50.2 (25.6-103.7) .06
Serum albumin (g/dL), mean + SD 3.3+09 32+08 .62
Hemoglobin (g/dL), mean + SD 11.8 + 2.5 11.9+27 .97
Proteinuria (mg/day), median (IQR) 2800 (1167-6750) 5000 (3779-6455) .028
Hematuria, n (%) 12 (26.7) 9 (31) .68
Low C3, 1 (%) 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) 32 (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.
20ne patient died shortly after becoming dialysis-dependent.
Statistically significant results were shown in bold values.

Faculty of Medicine, Ayse Aysim Ozagari, MD from Hamidiye
Etfal Training and Research Hospital, Saba Kiremitci, MD from
Ankara University Faculty of Medicine, Handan Kaya, MD from
Marmara University Faculty of Medicine, Cigdem Ozdemir,
MD from Afyonkarahisar Health Sciences University Faculty

of Medicine, Funda Tasli, MD from Bozyaka Training and Re-
search Hospital, Arzu Saglam Ayhan, MD from Hacettepe Uni-
versity Faculty of Medicine, Yasemin Yuyucu Karabulut, MD from
Mersin University Faculty of Medicine, Neslihan Guney, MD from
Tepecik Training and Research Hospital, Ufuk Usta, MD from

20z 1SnBNy 61 U0 Josn AYsIoAun JEA welelwzeg Aq G9/Z€9//.L09BIS/8/L L /aIo1E/B0/Wwod dno olWepeoe)/:sd)y Woly papeojumoq



10 | S.Mirioglu et al.

Trakya University Faculty of Medicine, and Berna Aytac Vu-
ruskan, MD from Bursa Uludag University Faculty of Medicine.

FUNDING
No funding.

AUTHORS’ CONTRIBUTIONS

S.M. and S.O. designed the study. S.M. had full access to all of
the data and performed the analyses. All authors were involved
in drafting the article or revising it critically for important intel-
lectual content, and all authors approved the final version to be
submitted.

DATA AVAILABILITY STATEMENT

Deidentified data are available upon reasonable request from the
corresponding authors.

CONFLICT OF INTEREST STATEMENT

The authors have no conflicts of interest. Outside the submit-
ted work, S.M. received support for attending meetings and
travel from Amgen and Sanofi Genzyme. N.E. received consult-
ing fees from Sanofi and Takeda, payment or honoraria for lec-
tures, presentations, speaker’s bureaus, manuscript writing or
educational events from Sanofi, Takeda and AstraZeneca, sup-
port for attending meetings and travel from Sanofi, Takeda and
AstraZeneca, and participated on a data safety monitoring board
or advisory board of Takeda. K.T. received payment or honoraria
for lectures, presentations, speaker’s bureaus, manuscript writ-
ing or educational events from Takeda and Sanofi Genzyme. The
remaining authors have no disclosures. The results presented in
this paper have not been published previously in whole or part,
except in abstract format.

REFERENCES

1. Smith RJH, Appel GB, Blom AM. et al. C3 glomerulopathy—
understanding a rare complement-driven renal disease.
Nat Rev Nephrol 2019;15:129-43. https://doi.org/10.1038/
s41581-018-0107-2

2. Caravaca-Fontan F, Trujillo H, Alonso M. et al. Validation of a
histologic scoring index for C3 glomerulopathy. Am J Kidney
Dis 2021;77:684-95. e681. https://doi.org/10.1053/j.ajkd.2020.
11.011

3. KDIGO 2021 Clinical Practice Guideline for the Management
of Glomerular Diseases. Kidney Int 2021;100:51-276.

4. Rabasco C, Cavero T, Roman E. et al. Effectiveness of my-
cophenolate mofetil in C3 glomerulonephritis. Kidney Int
2015;88:1153-60. https://doi.org/10.1038/ki.2015.227

5. Avasare RS, Canetta PA, Bomback AS. et al. Mycopheno-
late mofetil in combination with steroids for treatment
of C3 glomerulopathy: a case series. Clin ] Am Soc Nephrol
2018;13:406-13. https://doi.org/10.2215/CJN.09080817

6. Caliskan Y, Torun ES, Tiryaki TO. et al. Immunosuppres-
sive treatment in C3 glomerulopathy: is it really effec-
tive? Am ] Nephrol 2017;46:96-107. https://doi.org/10.1159/
000479012

7. Medjeral-Thomas NR, O’'Shaughnessy MM, O’Regan JA. et al.
C3 glomerulopathy: clinicopathologic features and pre-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

dictors of outcome. Clin ] Am Soc Nephrol 2014;9:46-53.
https://doi.org/10.2215/CJN.04700513

Le Quintrec M, Lapeyraque AL, Lionet A et al. Patterns of clin-
ical response to eculizumab in patients with C3 glomeru-
lopathy. Am ] Kidney Dis 2018;72:84-92. https://doi.org/10.
1053/j.ajkd.2017.11.019

Bomback AS, Santoriello D, Avasare RS. et al. C3 glomeru-
lonephritis and dense deposit disease share a similar dis-
ease course in a large United States cohort of patients with
C3 glomerulopathy. Kidney Int 2018;93:977-85. https://doi.
org/10.1016/j.kint.2017.10.022

Servais A, Noél LH, Roumenina LT. et al. Acquired and ge-
netic complement abnormalities play a critical role in dense
deposit disease and other C3 glomerulopathies. Kidney Int
2012;82:454-64. https://doi.org/10.1038/ki.2012.63
Iatropoulos P, Noris M, Mele C. et al. Complement gene
variants determine the risk of immunoglobulin-associated
MPGN and C3 glomerulopathy and predict long-term re-
nal outcome. Mol Immunol 2016;71:131-42. https://doi.org/10.
1016/j.molimm.2016.01.010

Yildiz A, Ulu S, Oruc A. et al. Clinical and pathologic features
of primary membranous nephropathy in Turkey: a multi-
center study by the Turkish Society of Nephrology Glomeru-
lar Diseases Working Group. Ren Fail 2022;44:1048-59.
https://doi.org/10.1080/0886022X.2022.2079526

Levey AS, Stevens LA, Schmid CH. et al. A new equation
to estimate glomerular filtration rate. Ann Intern Med
2009;150:604-12. https://doi.org/10.7326/0003-4819-150-
9-200905050-00006

KDIGO CKD Work Group. KDIGO 2012. Clinical Practice
Guideline for the Evaluation and Management of Chronic
Kidney Disease. Kidney Int Suppl 2013;3:1-150.

KDIGO Glomerulonephritis Working Group. KDIGO Clini-
cal Practice Guideline for Glomerulonephritis. Kidney Int
2012;2:139-274.

Mirioglu S, Caliskan Y, Ozluk Y. et al. Co-deposition of
IgM and C3 may indicate unfavorable renal outcomes in
adult patients with primary focal segmental glomeruloscle-
rosis. Kidney Blood Press Res 2019;44:961-72. https://doi.org/
10.1159/000501827

Pickering MC, D’Agati VD, Nester CM. et al. C3 glomeru-
lopathy: consensus report. Kidney Int 2013;84:1079-89.
https://doi.org/10.1038/ki.2013.377

Rijnink EC, Teng YKO, Wilhelmus S. et al. Clinical and
histopathologic characteristics associated with renal out-
comes in lupus nephritis. Clin ] Am Soc Nephrol 2017;12:
734-43. https://doi.org/10.2215/CJN.10601016

Coppo R, Troyanov S, Bellur S. et al. Validation of the Ox-
ford classification of IgA nephropathy in cohorts with differ-
ent presentations and treatments. Kidney Int 2014;86:828-36.
https://doi.org/10.1038/ki.2014.63

Srivastava A, Palsson R, Kaze AD. et al. The prognostic value
of histopathologic lesions in native kidney biopsy speci-
mens: results from the Boston kidney biopsy cohort study.
J Am Soc Nephrol 2018;29:2213-24. https://doi.org/10.1681/
ASN.2017121260

Nangaku M. Chronic hypoxia and tubulointerstitial in-
jury: a final common pathway to end-stage renal failure.
J Am Soc Nephrol 2006;17:17-25. https://doi.org/10.1681/ASN.
2005070757

Portolés ], Gorriz JL, Rubio E. et al. The development of ane-
mia is associated to poor prognosis in NKF/KDOQI stage 3
chronic kidney disease. BMC Nephrol 2013;14:2. https://doi.
0rg/10.1186/1471-2369-14-2

20z 1SnBNy 61 U0 Josn AYsIoAun JEA welelwzeg Aq G9/Z€9//.L09BIS/8/L L /aIo1E/B0/Wwod dno olWepeoe)/:sd)y Woly papeojumoq


https://doi.org/10.1038/s41581-018-0107-2
https://doi.org/10.1053/j.ajkd.2020.11.011
https://doi.org/10.1038/ki.2015.227
https://doi.org/10.2215/CJN.09080817
https://doi.org/10.1159/000479012
https://doi.org/10.2215/CJN.04700513
https://doi.org/10.1053/j.ajkd.2017.11.019
https://doi.org/10.1016/j.kint.2017.10.022
https://doi.org/10.1038/ki.2012.63
https://doi.org/10.1016/j.molimm.2016.01.010
https://doi.org/10.1080/0886022X.2022.2079526
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1159/000501827
https://doi.org/10.1038/ki.2013.377
https://doi.org/10.2215/CJN.10601016
https://doi.org/10.1038/ki.2014.63
https://doi.org/10.1681/ASN.2017121260
https://doi.org/10.1681/ASN.2005070757
https://doi.org/10.1186/1471-2369-14-2

23.

24.

25.

26.

Wang Y, Wei RB, Su TY. et al. Clinical and patho-
logical factors of renal anaemia in patients with IgA
nephropathy in Chinese adults: a cross-sectional study.
BMJ Open 2019;9:e023479. https://doi.org/10.1136/bmjopen-
2018-023479

Zhu B, Liu WH, Yu DR. et al. The association of low
hemoglobin levels with IgA nephropathy progression: a two-
center cohort study of 1,828 cases. Am ] Nephrol 2020;51:
624-34. https://doi.org/10.1159/000508770

Oh TR, Song SH, Choi HS. et al. the association be-
tween serum hemoglobin and renal prognosis of IgA
nephropathy. J Clin Med 2021;10:363. https://doi.org/10.3390/
jcm10020363

Barbour SJ, Cattran DC, Espino-Hernandez G. et al. Iden-
tifying the ideal metric of proteinuria as a predictor of

Histologic chronicity score for C3 glomerulopathy | 11

27.

28.

29.

renal outcome in idiopathic glomerulonephritis. Kidney Int
2015;88:1392-401. https://doi.org/10.1038/ki.2015.241
Mirioglu S, Caliskan Y, Goksoy Y. et al. Recurrent and de novo
glomerulonephritis following renal transplantation: higher
rates of rejection and lower graft survival. Int Urol Nephrol
2017;49:2265-72. https://doi.org/10.1007/s11255-017-1719-3
Tozawa M, Iseki K, Iseki C. et al. Blood pressure predicts risk
of developing end-stage renal disease in men and women.
Hypertension 2003;41:1341-5. https://doi.org/10.1161/01.HYP.
0000069699.92349.8C

Joo YS, Kim HW, Nam KH. et al. Association between lon-
gitudinal blood pressure trajectory and the progression
of chronic kidney disease: results from the KNOW-CKD.
Hypertension ~ 2021;78:1355-64.  https://doi.org/10.1161/
HYPERTENSIONAHA.121.17542

Received: 14.10.2023; Editorial decision: 26.2.2024

© The Author(s) 2024. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction
in any medium, provided the original work is properly cited.

20z 1SnBNy 61 U0 Josn AYsIoAun JEA welelwzeg Aq G9/Z€9//.L09BIS/8/L L /aIo1E/B0/Wwod dno olWepeoe)/:sd)y Woly papeojumoq


https://doi.org/10.1136/bmjopen-2018-023479
https://doi.org/10.1159/000508770
https://doi.org/10.3390/jcm10020363
https://doi.org/10.1038/ki.2015.241
https://doi.org/10.1007/s11255-017-1719-3
https://doi.org/10.1161/01.HYP.0000069699.92349.8C
https://doi.org/10.1161/HYPERTENSIONAHA.121.17542
https://creativecommons.org/licenses/by/4.0/

	INTRODUCTION
	MATERIALS AND METHODS
	Patient selection
	Histopathological evaluation and calculation of total chronicity score
	Study outcomes
	Statistical analyses
	Ethical issues
	RESULTS
	Baseline features
	Follow-up and study outcomes
	DISCUSSION
	ACKNOWLEDGEMENTS
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

