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A B S T R A C T

Background. It is unknown whether renal pathology lesions in
immunoglobulin A nephropathy (IgAN) correlate with renal
outcomes over decades of follow-up.

Methods. In 1130 patients of the original Validation Study of
the Oxford Classification for IgA Nephropathy (VALIGA) co-
hort, we studied the relationship between the MEST score
(mesangial hypercellularity, M; endocapillary hypercellularity,
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E; segmental glomerulosclerosis, S; tubular atrophy/interstitial
fibrosis, T), crescents (C) and other histological lesions with
both a combined renal endpoint [50% estimated glomerular fil-
tration rate (eGFR) loss or kidney failure] and the rate of eGFR
decline over a follow-up period extending to 35 years [median
7 years (interquartile range 4.1–10.8)].
Results. In this extended analysis, M1, S1 and T1–T2 lesions as
well as the whole MEST score were independently related with
the combined endpoint (P< 0.01), and there was no effect
modification by age for these associations, suggesting that they
may be valid in children and in adults as well. Only T lesions
were associated with the rate of eGFR loss in the whole cohort,
whereas C showed this association only in patients not treated
with immunosuppression. In separate prognostic analyses, the
whole set of pathology lesions provided a gain in discrimination
power over the clinical variables alone, which was similar at 5
years (þ2.0%) and for the whole follow-up (þ1.8%). A similar
benefit was observed for risk reclassification analyses (þ2.7%
andþ2.4%).
Conclusion. Long-term follow-up analyses of the VALIGA co-
hort showed that the independent relationship between kidney
biopsy findings and the risk of progression towards kidney fail-
ure in IgAN remains unchanged across all age groups and deca-
des after the renal biopsy.

Keywords: IgA nephropathy, progression, renal biopsy, risk
factors

I N T R O D U C T I O N

Immunoglobulin A nephropathy (IgAN) is a common glomeru-
lar disease, accounting for 22% of renal biopsies in Europe and
up to 39.5% in Asia [1, 2]. Apart from extremely mild or severely
aggressive forms, in most cases, IgAN has a slow relentless pro-
gression with loss of renal function and kidney failure in 10–
30% of cases over 10 years [3]. As in other renal diseases, severe
proteinuria and hypertension at renal biopsy and during follow-
up are strongly correlated with the risk of progression to kidney
failure in IgAN [4]. The inherent biological variation of these
two biomarkers requires time-averaged estimates of proteinuria
and blood pressure (BP) over a minimum of 2 years to ensure a
sufficiently accurate prognostication of renal outcomes in this
disease [5]. The value of renal biopsy features to predict progres-
sion of IgAN was established by the Oxford Classification for
IgA Nephropathy, a study which demonstrated that mesangial
hypercellularity (M), endocapillary hypercellularity (E), segmen-
tal glomerulosclerosis (S) and tubular atrophy/interstitial fibrosis
(T) (forming the MEST score) were directly related with inci-
dent renal outcomes independent of clinical data [estimated glo-
merular filtration rate (eGFR), proteinuria, mean arterial
pressure (MAP)] at the time of renal biopsy and during follow-
up (time-averaged proteinuria and time-averaged MAP values)
[6–8]. A recent large collaborative study demonstrated the addi-
tional value of crescents (C) for outcome prognostication, indi-
cating the value of adopting a MEST-C score for full evaluation
of renal pathology risk factors in IgAN [9, 10].

A number of studies have confirmed the relationship of the
MEST score with renal outcomes [11]. The Validation Study of

the Oxford Classification for IgA Nephropathy (VALIGA) was
one of the largest of these studies and consisted of 1147 cases of
IgAN from 13 European countries [12]. It validated the prog-
nostic value of MST lesions across the whole spectrum of clini-
cal features of this disease and retrospectively assessed the
effects of corticosteroid treatment in patients with selected
MEST scores [13]. A subsequent collaborative study that pooled
data from 901 patients in the VALIGA, Oxford and North
America validation studies showed that combining the original
MEST score with clinical data at the time of renal biopsy im-
proved prediction of the risk for the renal endpoint of eGFR de-
cline >50% or kidney failure as compared with baseline clinical
data only [14]. Furthermore, this combined approach predicted
the renal outcome with accuracy similar to the purely clinical
approach based on longitudinal data collection over 2 years.
Thus, combining baseline clinical data and histology findings
allows immediate prediction of the evolution of IgAN at the
time of biopsy, obviating the need for 2 years of data collection
demanded by the clinical score alone [5, 14].

The importance of being able to determine the risk for severe
chronic kidney disease (CKD) and kidney failure (G5 defined
by Kidney Disease Improving Global Outcome) over extended
follow-up periods, including lifetime risk, has been emphasized
in population-based modelling studies [15–17]. The issue is of
relevance for a disease such as IgAN because, due to likely dif-
ferences in pathophysiological pathways, this disease has a vari-
able progression rate. Some patients may not develop kidney
failure during the first year of follow-up but may still have a
substantial risk for this outcome over decades. Thus, investigat-
ing the relationship of the MEST-C score with renal outcomes
over prolonged follow-up is an issue of clinical relevance.

With this in mind, the present study was conceived to test
the relationship of the MEST-C score at diagnosis with renal
outcomes in the VALIGA cohort over an extended follow-up
period.

M A T E R I A L S A N D M E T H O D S

Patients

VALIGA enrolled 1147 European patients with primary
IgAN from 53 centres in 13 European countries [12]. Patients
with Henoch–Schönlein nephritis, chronic hepatitis, diabetes or
cancer were excluded. Each renal biopsy was centrally rescored
by the pathology review centre in Oxford, UK. The last
VALIGA record was in September 2011. For the purpose of the
present analysis, follow-up was updated until December 2015.

Clinical data and definitions

The definition of children, measurement of proteinuria and
MAP in children and in adults and time-averaged proteinuria
and time-averaged MAP have been described in the VALIGA
study [12]. Estimated glomerular filtration rate (eGFR) was
estimated using the four-variable Modification of Diet and
Renal Disease (MDRD) formula in adults, to be consistent with
previous reports [7, 12], and the Schwartz formula in children
(constant K¼ 0.55), with a maximum eGFR set at 120 mL/min/
1.73 m2, as previously described [8, 17]. Kidney failure was
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defined as an eGFR�15 mL/min/1.73 m2. Corticosteroid/im-
munosuppressive treatment was evaluated on an intent-to-treat
basis, regardless of the type or duration of therapy.

Pathology review

Renal biopsies were scored according to the Oxford classifi-
cation: M0/M1 (�50% of glomeruli with <4 mesangial cells/
mesangial area/>50% of glomeruli with�4 mesangial cells/me-
sangial area), E0/E1 (absent/present), S0/S1 (absent/present)
and T0/T1/T2 (<25, 25–50, >50%). In addition, arteriosclero-
sis and extracapillary proliferation with cellular or fibrocellular
C were categorized as absent/present according to the Oxford
definition. Moreover, C was subdivided into two classes of glo-
meruli with C1> and C2�25% of glomeruli [9].

Outcomes

Two clinical outcomes were considered to evaluate the pre-
dictive value of renal pathology variables (consistent with the
Oxford study and VALIGA first report), progression to the
combined endpoint of a 50% reduction in eGFR or kidney fail-
ure and the rate of renal function decline (eGFR slope) during
follow-up.

Statistical methods

Normally distributed data were expressed as mean 6 stan-
dard deviation, non-normally distributed variables as median
and interquartile range (IQR) and binary data as a percentage,
as appropriate. The follow-up period was summarized as me-
dian and range.

The renal function loss over time was assessed on an individ-
ual basis by fitting a straight line of the relationship ‘eGFR ver-
sus time’, and the slope was adopted as an index of eGFR
decline, with the latter expressed as mL/min/1.73 m2/year.
Multivariable country-weighted linear regression models were
used to identify the independent correlates of eGFR slope. In
these analyses we included M, E, S, T and also C and arterioscle-
rosis (which were significant at univariate analysis) and ad-
justed for age, gender, baseline eGFR, baseline body mass index
(BMI), baseline MAP and baseline proteinuria. Additional mul-
tivariable sensitivity analyses including time-averaged values of
MAP and proteinuria were calculated as previously described
[7]. Data were expressed as the standardized regression coeffi-
cient (b) and P-value.

Time-to-event analysis was performed by country-stratified
Cox regression analysis and the independent association of iso-
lated and combined components of MEST, C and atherosclero-
sis was assessed in Cox models, including key demographic
(age and gender) and clinical variables [mean arterial pressure
and proteinuria (either baseline or time-averaged) and BMI].
Results were expressed as the hazard ratios (HRs), 95% confi-
dence intervals (CIs) and P-values.

The discriminant power of individual components of the
MEST score, C and arteriosclerosis (up to 5 and 35 years) to
predict the combined endpoint was assessed by Harrell’s C test
[18] and the corresponding reclassification ability by the
Integrated Discrimination Improvement (IDI) [19]. For all
tests, P-values<0.05 were considered statistically significant.

All calculations were performed using SPSS for Windows,
version 22 (IBM, Armonk, NY, USA) and STATA for
Windows, version 13 (StataCorp, College Station, TX, USA).

R E S U L T S

VALIGA follow-up cohort

Centres contributing to VALIGA were asked to update the
clinical records of 1147 patients from 55 centres of the original
VALIGA study (see list in Appendix 1). After the exclusion of
17 patients with eGFR<15 mL/min/1.73 m2 at renal biopsy
(the kidney failure threshold, i.e. one of the study endpoints; see
‘Materials and methods’ section), the follow-up analysis was
performed in 1130 patients. In the present analysis, the median
follow-up was 7 years (IQR 4.1–10.8) and ranged from 0.08 to
35 years, prolonged by 51% from the median follow-up of
4.7 years (IQR 2.4–7.9) of the original VALIGA study.

Demographic, clinical and pathology data at renal biopsy are
reported in Table 1 and those during follow-up (time-averaged
data, treatments and renal outcomes) in Table 2. All patients
were residents of Europe and 97.6% were Caucasian. Most
patients had their renal biopsy performed when in CKD Stages
1–3. Twenty-eight percent of renal biopsies showed M1, 11%
E1, 70% S1 and 21% T1 or T2. T2 lesions were infrequent
(3.6%), hence T1 and T2 were combined for statistical analysis.
Overall, C was present in 10.5% of cases, 8.6% had<25% of glo-
meruli involved (C1) and only 1.9% had C in�25% of glomer-
uli (C2). Hence C1 and C2 were combined for statistical

Table 1. Baseline characteristics at renal biopsy of 1130 patients with
IgAN

Age (years) 35 6 16
Paediatrics subjects (<18 years of age), % 15
Ethnicity (Caucasian/African/Asian/other), % 97.6/0.6/0.6/1.2
eGFR (mL/min/1.73 m2) 74 6 31
CKD stage, %

1 or 2 63.7
3 28.5
4 7.8

Male, % 73
MAP (mmHg)a 98 6 13
SBP (mmHg)a 131 6 20
DBP (mmHg)a 81 6 12
Proteinuria (g/day)a, median (IQR) 1.2 (0.5–2.4)
Proteinuria (% of patients)
<0.5 g/day 21
�0.5–1 g/day 20
�1–3 g/day 40
�3 g/day 19

Pathology features, %
M1 28
E1 11
S1 70
T1–2 21
C1–2, % 10.5
Arteriosclerosis (presence), % 27

aIn subjects <18 years of age, blood pressure values were corrected as previously detailed
[8, 17] and proteinuria was reported per 1.73 m2 body surface area. Pathology findings
are defined according to Oxford classification [6]: C1 in <25% and C2 in �25% of glo-
meruli. Data presented as mean 6 standard deviation unless stated otherwise. SBP: sys-
tolic blood pressure; DBP: diastolic blood pressure.
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analysis. Twenty-seven percent had arteriosclerosis. During the
follow-up, 87% of patients were treated with angiotensin con-
verting enzyme (ACE) inhibitors or angiotensin II blockers and
48% with corticosteroids and/or other immunosuppressive
drugs.

Correlations between renal pathology lesions and
outcomes

Over the long-term follow-up of the VALIGA cohort, 212
patients (18.8%) developed incident kidney failure (CKD
Stage G5) and 255 (23.5%) had a 50% decline in eGFR.
Overall, 279 (24.7%) reached the combined endpoint [50%
decline in eGFR or kidney failure over the follow-up period
(Supplementary data, Figure S1)]. The adjusted ratio HR for
the combined endpoint associated with a 1 U increase in the
MEST score was 1.62 (95% CI 1.40–1.87; P< 0.001). In multi-
variable survival analyses over long-term follow-up (Table 3),
clinical variables (i.e. baseline eGFR, proteinuria and MAP)
at renal biopsy were robustly associated with this outcome
measure. In the whole cohort, M1, S1 and T1–T2 were inde-
pendently related with the combined endpoint (Table 3).
There was no effect modification by age for these associations
(P for interaction ranged from 0.09 to 0.90), suggesting that
they may be valid in children and in adults as well. Further
multivariable analyses including time-averaged values of
MAP and proteinuria rather than the corresponding baseline
values confirmed these associations (data not shown).

In the multivariate analysis of the whole study population
over an extended follow-up period, eGFR, MAP and protein-
uria at the time of renal biopsy were significantly associated
with the rate of renal function loss (Table 4). The MEST score
was associated with prediction of the rate of loss of GFR (b-co-
efficient �0.16, P< 0.001). Among components of the MEST
score, only T was significantly related to the same outcome vari-
able (P< 0.001). There was no effect modification by age on
this association (P for interaction¼ 0.77). In the subpopulation
that never received corticosteroids or other immunosuppressive
drugs (Table 4, right column), T, baseline eGFR and baseline
proteinuria maintained an independent relationship with eGFR
loss over time. In the same non-treated subpopulation, C
emerged as a significant correlate of the outcome variable
(P¼ 0.01) (Table 4, right column). In the small group of
patients with C2 lesions, no independent relationship with the
combined renal endpoint over and above the mere presence of
C was detectable.

Additional multivariable analyses including time-averaged
values of MAP and proteinuria over the follow-up period rather
than the corresponding baseline values substantially confirmed
these associations (data not shown).

Prognostic value of pathology features over long follow-
up times

The adjusted HR of the MEST score for the combined
endpoint at the median follow-up value of 7 years (patients at
risk, n¼ 557) was 1.65 (95% CI 1.38–1.96; P< 0.001) and the
HR at 25 years was 1.62 (95% CI 1.40–1.87; P< 0.001).

To estimate the prognostic value of the individual compo-
nents of the MEST score, C and arteriosclerosis, we performed
a discriminant analysis using the Harrell’s C index. We calcu-
lated the discriminatory power of the simple risk model based
on clinical variables (age, gender, baseline eGFR, baseline BMI,
time-averaged MAP and time-averaged proteinuria) for a
follow-up period of �5 years [median 4.0 years (range 0.08–
5.0)] and for the whole observation period that extended to
35 years [median 7 years (range 0.08–35)]. Over the extended
observation period, the discriminatory power of the basic model
remained virtually the same as the 5-year model (83.7 versus
85.2%). Individual components of the MEST score, the sum of
the MEST score, C and arteriosclerosis added a
predictive power to the basic clinical model in the 35-year
follow-up period of 0–0.8% very similar to that over the 5-year
follow-up (from 0% to 0.5%). The simultaneous inclusion of all
pathology features (MEST, C and arteriosclerosis) to the basic
model provided a gain in discrimination that did not change
over the 5- and 35-year follow-up period (2.0 and 1.8%,
respectively).

In the risk reclassification analyses by IDI, only T1–T2 sig-
nificantly improved risk reclassification in the 5-year (IDI
þ2.3%, P¼ 0.003) and prolonged follow-up cohorts (IDI
þ1.5%, P< 0.001). S1 provided a significant improvement in
risk reclassification only in the prolonged follow-up cohort
(þ0.5%, P¼ 0.048). The improvement in risk reclassification
provided by the remaining pathology features ranged from
�0.05% to 0.30% at 5 years (P ranged from 0.37 to 0.68) and

Table 2. Follow-up data and clinical outcomes

Duration of follow-up (years), median (IQR) 7.0 (0.08–35.0)
MAP (mmHg, time averaged)a 95 6 9
SBP (mmHg, time averaged)a 128 6 13
DBP (mmHg, time averaged)a 79 6 8
Number of antihypertensive drugs, median
(IQR)

1 (1.0–2.0)

Patients on 1, 2 or >2 antihypertensive drugs,
%

36, 22, 18

Proteinuria (g/day, time averaged)a, median
(IQR)

0.8 (0.4–1.6)

Median time-averaged proteinuria (g/day)a, %
<0.5 32
�0.5–1 26
�1–1.5 15
�1.5–2 10
�2 17

Treatments, %
Corticosteroid/immunosuppressive drugs 48
ACE inhibitors and/or angiotensin II
blockers

87

Fish oil 15
Tonsillectomy 3

Clinical outcome data
Rate of decline in renal function (mL/min/
1.73 m2/year)

�1.8 6 7.2

50% decrease in eGFR, n (%) 255 (23.5)
ESRD (<15 mL/min/1.73 m2), n (%) 212 (18.8)
50% decrease in eGFR or ESRD, n (%) 279 (24.7)

aIn subjects <18 years of age, blood pressure values were corrected as previously detailed
[8, 17] and proteinuria was reported per 1.73 m2 body surface area. Data presented as
mean 6 standard deviation unless stated otherwise. SBP: systolic blood pressure; DBP:
diastolic blood pressure; ACE: angiotensin-converting enzyme.
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from 0.05 to 0.16% at 35 years (P ranged from 0.22 to 0.66). The
IDI using the whole set of pathology lesions (MEST, C and arte-
riosclerosis) was 2.7% at 5 years (P¼ 0.001) and 2.4% at
35 years (P< 0.001).

D I S C U S S I O N

The VALIGA analysis of pooled European cohorts of patients
with IgAN validated the prediction value of the Oxford MEST
score for the combined renal endpoint of 50% eGFR loss or kid-
ney failure or eGFR decline that was independent of baseline
eGFR, proteinuria and MAP over a median follow-up of about
4 years [12]. The independent relationship of the MEST score
and C with these same outcomes over prolonged follow-up has
not been addressed until now.

As in other glomerular diseases, the renal lesions in IgAN
undergo dynamic changes due to evolution of the underlying
pathological process and/or the effect of treatments. Some
lesions, for instance E and C, are particularly subject to change,
as demonstrated by repeat renal biopsy studies that show their
decrease or disappearance over time after corticosteroids, cyclo-
phosphamide and mycophenolate mofetil treatment or their
progression to glomerular sclerosis [20–22]. Regression of M
has similarly been detected in a repeated renal biopsy study af-
ter treatment with corticosteroid and immunosuppressive treat-
ment in children with IgAN [23]. Also, podocyte lesions
detected in a subset of patients with the S1 score were reduced
after 6 months of corticosteroid treatment [22]. In contrast, pro-
gression of glomerular sclerosis and tubular interstitial damage
is also found in repeated renal biopsy studies and is likely to rep-
resent unfavourable evolution of these active lesions [20, 22].

The prognostic value of these potentially modifiable patho-
logical features detected at renal biopsy over a prolonged period
of follow-up is unknown. Even though repeated renal biopsies
could provide important information to guide clinical decisions
during the disease course, clinicians rarely undertake a second
biopsy, even in the setting of persistent proteinuria despite opti-
mal supportive care. Therefore, knowing whether the informa-
tion provided by the first diagnostic renal biopsy remains valid
in the long term is a relevant clinical question in IgAN. To in-
vestigate this, we extended the follow-up of the IgAN VALIGA
cohort of >1000 patients [12], all with centrally scored MEST-
C.

This long-term country-weighted analysis of the VALIGA
cohort, which includes adults and children, shows that the
MEST score remains directly associated with the combined re-
nal endpoint over observation periods extending to>3 decades.
In addition, in patients who never received corticosteroid/im-
munosuppressive treatment, the presence of C was related to
the rate of renal function decline, independent of the MEST
score and other risk factors. The lack of effect on the combined
endpoint (which is a severe outcome for the patient, with 50%

Table 3. Multivariable Cox regression analysis for the risk of reaching the combined renal endpoint of 50% decline in eGFR or kidney failure

Characteristics All patients (n¼ 1130) Patients never treated with
corticosteroid/immunosuppressors

during the follow-up (n¼ 582)

M1 1.34 (1.02–1.75), P¼0.037* 1.83 (1.23–2.75), P¼0.003*
E1 1.17 (0.79–1.74), P¼0.43 0.83 (0.45–1.53), P¼0.55
S1 1.61 (1.10–2.36), P¼0.01* 1.54 (0.89–2.66), P¼0.13
T1–2 2.46 (1.80–3.36), P<0.001* 2.73 (1.66–4.47), P<0.001*
Crescents (C1–2) 0.85 (0.55–1.30), P¼0.44 1.81 (0.90–3.64), P¼0.10
Arteriosclerosis 1.19 (0.89–1.58), P¼0.24 1.20 (0.79–1.82), P¼0.39
Age 1.00 (0.99–1.01), P¼0.60 1.00 (0.99–1.02), P¼0.61
Gender (male) 0.90 (0.67–1.22), P¼0.51 1.02 (0.64–1.63), P¼0.93
Baseline eGFR 0.99 (0.98–0.99), P<0.001* 0.98 (0.97–0.99), P¼0.001*
Baseline MAP 1.01 (1.00–1.02), P¼0.005* 1.01 (1.00–1.03), P¼0.03*
Baseline proteinuria 1.19 (1.12–1.26), P<0.001* 1.21 (1.11–1.32), P<0.001*
Baseline BMI 1.01 (0.98–1.05), P¼0.46 1.02 (0.97–1.06), P¼0.50

Dependent variable: 50% decrease in eGFR or ESRD. Data are presented as HR, 95% CI and P-value. *Statistically significant P-values. Pathology findings are defined according to the
Oxford classification [6]: M, E, S, T (T1 and T2 pooled), crescents (C1 and C2 pooled) and arteriosclerosis (significant at univariate analysis) adjusted for age, gender and baseline data
of eGFR, MAP, proteinuria and BMI. The analysis is country weighted.

Table 4. Multivariable linear regression analysis of the rate of renal func-
tion decline (eGFR slope)

Characteristics All patients
(n¼ 1130)

Patients never treated with
corticosteroid/immunosuppressors

during the follow-up (n¼ 582)

M1 �0.03 (P¼0.28) �0.06 (P¼0.18)
E1 �0.06 (P¼0.07) 0.08 (P¼0.07)
S1 �0.05 (P¼0.14) �0.07 (P¼0.14)
T1–2 �0.16 (P<0.001*) �0.14 (P¼0.003*)
Crescents (C1–2) 0.002 (P¼0.95) �0.11 (P¼0.01*)
Arteriosclerosis �0.002 (P¼0.94) 0.03 (P¼0.51)
Gender (male) 0.02 (P¼0.42) �0.006 (P¼0.89)
Age �0.01 (P¼0.76) 0.004 (P¼0.94)
Baseline eGFR �0.18 (P<0.001*) �0.11 (P¼0.05*)
Baseline MAP �0.12 (P<0.001*) �0.08 (P¼0.10)
Baseline proteinuria �0.08 (P¼0.02*) �0.13 (P¼0.004*)
Baseline BMI 0.001 (P¼0.97) �0.02 (P¼0.74)

Dependent variable: rate of renal function decline. Data are presented as standardized
regression coefficient (beta) and P-value. *Statistically significant P-values. Pathology
findings are defined according to the Oxford classification [6]: M, E, S, T, crescents and
arteriosclerosis adjusted for age, gender and baseline data of eGFR, MAP and protein-
uria. The analysis is country weighted.
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loss of eGFR or kidney failure) is probably due to the fact that
the patients enrolled in the VALIGA study had a modest me-
dian annual eGFR loss (1.8 6 7.2 mL/min/year) and were
scarcely crescentic with a low percentage of C2 lesions.
Consistent with many studies [11, 24, 25], including the original
VALIGA [12], T was the pathological lesion most robustly asso-
ciated with adverse renal outcomes during extended follow-up,
a finding that was age and immunosuppression independent,
confirming previous explorative studies indicating that chronic
changes may be highly predictive even in early biopsies [26].
The percentage of T2 lesions was so low that T1 and T2 were
pooled for statistical analysis, hence no independent value of T1
or T2 could be assessed. Therapies targeted at pathways pro-
moting early tubular/interstitial damage are essential to limit
the progression of kidney disease, and this is supported by the
findings of this extended VALIGA study [27]. The M1 lesions
also had a significant impact on the outcome decades after the
renal biopsy particularly in patients who did not receive immu-
nosuppression. Hence the search for effective and safe therapies
acting on modifiable histological risk factors, including mesan-
gial cells activation, is crucial to the goal of limiting the transfor-
mation of active glomerular lesions to irreversible fibrotic scars.

The improvement in prognostication by adding pathology
features to baseline clinical data in patients with IgAN was
reported for the first time in a Japanese study using their na-
tional histological classification [28, 29]. They showed an im-
provement in prediction of 5%, similar to the 6% improvement
in the C index over >5 years reported using the MEST score in
a multicentre study analysing pooled multicontinental cohorts
[14]. The improvement in risk discrimination and reclassifica-
tion of the whole series of histological lesions considered in the
present analysis was 1.8 and 2.4%, respectively. These small
improvements in the present long-term follow-up cohort likely
reflect the already high discriminatory value of the model with
clinical data only [14]. Although this might be considered a lim-
ited contribution to the risk factors driving the natural history
of IgAN, it is of a similar magnitude to other appreciated risk
factors, for example, a seven-single-nucleotide polymorphism
genetic risk score, which explained 4.7% of overall IgAN risk
according to large genome-wide association studies [30].

This long-term follow-up analysis strengthens the observa-
tions of the first VALIGA study and subsequent large collabora-
tive studies, indicating that the MEST-C lesions remain
associated with renal outcomes over a very long time window,
independent of the treatment administered. These findings sug-
gest that in IgAN, alongside clinical risk factors, the severity of
renal damage at diagnosis dictates the risk of progression to-
wards kidney failure.

Clinical trials do not often consider baseline renal biopsy
features. Baseline biopsy data may offer material for predic-
tive analytics beyond the simple presence of persistent pro-
teinuria that has generally been used as enrolment criterion,
enriching the clinical trial population with active and poten-
tially progressive patients. In the era of precision nephrology,
pathology lesions, particularly mesangial proliferation, podo-
cytopathy and crescents, as well as the extent of tubular and
interstitial damage, may represent useful criteria for selecting

patients for clinical trials at high risk for adverse renal
outcomes.

In conclusion, the long-term follow-up of the VALIGA co-
hort shows that the independent relationship of the MEST-C
score found on kidney biopsy remains associated with the risk
of progression towards kidney failure in patients with IgAN
decades after the renal biopsy. These results further highlight
the potential value of key histological alterations for designing
future clinical trials in IgAN.
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APPENDIX 1

The VALIGA centres’ list of nephrologists includes the follow-
ing (asterisks mark the centres that sent the update by 2016):

V. Tesar, D. Maixnerova (Nephrology, First Faculty of
Medicine and General University Hospital, Prague, Czech
Republic)*; S. Lundberg (Nephrology, Karolinska University

Hospital, KarolinskaInstitutet, Stockholm, Sweden)*;
L. Gesualdo (Nephrology, Emergency and Organ
Transplantation, University of Bari “Aldo Moro”, Foggia-Bari,
Italy)*; F. Emma, L. Fuiano (Nephrology, Pediatrico Bambino
Gesù Hospital, Rome, Italy)*; G. Beltrame, C. Rollino
(Nephrology, San Giovanni Bosco Hospital, Turin, Italy)*;
R. Coppo, A. Amore, R. Camilla, L. Peruzzi (Nephrology,
Regina Margherita Children’s Hospital, Turin, Italy)*;
M. Praga (Nephrology, Hospital 12 de Octubre, Madrid,
Spain)*; S. Feriozzi, R. Polci, (Nephrology, Belcolle Hospital,
Viterbo, Italy)*; G. Segoloni, L. Colla (Nephrology,
S. Giovanni Battista University Hospital, Turin, Italy)*;
A. Pani, A. Angioi, L. Piras (Nephrology, G. Brotzu Hospital,
Cagliari, Italy)*; J. Feehally (John Walls Renal Unit, Leicester
General Hospital, Leicester, United Kingdom)*; G. Cancarini,
S. Ravera (Nephrology, Spedali Civili University Hospital,
Brescia, Italy); M. Durlik (Transplantation Medicine and
Nephrology, Warsaw Medical University, Warsaw, Poland)*;
E. Moggia (Nephrology, Santa Croce Hospital, Cuneo, Italy)*;
J. Ballarin (Nephrology, Fundacion Puigvert, Barcelona,
Spain)*; S. Di Giulio (Nephrology, San Camillo Forlanini
Hospital, Rome, Italy); F. Pugliese, I. Serriello (Nephrology,
Policlinico Umberto I University Hospital, Rome, Italy)*;
Y. Caliskan, M. Sever, I. Kilicaslan (Nephrology, Internal
Medicine, Istanbul Faculty of Medicine, Istanbul, Turkey)*;
F. Locatelli, L. Del Vecchio (Nephrology, A. Manzoni
Hospital, Lecco, Italy)*; J.F.M. Wetzels, H. Peters (Nephrology
and Pathology, Radboud University Nijmegen Medical Center,
Nijmegen, The Netherlands)*; U. Berg (Pediatrics,
Department of Clinical Science, Intervention and Technology,
Huddinge, Sweden)*; F. Carvalho, A.C. da Costa Ferreira
(Nephrology, Hospital de Curry Cabral, Lisbon, Portugal)*;
M. Maggio (Nephrology, Hospital Maggiore di Lodi, Lodi,
Italy)*; A. Wiecek (Nephrology, Endocrinology and Metabolic
Diseases, Silesian University of Medicine, Katowice, Poland);
M. Ots-Rosenberg (Nephrology, Tartu University Clinics,
Tartu, Estonia)*; R. Magistroni (Nephrology, Policlinic of
Modena and Reggio Emilia; Modena, Italy); R. Topaloglu,
Y. Bilginer (Pediatric Nephrology and Rheumatology,
Hacettepe University, Ankara, Turkey)*; M. D’Amico
(Nephrology, S. Anna Hospital, Como, Italy)*; M. Stangou
(Nephrology, Hippokration General Hospital, Aristotle
University of Thessaloniki, Thessaloniki, Greece)*;
F. Giacchino (Nephrology, Ivrea Hospital, Ivrea, Italy)*;
D. Goumenos, M. Papastirou, (Nephrology, University
Hospital of Patras, Patras, Greece)*; K. Galesic, L. Toric
(Nephrology, University Hospital Dubrava, Zagreb, Croatia)*;
C. Geddes (Renal Unit, Western Infirmary Glasgow, Glasgow,
UK)*; K. Siamopoulos, O. Balafa (Nephrology, Medical School
University of Ioanina, Ioannina, Greece)*; M. Galliani
(Nephrology, S. Pertini Hospital, Rome, Italy); P. Stratta,
M. Quaglia (Nephrology, Maggiore della Carità Hospital,
Piemonte Orientale University, Novara, Italy)*; R. Bergia,
R. Cravero (Nephrology, Degli Infermi Hospital, Biella, Italy)*;
M. Salvadori, L. Cirami (Nephrology, Careggi Hospital,
Florence, Italy)*; B. Fellstrom, H. Kloster Smerud (Renal
Department, University of Uppsala, Uppsala, Sweden)*;
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F. Ferrario, T. Stellato (Nephropathology, San Gerardo
Hospital, Monza, Italy); J. Egido, C. Martin (Nephrology,
Fundacion Jimenez Diaz, Madrid, Spain)*; J. Floege, F. Eitner,
T. Rauen (Nephrology and Immunology, Medizinische Klinik
II, University of Aachen, Aachen, Germany)*; A. Lupo,
P. Bernich (Nephrology, University of Verona, Verona, Italy);
P. Menè (Nephrology, S. Andrea Hospital, Rome, Italy);
M. Morosetti (Nephrology, Grassi Hospital, Ostia, Italy);
C. van Kooten, T. Rabelink, M.E.J. Reinders (Nephrology,
Leiden University Medical Centre, Leiden, The Netherlands)*;
J.M. Boria Grinyo (Nephrology, Hospital Bellvitge, Barcelona,
Spain); S. Cusinato, L. Benozzi (Nephrology, Borgomanero
Hospital, Borgomanero, Italy)*; S. Savoldi, C. Licata
(Nephrology, Civile Hospital, Ciriè, Italy)*; M. Mizerska-
Wasiak, M. Roszkowska-Blaim (Pediatrics, Medical University
of Warsaw, Warsaw, Poland); G. Martina, A. Messuerotti
(Nephrology, Chivasso Hospital, Chivasso, Italy)*; A. Dal
Canton, C. Esposito, C. Migotto (Nephrology Units, S. Matteo
Hospital and Maugeri Foundation, Pavia, Italy); G. Triolo,
F. Mariano (Nephrology CTO, Turin, Italy)*; C. Pozzi
(Nephrology, Bassini Hospital, Cinisello Balsamo, Italy)*;
R. Boero (Nephrology, Martini Hospital, Turin, Italy)*.

The VALIGA centres’ list of pathologists includes the fol-
lowing: G. Mazzucco (Turin, Italy); C. Giannakakis (Rome,
Italy); E. Honsova (Prague, Czech Republic); B. Sundelin
(Stockholm, Sweden); A.M. Di Palma (Foggia-Bari, Italy); F.
Ferrario (Monza, Italy); E. Gutiérrez (Madrid, Spain); A.M.
Asunis (Cagliari, Italy); J. Barratt (Leicester, United
Kingdom); R. Tardanico (Brescia, Italy); A. Perkowska-
Ptasinska (Warsaw, Poland); J. Arce Terroba (Barcelona,
Spain); M. Fortunato (Cuneo, Italy); A. Pantzaki
(Thessaloniki, Greece); Y. Ozluk (Istanbul, Turkey); E.
Steenbergen (Nijmegen, The Netherlands); M. Soderberg
(Huddinge, Sweden); Z. Riispere (Tartu, Estonia); L. Furci
(Modena, Italy); D. Orhan (Ankara, Turkey); D. Kipgen
(Glasgow, UK); D. Casartelli (Lecco, Italy); D.
GalesicLjubanovic (Zagreb, Croatia); H Gakiopoulou
(Athens, Greece), E. Bertoni (Florence, Italy); P. Cannata
Ortiz (Madrid, Spain); H. Karkoszka(Katowice, Poland),
H.J. Groene (Heidelberg, Germany); A. Stoppacciaro
(Rome, Italy); I. Bajema, J. Bruijn (Leiden, The
Netherlands); X. Fulladosa Oliveras (Barcelona, Spain); J.
Maldyk (Warsaw, Poland) and E. Ioachim (Ioannina,
Greece).
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