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Abstract
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updates Background

Whether differences in outcome between primary (pIgAN) and secondary IgA nephropathy
(slgAN) exist is uncertain.
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Conclusions

The differences in MESTC score and outcome between plgAN and sIgAN seems to be mini-
mal, suggesting that “associated” describes better than “secondary” the relationship among
the two. Immunosuppression did not to influence outcome of sIgAN.

Introduction

Immunoglobulin A nephropathy (IgAN) is the commonest glomerulonephritis diagnosed by
kidney biopsy globally (Europe 23%; Asia 39%) and an important cause of end-stage renal dis-
ease (ESRD)[1,2]. IgAN is an autoimmune disorder with renal-limited or systemic manifesta-
tions (IgA vasculitis or Henoch-Schonlein purpura), determined by a chain of pathogenic
events that translates the production of autoantibodies against circulating galactose-deficient
IgA1l into subsequent glomerular and tubulointerstitial injury(3,4].

However, IgAN was histopathologically diagnosed with variable frequency in association
with several conditions[5-16]. In some of these conditions, IgAN may be pathogenetically
related to the underlying condition (cirrhosis, HBV infection, inflammatory bowel disease,
spondylarthritis, Hashimoto’s thyroiditis, psoriasis), while in others the association may be
coincidental (non-Hodgkin and Hodgkin lymphoma)[6,8, 9, 12]. As whether these associa-
tions are due to a common pathogenesis or are simply coincidental is largely unknown[8],
IgAN diagnosed by biopsy in patients with another condition is labeled either as “secondary”,
when a common pathogenesis is presumed, or as “associated”, when a coincidental occurrence
is presumed. In this paper we will use the term “secondary IgAN (sIgAN)” in both situations.

Information on the clinical phenotype, morphologic lesions, outcome and treatment
response of sSIgAN is scarce and come from small cohorts or series of cases, few of them includ-
ing comparisons with primary IgAN (pIgAN)[5-16]. Accordingly, to date there are no features
to accurately discriminate primary from secondary IgAN.

The Oxford Classification of IgAN has been shown to be related to renal outcome in
patients with primary IgAN[17,18]. However, the patients with sSIgAN have been excluded
from validation studies and whether this classification can be applied to this subset of patients
is currently unknown.

Moreover, the prognosis of patients with primary IgAN is extremely variable and the risk of
progression may be influenced by regional environmental factors, differences in racial composi-
tion and genetic susceptibility[19]. The 10-year renal survival rate is reported to be between
60% and 90%, while up to 50% may reach end-stage renal disease (ESRD) within 20 years of
diagnosis[20,21]. However, if secondary IgAN has a different outcome from primary IgAN has
not been systematically addressed. The secondary IgAN is extremely heterogenous and the
prognosis of patients with secondary IgAN may be influenced by the underlying condition and
their outcome may be difficult to be directly compared to that of patients with primary IgAN.

To overcome these limitations, we conducted a retrospective, observational study intending
to describe the clinical phenotype and the outcome in patients with secondary IgAN as com-
pared to primary IgAN, using propensity score matching to obtain samples with a similar risk
of progression.

Materials and methods
Patient selection

This is a retrospective, observational study addressing the outcome of patients with IgAN diag-
nosed in two tertiary centers.
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Fig 1. Patients’ flow chart and the formation of samples used for matching.

https://doi.org/10.1371/journal.pone.0221014.9001

All patients with histologically proved IgAN between 01.01.2010 and 12.31.2017 (n = 336)
were considered for inclusion. Those with ages under 18, those whose renal biopsy specimen
contained less than 8 scorable glomeruli, with insufficient clinical data or with a shorter than
12 months follow-up at 06.01.2018 were excluded from the analysis, leaving a final cohort of
306 patients (Fig 1).

The diagnosis of IgAN was based on light microscopy, immunofluorescence (dominant
IgA in the mesangium) and electron-microscopy (para-mesangial electron-dense deposits).
All kidney biopsies were reviewed and scored according to the 2016 revised Oxford Classifica-
tion[18] by two independent pathologists.

All patients underwent a systematic screening for disorders reported to be associated with
IgAN, and thereafter classified as having primary IgAN (n = 248) or secondary IgAN (n = 58)
(8,22].

The conditions associated with IgAN in this cohort were: liver diseases (alcoholic cirrhosis),
viral infections (hepatitis B virus and hepatitis C virus) and autoimmune disorders (psoriasis,
ankylosing spondylitis, rheumatoid arthritis, autoimmune thyroiditis). The patients with sec-
ondary IgAN were further grouped as liver-disease and autoimmune/viral secondary IgAN
(Fig 1, Table 1).

Clinical and histological parameters

The clinical variables obtained by reviewing the patient’s medical records at the time of kidney
biopsy were age, gender, Charlson comorbidity index[23], obesity (defined as a body mass
index over 30 kg/m?), diabetes mellitus and arterial hypertension (defined as blood pressure
over 140/90 mmHg or use of antihypertensive agents), therapy with renin-angiotensin-aldo-
sterone system inhibitors (RASI) and immunosuppressive medication (IS).

Laboratory data included serum creatinine, estimated glomerular filtration rate (eGFR, cal-
culated by CKD-EPI equation), serum albumin, proteinuria (g/g creatinine) and haematuria
(cells/mmc).
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Table 1. Conditions associated with IgA nephropathy in the study cohort (N = 306).

Category Group Associated disease
Primary IgAN n = 248 (80%) - - -
Secondary IgAN n = 58 (20%) Liver disease Alcoholic cirrhosis
n=18(6%) n=18(6%)
Autoimmune/Viral n = 40 (14%) Autoimmune disorders Ankylosing spondylitis n = 6 (2%)
n =17 (6%) Rheumatoid arthritis n = 3 (1%)

https://doi.org/10.1371/journal.pone.0221014.t001

Psoriasis n =7 (2%)
Thyroiditis 1 (1%)

Viral infection n = 23 (8%) Hepatitis B virus n = 17 (6%)
Hepatitis C virus n = 6 (2%)

Study endpoints

The primary study composite endpoint was defined as doubling of serum creatinine, ESRD
(dialysis or renal transplant) or death, whichever came first.

Statistical analysis

Continuous variables were expressed as either mean or median and 95% confidence interval
(95%CI) and categorical variables as percentages. Differences between groups were assessed in
case of continuous variables by Student ¢ test or by Mann-Whitney test, according to their dis-
tribution, and in case of categorical variables by Pearson  test.

The probability of event-free survival was assessed by Kaplan-Meyer method and the log-
rank test was used for comparisons.

Univariate and multivariate (Cox proportional hazard ratio) analyses were performed to
identify independent predictors of the endpoint. The results of Cox analyses are expressed as a
hazard ratio (HR) and 95% confidence interval (95% CI).

Given the retrospective nature of this study, patients with primary and secondary IgAN could
differ in baseline characteristics and comorbidities, which might confound the outcome. There-
fore, in the first step we compared clinical and pathological features, treatment and outcome of
pIgAN and sIgAN in the entire cohort. Thereafter, to obtain samples with similar risk of progres-
sion, we used a propensity score to match groups of secondary IgAN patients, i.e. liver disease and
autoimmune/viral, to patients with primary IgAN. The variables used to compute the propensity
score were age, gender, hypertension, eGFR, proteinuria, MESTC score and treatment. We
matched patients with the closest propensity score with a maximum difference of +0.5.

Finally, comparisons were made between patients with secondary IgAN, according to the
underlying condition, i.e. viral, autoimmune and liver disease.

In all analyses, p values are two-tailed and all p values less than 0.05 were considered statisti-
cally significant.

Statistical analyses were performed using the SPSS program (SPSS version 20, Chicago, IL)
and XLSTAT (Addinsoft 2019, XLSTAT statistical and data analysis solution. https://www.
xlstat.com. Boston, USA).

Ethics

The study was conducted with the provisions of the Declaration of Helsinki and the protocol
was approved by the local ethics committee (The Ethics Council of Fundeni Clinical Institute,
Registration number: 23250). The need for informed consent was waived due to exclusive use
of deidentified information and the retrospective nature of the study.
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Results
Study cohort

The study cohort included 306 patients (71% male). At the time of kidney biopsy, their age was
43 (95%CI, 42-45) years, eGFR was 42.0 (95%CI, 38.5-46.2) mL/min per 1.73m?, proteinuria
was 1.3 (95%CI, 1.2-1.5) g/g and 79% of patients had arterial hypertension. The median Charl-
son comorbidity index was 2.3 (95%, 2.1-2.5).

On histopathologic examination, mesangial hypercellularity was present in 93% of patients,

endocapillary hypercellularity in 26%, segmental glomerulosclerosis in 52%, tubular atrophy
and interstitial fibrosis >25% (T1+T2) in 33% and 22% showed crescents in at least one glo-
merulus. The median MESTC score was 2.5 (95%CI, 2.3-2.6) (Table 2).
More than two thirds received RASI, while half had received some form of immunosup-
pressive treatment during the observation period (42% only steroids, 46% steroids and cyclo-

phosphamide, and 12% steroids and other immunosuppressors).

Table 2. Baseline characteristics and outcome of the whole cohort.

All Primary IgAN Secondary IgAN P

(n =306) (n=248) (n=58)
Age (years) 43 (42, 45) 42 (40, 43) 55 (50, 58) <0.001
Male gender (%) 71 69 79 0.1
Charlson comorbidity index 2.3(2.1,2.5) 1.9 (1.7,2.2) 3.8(3.2,4.5) <0.001
Obesity (%) 28 29 26 0.6
Diabetes mellitus (%) 7 7 10 0.3
Hypertension (%) 79 82 71 0.06
Serum creatinine (mg/dL) 1.7 (1.6, 1.9) 1.7 (1.6, 1.9) 1.8 (1.4,2.4) 0.6
eGFR (mL/min/1.73m2) 42.0 (38.5,46.2) 42.8 (39.0, 47.0) 35.2(25.5,51.2) 0.3
Proteinuria (g/g creatinine) 1.3(1.2,1.5) 1.4(1.2,1.7) 1.0 (0.7, 1.4) 0.01
Haematuria (cells/mm3) 110 (80, 180) 84 (65, 146) 190 (100, 230) 0.01
Serum albumin (g/dL) 4.1(4.0,4.2) 4.1(4.0,4.2) 4.1(3.9,4.2) 0.1
Renal biopsy (%)
M1 93 94 91 0.5
E1 26 26 28 0.7
S1 52 53 47 0.3
T1/2 20/13 20/14 21/10 0.7
Cl1/2 14/7 14/8 17/3 0.4
MESTC score 2.5(2.3,2.6) 2.5(2.3,2.7) 2.3(1.9,2.7) 0.3
Treatment (%)
Immunosuppression therapy 52 54 41 0.08
RASI 71 75 57 <0.01
Outcome (%)
Double sCr 11 11 12 0.7
ESRD 15 16 12 0.4
Kidney end-point (double sCr or ESRD) 26 27 24 0.6
Death 6 3 19 <0.0001
Composite end-point (double sCr, ESRD, death) 32 30 43 0.09

Abbreviations: eGFR, estimated glomerular filtration rate; sCr, serum creatinine; [IJAN—IgA nephropathy; M1, mesangial hypercellularity; E1, endocapillary

hypercellularity; S1, segmental glomerulosclerosis; T1/2, tubular atrophy and interstitial fibrosis >25%; C1/2, crescents in at least one glomerulus; ESRD, end-stage renal

disease

https:/doi.org/10.1371/journal.pone.0221014.t002

PLOS ONE | https://doi.org/10.1371/journal.pone.0221014  August 9, 2019

5/12


https://doi.org/10.1371/journal.pone.0221014.t002
https://doi.org/10.1371/journal.pone.0221014

@ PLOS|ONE

Clinical outcome of secondary IgA nephropathy

Table 3. Prognostic factors in the whole cohort*.

Age (years)

Gender, male vs. female
Charlson comorbidity score
Hypertension (yes vs. no)
eGFR (mL/min/1.73m?)
Proteinuria (g/g creatinine)
Hematuria (cells/mm?)
MESTC score

IS (no vs. yes)

RASI (no vs. yes)

Primary vs. secondary IgAN

* Cox regression (composite end-point)

Univariate p
(HR, 95%CI)

Adjusted P
(HR, 95%CI)

1.01 (1.00, 1.03) 0.02 0.98 (0.95, 1.00) 0.08
0.67 (0.40, 1.13) 0.1 1.88 (1.06, 3.33) 0.03
1.24 (1.13, 1.35) <0.001 1.03 (0.88, 1.21) 0.6
0.57 (0.31, 1.06) 0.5 1.29 (0.63, 2.62) 0.4
0.95 (0.94, 0.96) <0.001 0.95 (0.94, 0.96) <0.001
1.13 (1.06, 1.22) <0.001 1.15 (1.05, 1.26) 0.001
1.07 (0.93, 1.22) 0.3 1.00 (0.87, 1.15) 0.9
1.41 (1.22, 1.63) <0.001 1.04 (0.87, 1.23) 0.6
1.00 (0.65, 1.53) 0.9 1.83 (1.14, 2.96) 0.01
2.60 (1.69, 3.99) <0.001 2.02 (1.24, 3.29) <0.01
0.62 (0.38,1.02) 0.06 0.80 (0.42, 1.52) 0.5

Abbreviations: eGFR—estimated glomerular filtration rate; IS—immunosuppression; [IgAN—IgA nephropathy; RASI—Renin angiotensin system inhibitors.

https://doi.org/10.1371/journal.pone.0221014.t003

The median follow-up was 32.2 (95%CI, 29.5-34.9) months. Of the entire cohort, 15%
developed ESRD, 11% experienced serum creatinine doubling and 6% died.

Primary versus secondary IgAN

Patients in the sIgAN category differed at diagnosis from those with pIgAN in almost all clini-
cal characteristics, with the notable exception of the eGFR which was similar. sSIgAN patients
were older, had higher Charlson index and less frequently hypertension. Moreover, they had
lower proteinuria but higher haematuria (Table 2). The distribution in MESTC classes was
alike in both categories. Patients with pIgAN were more often treated with RASI and experi-
enced a trend to increased usage of immunosuppressive therapy.

While the composite and kidney endpoints were reached in analogous proportions in both
categories, patients with secondary IgAN had a higher mortality rate (Table 2).

The mean event-free survival of the whole cohort was 5.7 (95%CI, 5.3-6.2) years. In univar-
iate analysis, pIgAN patients had a better mean event-free survival, 5.9 (95%CI 5.5-6.4) vs. 4.3
(95%CI 3.5-5.2) years (p = 0.05). The crude hazard ratio for the endpoint in primary versus
secondary IgAN was 0.62 (95%, CI 0.38-1.02; p = 0.06).

In the multivariate Cox proportional hazard ratio model, the independent predictors of a
poorer event-free survival were male gender, lower eGFR and higher proteinuria, while RASI
therapy or immunosuppression independently predicted a better outcome. IgAN category had
not a significant contribution in defining the outcome (Table 3).

Primary versus secondary IgAN in propensity matched samples

The differences in event-free survival between secondary IgAN groups (liver disease and auto-
immune/viral disease) and primary sIgAN were evaluated in “case-control” studies, using pro-
pensity score matching. The main prognostic factors were balanced in the matched samples
(S1 Table).

In univariate time-dependent analysis (Kaplan Meyer), the mean end-point free survival was
not different in liver disease from the primary IgAN group: 2.6 (95%CI 1.7; 3.6) vs. 5.0 (95%CI
3.5; 6.5) years (p = 0.1). The same was true in case of autoimmune/viral disease group: mean
end-point free survival 4.9 (95%CI 3.9; 5.9) versus 5.7 (95%CI 4.8; 6.6) years (p = 0.3) (Fig 2).
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Fig 2. Cumulative event-free survival (Kaplan-Meier analysis) in the matched samples. Left: Liver-disease
underlying IgAN vs. primary IgAN; Right: Autoimmune/viral-disease underlying IgAN vs. primary IgAN. IsAN—IgA
nephropathy.

https://doi.org/10.1371/journal.pone.0221014.9002

IgAN underlying group of disease

When analysing the outcome in secondary IgAN patients grouped according to underlying
disease (viral infections, liver disease, autoimmune disorders), in univariate time dependent
analyses, higher age, lower eGFR, higher proteinuria and MESTC score, as well as viral infec-
tion were associated with a poor event-free survival. However, in the Cox regression model,
the only negative prognostic factors were a lower eGFR and the group of disease underlying
IgAN, patients with viral infection having the shorter survival (Table 4, Fig 3).

We then looked at the influence of the immunosuppression on outcome in patients with
secondary IgAN. There were no differences at the time of IgAN diagnosis between the treat-
ment groups regarding the known risk factors for progression: age, hypertension, eGFR,
proteinuria or Oxford classification. Moreover, the event-free survival was similar (Fig 4,

S2 Table).

Discussion

In this report, the first to our knowledge to systematically evaluate the outcome between pri-
mary and secondary IgAN, there was no difference between primary and secondary IgAN, nei-
ther in the whole cohort nor in propensity score matched samples, although the clinical
presentation at diagnosis was different. Moreover, the distribution according to MESTC score

Table 4. Prognostic factors in groups of disease underlying secondary IgA nephropathy*.

Univariate p Adjusted Model# P
(HR, 95%CI) (HR, 95%CI)
Age (years) 1.07 (1.01, 1.14) 0.02 - -
Hypertension (yes vs. no) 5.33 (0.68, 41.50) 0.1 - -
¢GFR (mL/min/1.73m2) 0.94 (0.91, 0.98) 0.005 0.94 (0.89, 0.98) 0.007
Proteinuria (g/g creatinine) 1.34(0.98, 1.83) 0.06 1.32(0.97, 1.79) 0.06
MESTC score 1.55(1.09, 2.19) 0.01 - -
IS (no vs. yes) 1.45(0.43, 4.84) 0.5 - -
RASI (no vs. yes) 1.68 (0.53, 5.26) 0.3 - -
IgAN underlying disease associated condition (vs. Autoimmune) 0.09 0.03
« Liver disease 4.47 (0.49, 40.73) 0.1 2.33(0.25,21.63) 0.4
o Viral 9.36 (1.11, 78.53) 0.03 10.98 (1.12,107.41) 0.03

* Cox regression (composite end-point)
# Backward Wald final step

Abbreviations: eGFR—estimated glomerular filtration rate; [JAN—IgA nephropathy; IS—immunosuppression; RASI—renin angiotensin system inhibitors.

https://doi.org/10.1371/journal.pone.0221014.t1004
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was similar. However, when the outcome was evaluated only in the patients with secondary
IgAN, the patients with viral infection had the worst prognosis and immunosuppression did

not influence the outcome.

Within our cohort of 306 consecutive patients with IgAN diagnosed by kidney biopsy, 58
(20%) concurrently had a disorder reported to be associated with IgAN[8]. These patients had
mainly viral infections, liver disease or autoimmune disorders, which is in line with other

reports, except a lower frequency of hepatitis B virus infection (6 vs. 20-40%)[5,13,24] and the

Immunosuppression
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Fig 4. Cumulative composite event-free survial of the patients with secondary IgAN according to

immunossupresion (IS) (Kaplan Meier analysis).

https://doi.org/10.1371/journal.pone.0221014.9004
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absence of cases of chronic inflammatory bowel disease[14]. This is probably accounted for by
regional epidemiologic characteristics. Thus, this cohort could be considered representative
for secondary IgAN, as it covers the spectrum of diseases frequently reported to be associated
with IgAN, with the notable exception of the chronic bowel inflammatory disease.

Our entire cohort differed from previous reports: older age, lower eGFR, higher proportion
of high blood pressure[25]. The patients with secondary IgAN were older, had more comor-
bidities, lower proteinuria and higher haematuria but similar eGFR as those with primary
IgAN. Accordingly, this cohort seems to have more advanced IgAN, which should be consid-
ered when interpreting outcome. However, the higher haematuria noted in patients with
sIgAN might be attributed to the underlying disorders as patients with cirrhosis had more pro-
liferative lesions on kidney biopsy (E1 in 44% of cases vs. 21% in other causes of sSIgAN, S1
Table) and are more prone to a pro-hemorrhagic state (thrombocytopenia, clotting abnormali-
ties in the setting of hepatic insufficiency).

The MESTC score, an accepted prognostic tool in IgAN, was developed and validated in
patients with primary IgAN[18,25]. However, patients with secondary IgAN have been
excluded from validation studies and whether MESTC score can be routinely applied to
patients with secondary IgAN needs external validation in independent cohorts. Here, we
report the first time in patients with secondary IgAN the scoring of lesions according to
MESTC criteria[17]. Notably, there was no difference in MESTC score between primary and
secondary IgAN, although the distribution in MESTC classes differed from other cohorts: M1,
E1 and T1/2 were more frequent, while S1 and C were less frequent[18,25,26]. Hence, in this
cohort both kidney disease clinical phenotype and histopathological features of secondary
IgAN and primary IgAN are indistinctive. Although within the entire cohort we didn’t find
significant differences in terms of MESTC score distribution among patients with pIgAN and
sIgAN, when analyzing patients with sIgAN according to underlying comorbidity we noted
that those with alcoholic cirrhosis sSIgAN had more active and chronic lesions than those with
autoimmune/viral SIgAN (E1, 44% vs. 21%; S1, 67% vs. 36%, T1/2, 34% vs. 29%). These find-
ings might explain the underlying differences in outcome between patients with sIgAN.

In the whole cohort, the risk of reaching the composite end-point was not related to IgAN
category (secondary vs. primary) and the independent predictors of a better outcome were the
generally accepted ones—female gender, higher eGFR, lower proteinuria and therapy with
RASI or immunosuppression. Thus, the outcome of patients with secondary and primary
IgAN is similar. The MESTC score was not related to outcome in the fully adjusted model,
which further highlights the similarity between secondary and primary IgAN. However, mor-
tality was included in the composite end-point and the mortality rate was higher in secondary
IgAN, emphasizing the importance of underlying comorbidities. Therefore, baseline differ-
ences in comorbidities may confound the observed outcome. In addition, although mortality
was not included as a primary outcome in retrospective studies of pIgAN (including Oxford
Classification validation studies [25]), a recent report identified an increased mortality of
patients with IgAN when compared with matched controls and a 6-year life expectancy reduc-
tion[27]. Additionally, given our observation of the higher mortality rate in patients with
sIgAN and in order to increase the number of events, we added mortality to the primary com-
posite outcome. Moreover, in a recent report, Sevillano et al also included mortality in com-
posite primary endpoint in a study that addressed the outcome of older patients with IgAN
[28].

In order to balance the baseline characteristics, secondary IgAN patients were matched to
patients with primary IgAN in two models: hepatic cirrhosis and autoimmune/viral disorders.
A similar approach was undertaken by Oh et al[29] in a study that addressed the outcome of
patients with Henoch-Schonlein purpura by comparison to patients with pIgAN.In the
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matched samples, outcome of secondary and primary IgAN was analogous with the exception
of patients with cirrhosis that had a tendency towards a worse survival. However, in a further
analysis addressing only the secondary IgAN, patients within autoimmune group had the low-
est risk to reach the composite end-point, while those with viral infection, the highest. Hence,
the differences in outcome between secondary and primary IgAN in this cohort seems mini-
mal and restricted to the viral infection group.

It is debatable whether this difference in outcome requires a change in patient management.
It is generally agreed that the management of patients with secondary IgAN should be directed
towards the underlying disorders[8], but some patients also receive immunosuppressive agents
in addition to conservative treatment[13,15]. Whether some subsets of patients can benefit
from additional immunosuppression remains unknown. In our entire cohort, 52% had
received at various time points immunosuppressive therapy (54% and 41% of patients with
primary and secondary IgAN, respectively). In multivariate analysis, patients who received
RAS inhibitors or immunosuppression showed a better outcome. However, the statistical sig-
nificance was lost when restricting the analysis to secondary IgAN group. Although the small-
sized cohort prevents firm conclusions, immunosuppression may be considered in patients
with a rapidly progressive clinical course or extensive crescent formation on kidney biopsy.
Nevertheless, the decision on initiation of immunosuppression should be well balanced against
the important risk of side effects in these patients[15].

There are several limitations of this study. First, this is a retrospective study and the findings
may be influenced by other variables not considered. However, this is the first study attempt-
ing to adjust the baseline differences between patients with primary and secondary IgAN by
using propensity score matching. Second, the small number of patients with secondary IgAN
(and of events) may prevent strong conclusions, not entirely avoided by matching. Third, this
cohort has some characteristics which hamper the generalization of results: no patient with
secondary IgAN to chronic inflammatory bowel disease (a frequently reported association
with IgAN) was included, more advanced IgAN—suggested by lower eGFR, higher protein-
uria, distinct distribution of MEST lesions—and by the higher risk of progression as compared
with other reports despite of a shorter follow-up.

In conclusion, the differences in MESTC lesions and outcome between primary and sec-
ondary IgA nephropathy seems minimal and probably restricted to certain associated diseases,
suggesting that “associated” describes better than “secondary” the relationship among them.
Immunosuppression seems not effective in secondary IgAN.

Supporting information

S1 Table. Characteristics of the matched samples.
(DOCX)

$2 Table. Comparison between patients with secondary IgA according to immunosuppres-
sion therapy.
(DOCX)

Author Contributions

Conceptualization: Bogdan Obrisca, Gabriel Stefan, Gener Ismail, Simona Stancu, Bianca
Boitan, Oana Ion, Gabriel Mircescu.

Data curation: Bogdan Obrisca, Gabriel $tefan, Mihaela Gherghiceanu, Eugen Mandache,
Gener Ismail, Simona Stancu, Bianca Boitan, Oana Ion, Gabriel Mircescu.

PLOS ONE | https://doi.org/10.1371/journal.pone.0221014  August 9, 2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221014.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221014.s002
https://doi.org/10.1371/journal.pone.0221014

@ PLOS|ONE

Clinical outcome of secondary IgA nephropathy

Formal analysis: Bogdan Obrisca, Gabriel Stefan, Mihaela Gherghiceanu, Eugen Mandache,

Gener Ismail, Simona Stancu, Bianca Boitan, Oana Ion, Gabriel Mircescu.

Methodology: Gabriel Stefan, Mihaela Gherghiceanu, Eugen Mandache, Gener Ismail, Gabriel

Mircescu.

Supervision: Bogdan Obriscd, Gener Ismail, Simona Stancu, Gabriel Mircescu.

Writing - original draft: Bogdan Obrigca, Gabriel Stefan, Gener Ismail, Gabriel Mircescu.

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

McGrogan A, Franssen CFM, De Vries CS. The incidence of primary glomerulonephritis worldwide: A
systematic review of the literature. Nephrol Dial Transplant. 2011; 26(2):414-30. https://doi.org/10.
1093/ndt/gfq665 PMID: 21068142

O’Shaughnessy MM, Hogan SL, Thompson BD, Coppo R, Fogo AB, Jennette JC. Glomerular disease
frequencies by race, sex and region: Results from the International Kidney Biopsy Survey. Nephrol Dial
Transplant. 2018; 33(4):661-9. https://doi.org/10.1093/ndt/gfx189 PMID: 29106637

Suzuki H, Kiryluk K, Novak J, Moldoveanu Z, Herr AB, Renfrow MB, et al. The Pathophysiology of IgA
Nephropathy. J Am Soc Nephrol. 2011; 22(10):1795-803. https://doi.org/10.1681/ASN.2011050464
PMID: 21949093

Coppo R. Towards a personalized treatment for IgA nephropathy considering pathology and pathogen-
esis. Nephrol Dial Transplant. 2018;1-6. https://doi.org/10.1093/ndt/gfx330

Lai KN, Lai FMM, Tam JS. Comparison of polyclonal and monoclonal antibodies in determination of glo-
merular deposits of hepatitis B virus antigens in hepatitis B virus-associated glomerulonephritides. Am J
Clin Pathol. 1989; 92(2):159-65. https://doi.org/10.1093/ajcp/92.2.159 PMID: 2756932

Lai KN, Li PKT, Hawkins B, Lai FM. IgA nephropathy associated with ankylosing spondylitis: Occur-
rence in women as well as in men. Ann Rheum Dis. 1989; 48(5):435—7. https://doi.org/10.1136/ard.48.
5.435 PMID: 2730170

Shimamura Y, Maeda T, Gocho Y, Ogawa Y, Tsuji K, Takizawa H. Immunoglobulin A nephropathy sec-
ondary to Wilson’s disease: a case report and literature review. CEN Case Reports. 2018; 0(0):1-6.

Saha MK, Julian BA, Novak J, Rizk D V. Secondary IgA nephropathy. Kidney Int. 2018; 94(4):674-81.
https://doi.org/10.1016/j.kint.2018.02.030 PMID: 29804660

Ahuja TS, Funtanilla M, De Groot JJ, Velasco A, Badalamenti J, Wilson S. IgA nephropathy in psoriasis.
Am J Nephrol. 1998; 18(5):425-9. https://doi.org/10.1159/000013388 PMID: 9730568

Filiopoulos V, Trompouki S, Hadjiyannakos D, Paraskevakou H, Kamperoglou D, Vlassopoulos D. IgA
nephropathy in association with Crohn’s disease: A case report and brief review of the literature. Ren
Fail. 2010; 32(4):523-7. https://doi.org/10.3109/08860221003710554 PMID: 20446796

Nasr SH, D’Agati VD. IgA-dominant postinfectious glomerulonephritis: A New twist on an old disease.
Nephron—Clin Pract. 2011; 119(1):18-27.

Kogak G, Huddam B, Azak A, Ortabozkoyun L, Duranay M. Coexistent findings of renal glomerular dis-
ease with Hashimoto’s thyroiditis. Clin Endocrinol (Oxf). 2012; 76(5):759-62.

Sun 10, Hong YA, Park HS, Choi SR, Chung BH, Park CW, et al. Clinical characteristics and treatment
of patients with IgA nephropathy and hepatitis B surface antigen. Ren Fail. 2013; 35(4):446-51. https:/
doi.org/10.3109/0886022X.2013.775659 PMID: 23506536

Ambruzs JM, Walker PD, Larsen CP. The histopathologic spectrum of kidney biopsies in patients with
inflammatory bowel disease. Clin J Am Soc Nephrol. 2014; 9(2):265-70. https://doi.org/10.2215/CJN.
04660513 PMID: 24262508

BuR, LiQ, Duan ZY, Wu J, Chen P, Chen XM, et al. Clinicopathologic features of IgA-dominant infec-
tion-associated glomerulonephritis: A pooled analysis of 78 cases. Am J Nephrol. 2015; 41(2):98—-106.
https://doi.org/10.1159/000377684 PMID: 25765902

Rollino C, Vischini G, Coppo R. IgA nephropathy and infections. J Nephrol. 2016; 29(4):463-8. https://
doi.org/10.1007/s40620-016-0265-x PMID: 26800970

Cattran DC, Coppo R, Cook HT, Feehally J, Roberts ISD, Troyanov S, et al. The Oxford classification of
IgA nephropathy: rationale, clinicopathological correlations, and classification. Kidney Int. 2009;
76:534—-45. hitps://doi.org/10.1038/ki.2009.243 PMID: 19571791

Trimarchi H, Barratt J, Cattran DC, Cook HT, Coppo R, Haas M, et al. Oxford Classification of IgA
nephropathy 2016: an update from the IgA Nephropathy Classification Working Group. Kidney Int.
2017;91(5):1014-21. https://doi.org/10.1016/.kint.2017.02.003 PMID: 28341274

PLOS ONE | https://doi.org/10.1371/journal.pone.0221014  August 9, 2019 11/12


https://doi.org/10.1093/ndt/gfq665
https://doi.org/10.1093/ndt/gfq665
http://www.ncbi.nlm.nih.gov/pubmed/21068142
https://doi.org/10.1093/ndt/gfx189
http://www.ncbi.nlm.nih.gov/pubmed/29106637
https://doi.org/10.1681/ASN.2011050464
http://www.ncbi.nlm.nih.gov/pubmed/21949093
https://doi.org/10.1093/ndt/gfx330
https://doi.org/10.1093/ajcp/92.2.159
http://www.ncbi.nlm.nih.gov/pubmed/2756932
https://doi.org/10.1136/ard.48.5.435
https://doi.org/10.1136/ard.48.5.435
http://www.ncbi.nlm.nih.gov/pubmed/2730170
https://doi.org/10.1016/j.kint.2018.02.030
http://www.ncbi.nlm.nih.gov/pubmed/29804660
https://doi.org/10.1159/000013388
http://www.ncbi.nlm.nih.gov/pubmed/9730568
https://doi.org/10.3109/08860221003710554
http://www.ncbi.nlm.nih.gov/pubmed/20446796
https://doi.org/10.3109/0886022X.2013.775659
https://doi.org/10.3109/0886022X.2013.775659
http://www.ncbi.nlm.nih.gov/pubmed/23506536
https://doi.org/10.2215/CJN.04660513
https://doi.org/10.2215/CJN.04660513
http://www.ncbi.nlm.nih.gov/pubmed/24262508
https://doi.org/10.1159/000377684
http://www.ncbi.nlm.nih.gov/pubmed/25765902
https://doi.org/10.1007/s40620-016-0265-x
https://doi.org/10.1007/s40620-016-0265-x
http://www.ncbi.nlm.nih.gov/pubmed/26800970
https://doi.org/10.1038/ki.2009.243
http://www.ncbi.nlm.nih.gov/pubmed/19571791
https://doi.org/10.1016/j.kint.2017.02.003
http://www.ncbi.nlm.nih.gov/pubmed/28341274
https://doi.org/10.1371/journal.pone.0221014

@ PLOS|ONE

Clinical outcome of secondary IgA nephropathy

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Magistroni R, D’Agati VD, Appel GB, Kiryluk K. New developments in the genetics, pathogenesis, and
therapy of IgA nephropathy. Kidney Int. 2015; 88(5):974—89. https://doi.org/10.1038/ki.2015.252 PMID:
26376134

Geddes CC, Rauta V, Gronhagen-Riska C, Bartosik LP, Jardine AG, Ibels LS, et al. A tricontinental
view of IgA nephropathy. Nephrol Dial Transplant. 2003; 18(8):1541-8. https://doi.org/10.1093/ndt/
gfg207 PMID: 12897092

D’Amico G. Natural history of idiopathic IgA nephropathy and factors predictive of disease outcome.
Semin Nephrol. 2004; 24(3):179-96. PMID: 15156525

Pouria S, Barratt J. Secondary IgA Nephropathy. Semin Nephrol. 2008; 28(1):27-37. https://doi.org/10.
1016/j.semnephrol.2007.10.004 PMID: 18222344

Charlson ME, Pompei P, Ales KL and MacKenzie R. A New Method of Classifying Prognostic in Longi-
tudinal Studies: Development and Validation. J Chron Dis. 1987; 40(5):373-83. PMID: 3558716

Berthoux FC, Mohey H, Afiani A. Natural History of Primary IgA Nephropathy. Semin Nephrol. 2008; 28
(1):4-9. https://doi.org/10.1016/j.semnephrol.2007.10.001 PMID: 18222341

Lv J, Shi S, Xu D, Zhang H, Troyanov S, Cattran DC, et al. Evaluation of the oxford classification of IgA
nephropathy: A systematic review and meta-analysis. Am J Kidney Dis. 2013; 62(8):891-9.

Barbour SJ, Espino-Hernandez G, Reich HN, Coppo R, Roberts ISD, Feehally J, et al. The MEST score
provides earlier risk prediction in IgA nephropathy. Kidney Int. 2016; 89:1-9.

Jarrick S, Lundberg S, Welander A, Carrero J-J, Héijer J, Bottai M, et al. Mortality in IgA Nephropathy: A
Nationwide Population-Based Cohort Study. J Am Soc Nephrol. 2019;

Angel M. Sevillano, Monserrat Diaz, Fernando Caravaca-Fontan, Clara Barrios, Carmen Bernis,
Jimena Cabrera et al. Article IgA Nephropathy in Elderly Patients. Clin J Am Soc Nephrol. 2019;1-10.
https://doi.org/10.2215/CJN.13601118

Oh HJ, Ahn SV, Yoo DE, Kim SJ, Shin DH, Lee MJ, et al. Clinical outcomes, when matched at presenta-

tion, do not vary between adult-onset Hendch-Schénlein purpura nephritis and IgA nephropathy. Kidney
Int. 2012; 82(12):1304—12. https://doi.org/10.1038/ki.2012.302 PMID: 22895518

PLOS ONE | https://doi.org/10.1371/journal.pone.0221014  August 9, 2019 12/12


https://doi.org/10.1038/ki.2015.252
http://www.ncbi.nlm.nih.gov/pubmed/26376134
https://doi.org/10.1093/ndt/gfg207
https://doi.org/10.1093/ndt/gfg207
http://www.ncbi.nlm.nih.gov/pubmed/12897092
http://www.ncbi.nlm.nih.gov/pubmed/15156525
https://doi.org/10.1016/j.semnephrol.2007.10.004
https://doi.org/10.1016/j.semnephrol.2007.10.004
http://www.ncbi.nlm.nih.gov/pubmed/18222344
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1016/j.semnephrol.2007.10.001
http://www.ncbi.nlm.nih.gov/pubmed/18222341
https://doi.org/10.2215/CJN.13601118
https://doi.org/10.1038/ki.2012.302
http://www.ncbi.nlm.nih.gov/pubmed/22895518
https://doi.org/10.1371/journal.pone.0221014

