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Abstract

Purpose of review Henoch-Schönlein purpura nephritis (HSPN), known currently as nephri-
tis associated with IgA vasculitis (IgAVN), and IgA nephropathy (IgAN) share pathoge-
netic mechanisms and almost indistinguishable histology, but have peculiar clinical
behavior and outcome. Recent classifications, clinical trials, and discussions lead to
critical revision of old and new treatments.
Recent findings In recent years, the histological classification of IgAN Oxford-MEST
allowed the identification of histological and clinical risk factors for progression of IgAN
and encouraged new studies to explore the value of different treatments, allowing a more
standardized classification of enrolled patients. For HSPN, large clinical studies are
lacking, and the old histological classifications available do not allow such a precise
standardization. However, new efforts are made to follow the IgAN pipeline. Personalized
therapies are being forecast, tailored according to histological and clinical risk factors
implemented by more innovative biomarkers. The aim is to efficaciously treat both
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diseases in the earlier phases. The inflammatory process can be completely extinguished if
treated adequately without delay, with a high percentage of permanent complete remis-
sion in children.
Summary The state-of-the-art knowledge of the elements useful to choose the appropriate
treatment in HSPN/IgAVN and IgAN in children is reviewed.

Introduction

IgA nephropathy and Henoch-Schönlein purpura
nephritis/IgA vasculitis: one or two diseases?
IgA nephropathy, the most diffuse glomerulonephritis
in the young, has a relatively recent history due to the
definition of its characteristic mesangial intercapillary
deposits only in 1968 [1], when IgG- and IgA-specific
antisera became available [2]. Previously it was de-
scribed as benign recurrent hematuria, with a histology
of focal segmental nephritis and a clinical behavior
s t r i c t l y r e l a t ed to in f e c t i on s bu t w i thou t
hypocomplementemia. For some years, the finding of
Berger was not confirmed by other authors and was
considered as a non-specific incidental staining due to
poor quality of the antiserum, and only in 1973, the
group of Habib was able to join idiopathic recurrent
macroscopic hematuria with the presence of IgG and
IgA mesangial deposits [3].

Henoch-Schönlein purpura, the most common vas-
culitis in childhood, has instead a much older history,
being known since the previous century, and often asso-
ciated to food allergy and frequently complicated by
nephritis.

These two independent stories converged in 1973,
when dominant IgA deposits were described in the

vessel walls and in mesangium of 4 cases of Henoch-
Schönlein purpura nephritis (HSPN) and of 4 cases of
recurrent macroscopic hematuria. The presence of IgA,
IgG, and C3 raised the hypothesis of a common
pathomechanism for the two diseases [4], possibly driv-
en by the IgA itself, identified also in the vessel wall of
unaffected skin [5].

Since the 1970s, the two diseases have run a parallel
pathway: it became rapidly evident that IgA nephropa-
thy was the most common glomerulonephritis world-
wide and that HSPN in contrast was a rare disease, with
distinct epidemiological and clinical characteristics be-
tween them, but with an almost indistinguishable his-
tology, suggesting common immunological aspects but
some peculiar differences [6•].

After 50 years of parallel journey, the pathogenic
mechanisms of both diseases remain elusive: histology,
biochemistry, immunology, and some clinical aspects
are completely superimposable but HSPN has a wide-
spread tendency to regress and completely recover in
most of the cases, while IgAN more commonly has a
chronic progressive course and a much less explosive
onset [7].

Henoch Schönlein purpura
HSPN/IgA vasculitis: which disease are we talking about?

Henoch-Schönlein purpura is the most common vasculitis in childhood, in-
volving the skin, the gastrointestinal tract, the joints and less frequently kidneys,
testes, and brain.

The true incidence is widely variable from 3 to 30/100.000 children, owing
to both possible under-reporting but also different classification criteria used
over the years. The American College of Rheumatology classification of 1990 is
exclusively clinical and without consideration for IgA, whereas the EULAR
PRINTO/PRES classification of 2010 requires the presence of palpable purpura
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but without the need for a histological criterion. In themost recent “Chapel Hill
conference revised nomenclature of systemic vasculitis” of 2012, HSP is re-
named “IgA vasculitis” (IgAV) for the mandatory presence of dominant IgA1
deposits in small vessels of the skin or gastrointestinal tract, frequently associ-
ated with arthritis and possibly to nephritis (IgAVN), histologically indistin-
guishable from IgA Nephropathy. The vasculitic involvement may be systemic
or limited to a single organ.

IgAV has a peculiar epidemiology, involving mainly children, with a peak
incidence at primary school age but being present in all ages, with seasonal
trend [8, 9] and a trend towards a lower incidence over decades all over the
world [10], supporting the hypothesis of a pathogenic role of infections [11] of
bacterial, viral, and protozoal origin.

Renal involvement occurs in about one-third of patients. In a recent met-
analysis, some predictive risk elements were identified as age over 8 years, male
gender, severe persistent abdominal involvement, recurrent persistent purpura,
and laboratory parameters like C3 consumption, leukocytosis, and
thrombocytosis [12].

Timing of nephritis appearance is widely variable from the onset of purpura,
from 1 day to over 1 year, but primarily within the first month. In a recent
European pediatric cohort [13], the median time of renal involvement appear-
ance was 13 days after purpura onset (IQR 0–45 days), with presentation
differing from microscopic hematuria to nephrotic or nephritic syndrome,
and in a small percentage with rapidly progressive evolution. Adults frequently
receive a delayed diagnosis of the nephritis due to milder, misdiagnosed, or
under-detected purpura [14].

Timing of renal biopsy policy may vary according to the clinical presenta-
tion: the idea of a generally favorable disease in childhood often leads to a
delayed biopsy, frequently after a tentative therapeutic approach with steroids.
Histology is mainly evaluated in patients’ unresponsive to treatment or with
nephrotic syndrome and avoided in milder cases with isolated microscopic
hematuria or rapidly resolving disease.

Timing of biopsy after the onset of nephritis in a recent German study [15]
was found to influence histology, particularly when considering crescents and
sclerotic lesions. Crescents were progressively less frequent when the biopsy was
delayed, giving way to increased incidence of chronic lesions such as glomerular
sclerosis and interstitial fibrosis/tubular atrophy after awaitingmonths. Chronic
lesions, often associated to non-nephrotic smoldering proteinuria, in this co-
hort represented an unfavorable prognostic factor for progression.

In an Italian cohort including 83 children [14], the presentations were
isolated urinary abnormalities or nephrotic range proteinuria associated in
some cases with moderate renal failure. Main histological findings were class
II and III according to Emancipator classification. Lower histological classes
were also the most common finding in a recent survey within European centers
[13] and in the German cohort [15].

Is there anything to do to prevent HSPN/IgAVN?
The unfavorable long-term renal outcome in a significant percent of cases [16]
accounts for the main complication for HSPN/IgAV, especially in younger age.
Pediatricians therefore are often tempted to provide a preemptive treatment
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aimed at avoiding nephritis occurrence, mainly with steroids.
Several schemes of preemptive treatment, mainly based on short-term

courses of oral corticosteroids, have been employed but without a significantly
positive effect in avoiding nephritis occurrence, as demonstrated in a systematic
review in 2009 [17, 18].

KDIGO guidelines published in 2012 (Chapter 11, recommendation
11.3.1) included 5 RCTs with 789 children and did not find any protection
induced by 2–4 weeks of oral steroids from the development of persistent
kidney involvement (microscopic hematuria, proteinuria, hypertension, re-
duced kidney function) at 6 and 12 months. The recommendation therefore
is not to use corticosteroids to prevent HSPN/IgAV with high grade (1B) of
evidence [19••].

A recent randomized placebo controlled trial [20] further demonstrates that
there is no conclusive evidence of the benefit of steroid systematic treatment in
avoiding nephritis occurrence [21].

Table 1. Histology classification of HSPN/IgAVN and IgAN

Class Histological lesion
a. International Study for Kidney Diseases in Children (ISKDC) classification of HSPN/IgAVN

I Minimal histologic alterations

II Pure mesangial proliferation

III IIIa: focal mesangial proliferation with G 50% crescentic glomeruli
IIIb: diffuse mesangial proliferation with G 50% crescentic glomeruli

IV IVa: focal mesangial proliferation with 50–75% crescentic glomeruli
IVb: diffuse mesangial proliferation with 50–75% crescentic glomeruli

V Va: focal mesangial proliferation with 9 75% crescentic glomeruli
Vb: diffuse mesangial proliferation with 9 75% crescentic glomeruli

VI Membranoproliferative-like glomerulonephritis

b. MEST-C classification of IgAN

M M0 mesangial score G 0.5 mesangial cellularity in G 50% of glomeruli
M1 mesangial score 9 0.5 mesangial cellularity in ≥ 50% of glomeruli

E E0 endocapillary hypercellularity absent
E1 endocapillary hypercellularity present

S S0 segmental glomerulosclerosis absent
S1 segmental glomerulosclerosis present
(-) absence of podocyte hypertrophy
(+) presence of podocyte hypertrophy

T T0 tubular atrophy/interstitial fibrosis G 25%
T1 tubular atrophy/interstitial fibrosis 26–50%
T2 tubular atrophy/interstitial fibrosis 9 50%

C C0 cellular/fibrocellular crescents absent
C1 cellular/fibrocellular crescents present in at least 1 glomerulus
C2 cellular/fibrocellular crescents present in 9 25% glomeruli

From Counahan R, Winterborn MH, White RH, Heaton JM, Meadow SR, Bluett NH, Swetschin H, Cameron JS, Chantler C. Prognosis of Henoch-
Schönlein nephritis in children. Br Med J. 1977;2: 11–4; from 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: 1014–1021
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Histology can help in deciding the therapeutic strategy in HSPN/IgAVN?
HSPN/IgAVN in most cases has an acute although extremely variable presenta-
tion, from minimal microscopic hematuria to rapidly progressive renal failure.
Therefore, the treatment options should be tailored and balanced according to
both histology and clinical presentation.

Although the International Study of Kidney Disease in Children (ISKDC)
classified the risk of progression based on the extent of crescents, the predictive
value of long-term outcome of this classification, which takes into account
mainly acute lesions, is questioned. Extracapillary proliferation is a dominant
histologic feature of HSPN, extremely variable upon timing of biopsy and
highly susceptible to healing upon treatment, even in higher classes, while on
the other side, lower grade lesions can also lead to chronic kidney disease when
underestimated and under-treated (Table 1).

A recent French study [22] including 92 children with ISKDC, class II
and variable clinical presentation reported that 25% of the children
remaining proteinuric along follow-up, had higher risk of progression to
chronic kidney diseases as previously demonstrated [16] (see Table 1).
The same study pointed out that ISKDC classification, which does not
take into account morphologic lesions such as interstitial and glomerular
inflammation, tubular atrophy, interstitial fibrosis (IFTA), segmental scle-
rosis, and vascular lesions like arteriosclerosis, may be scarcely predictive
of long-term outcome and of limited value in guiding therapeutic choice.
Several studies in recent years have attempted to extend the Oxford MEST
classification [23, 24], validated for primary IgAN [25••], to selected
cohorts of HSPN/IgAVN either in adults [26] and in children [13, 27]
(Table 1). The need for an updated HSPN/IgAVN histological classifica-
tion that is predictive, reliable, and helpful to establish treatment strate-
gies is presently being addressed by a Global IGAV histological classifica-
tion study including both children and adults (ongoing study with un-
published results).

HSP/IgAVN: once nephritis occurs, steroids or non-steroids?
The extremely heterogeneous clinical presentation of HSPN/IgAV requires ther-
apeutic choices to be based not only on histology but also on renal function and
evolution. In milder cases, with sub nephrotic proteinuria, nephritic syndrome,
or isolated urinary abnormalities, the value of histology in driving therapeutic
choices is debated and the available studies are mainly small cohort studies or
underpowered randomized controlled trials (RCTs), with questionable out-
comes and enrollment criteria. A systematic review [28] pointed out that
“further adequately powered Randomized Controlled Trials (RCT) of short
term prednisone therapy compared with placebo should be considered in
children, who have or develop kidney disease with HSP or have risk factors
for developing kidney disease including older age…..with clearly defined end
points for kidney function (GFR), proteinuria (protein/creatinine ratios or
timed urine collections), microscopic and macroscopic hematuria and hyper-
tension. However recruitment to a placebo controlled RCT may be difficult”.

KDIGO guidelines released in 2012 [19••] produced three recommenda-
tions for the treatment of HSPN in childrenwhichwere quite debated in Europe
and Asia, particularly for the tendency to assimilate HSPN to IgAN, which by
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contrast is usually characterized by a milder, less fulminant, and chronic be-
havior. The first recommendation in KDIGO guideline suggests that children
with persistent proteinuria below 1 g/d/1.73 m2 are treated with ACE or ARBS
for at least 6 months. Even if proteinuria is increasing along time, the recom-
mendation (evidence grade 2D) is still to treat with ACE/ARBS for 6 months. In
the event of persistent proteinuria, it was suggested to treat these cases with a 6-
month course of steroids as in IgAN. This recommendationwas highly debated,
particularly in Europe, where there is a long dating tradition of treatment with
intravenous steroid pulses and immunosuppression in children [29••], aiming
at the complete resolution of crescents and glomerular endocapillary infiltra-
tion, although without controlled ad hoc studies. Delaying a strong anti-
inflammatory treatment may allow the spontaneous evolution of crescents to
sclerotic lesions and potentially favor progression toward chronic kidney dis-
ease. This idea is further supported by a retrospective study which evidenced the
persistence of proteinuria in 25% of children with ISKDC class II nephritis
which was not treated with steroids according to benign histology and low-
grade proteinuria compared with those with nephrotic proteinuria and analo-
gous histology treated with steroids, without significant difference between
pulse intravenous and oral [22] steroid therapy.

The acute explosive onset of HSPN/IgAV is in many cases accompa-
nied by a rapidly deteriorating kidney function associated with crescents
in a high percentage of glomeruli: these cases can be assimilated to
rapidly progressive IgAN or to vasculitis and the treatments suggested
by KDIGO recommendation 11.2 [19••] and usual clinical practice are
derived accordingly.

The advantage of pulse steroids over oral administration has been
investigated in IgAN in an older retrospective cohort [30], which evi-
denced a positive effect of pulses over renal function survival compared
with oral steroids or supportive treatment. No specific trial has ad-
dressed this issue in HSPN/IgAV where the tendency to use pulse ste-
roids is widespread in clinically aggressive cases aiming at a rapid anti-
inflammatory effect. The clinical indication to use pulse steroids in
children is usually anticipated to a lower percentage than the 50%
crescents threshold suggested in KDIGO 2012. In the last release of
KDIGO in 2019 [31••, 32], IgAV is not specifically considered; however,
the need for discussion and update on the schemes of use of ACE
inhibitors and steroids in IgAN is stated.

Immunosuppressive agents in HSPN/IgAVN: when are they necessary? Which options?
According to retrospective series, as the recent CureGN study [33],
including 285 children (112 IgAVN and 173 IgAN) and 382 adults
(49 IgAVN and 333 IgAN), the use of immunosuppressive drugs at
diagnosis is widespread in both children and adults. In IgAVN, cyclo-
phosphamide was used in 16.3% of adults versus 8% of children, which
were more frequently treated with mycophenolate mofetil (20.5% in
children vs 10.2% in adults). Azathioprine was used to a similar degree
in both in children and in adults (8.9% vs 6.1%). In this cohort, adults
affected by IgAVN were more severely affected than children, with lower
GFR, and thus more aggressively treated than children also with steroids
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(85.7% in adults vs 73.2% in children).
Conclusive data on cyclophosphamide efficacy on the survival of renal

function, however, are not available: in children a randomized controlled trial
was not conclusive on long-term protection against chronic renal disease pro-
gression, although a beneficial anti-proteinuric effect was demonstrated [34].
Similar findings have also been observed in adults [35]. KDIGO 2012 guide-
lines included immunosuppressive drugs with a low evidence of efficacy (grade
2D) even in case of deteriorating renal function [19••] and a systematic review
was not conclusive on indications in 2015 [28].

In clinical practice, however, particularly in rapidly progressive cases
or with persistent steroid resistant nephrotic syndrome, some sort of
immunosuppression is widely used, including cyclosporine [36, 37],
tacrolimus [38], and mycophenolate mofetil. Moreover, due to minor
side effects and clinical application to other nephritis types, the use of
mycophenolate mofetil is increasing, and is reported as a successful
alternative to other immunosuppressants as an adjunctive therapy to
steroids, in several case series or cohorts either in both adults [39, 40]
and children [41–44].

In a recent study [42], mycophenolate mofetil (MMF) was introduced
in 18 children as an early second-line therapy within 3 months after
diagnosis of HSP and 1 month after nephritis onset, after steroid pulses
with incomplete response (33.8 ± 47.6 days after the diagnosis of HSPN,
and 21.9 ± 17.5 days after initiation of pulsed methylprednisolone), at
an initial dose of MMF of 800–1200 mg/m2 BSA/day, obtaining pro-
teinuria remission within 3 months without significant side effects.

These authors in accordance with the position already expressed in
[29••] believe that HSPN/IgAV in children is a highly inflammatory and
explosive disease. In such patients, a rapid intervention during the acute
inflammatory phase may allow to completely switch off the process,
favoring complete and permanent healing, avoiding the possible spon-
taneous resolution of crescents and endocapillary infiltrate toward
sclerosis.

Is there a space for rituximab?
The majority of children affected by HSPN/IgAVN respond to steroids and, as
discussed in the previous paragraphs, only in a small percentage is an immu-
nosuppressive drug required, reserved for aggressive cases, steroid resistant or
relapsing disease.

Another option, extrapolated from the positive experience in other types of
vasculitis, is B lymphocyte depleting treatment with rituximab (RTX). After
initial case reports either in adults [45–50] and children [51], small cohorts
are appearing in recent years reporting a positive effect of RTX in inducing
remission in multidrug-resistant or refractory cases and in steroid dependent
[52] cases, without significant side effects. Proteinuria remission, renal function
stabilization, and absence of further relapses were observed in over 90% of
cases. The adopted schemes were variable from 2 pulses of 750–1000mg/m2 to
4 pulses of 375 mg/m2.

Ofatumumab was described as equivalently effective in one case of IgAV
[53].
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IgA nephropathy
IgAN: a wide variety of clinical pictures

Primary IgAN in childhood, evenmore than in adults, has an extremely variable
clinical presentation: occasional finding of isolated microscopic hematuria,
recurrent macroscopic hematuria, and rare cases of rapidly progressive renal
failure, with accordingly different history and outcome [54].

Some Asian countries like Japan have longstanding urinary screening
policies in schools, with timely biopsy of persistent microscopic hematuria
[55, 56] allowing early diagnosis of IgAN, in most cases with initial
histological lesion, facilitating expeditious follow-up. This policy was dem-
onstrated in high IgAN incidence countries to offer sustained advantages in
terms of long-term prevention of chronic kidney disease [55, 57].

Biopsy timing and policy strictly influence the histological findings, subse-
quent history, and outcome: in a recent Japanese work, 201 children received a
renal biopsy after school screening in 65% of the cases within 10 months from
first observation. Active histological lesions were negatively correlated with time
from clinical onset to biopsy, with endocapillary hypercellularity and crescents
significantly more frequent in early biopsies, while biopsies delayed for over
3 years had significantly more sclerotic lesions and a lower percentage of
proliferative active lesions [58, 59••]. The Oxford classification [60••], validat-
ed also in children in different cohorts [24, 61, 62], has allowed the identifica-
tion of histological risk factors for renal outcome, defining sclerotic and tubular-
interstitial lesions as the prominent risk factors for progression independent
from clinical presentation (Table 1).

In children, the most frequent clinical presentation is recurrent macroscopic
hematuria with sub-nephrotic proteinuria, with only slightly reduced renal
function and mild hypertension in the majority of the cases. In such cases, the
dominant lesions have proliferative characteristics—mesangial, endocapillary,
and extracapillary—with formation of crescents.

These highly inflammatory lesions are responsive to treatment with an
elevated possibility to completely reverse the clinical picture at onset.

Indeed, active inflammatory lesions, namely endocapillary proliferation,
were prognostically negative only when no immunosuppressive treatment
was used, in a recent adult cohort [63].

In a large recent study combining the Oxford, VALIGA, and Asian individual
cohorts to more than 3000 patients, crescents were associated with progression
only in untreated cases while any type of therapy was able to reduce the
progression risk. The same pattern was revealed in cases with no crescents [64].

Additionally, another study demonstrated with serial biopsies that
endocapillary hypercellularity, crescents, and necrosis are reversible with the
use of immunosuppression in parallel with clinical improvement defined as
proteinuria remission, reduction of macroscopic hematuria episodes, and renal
function improvement or stabilization [65].

A convincing amount of clinical evidence supports, therefore, the need for
timely biopsies, to identify active proliferative and inflammatory lesions, po-
tentially responsive to treatment with a positive effect on long-term outcome.
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On the other hand, particularly in children with mild clinical and histological
features, IgAN may undergo spontaneous remission: in a Japanese cohort,
55.7% and 74% reached spontaneous remission after 5 and 10 years, respec-
tively, with a recurrence rate of urinary abnormalities in 20% and 32% at 5- and
10-year follow-up [66].

Fig. 1. The multihit model for the pathogenesis of IgA nephropathy with hit addressed therapy with old and new drugs. TLR, toll-
like receptors; APRIL, a proliferation inducing ligand; BAFF, B cell-activating factor; TK inhibitors, tyrosine kinase inhibitors; GdA1,
galactose-deficient immunoglobulin A; IgG anti-GdIgA, immunoglobulin G anti-galactose deficient immunoglobulin A; PAF
inhibitor, platelet-activating factor inhibitor; C3, complement protein 3; C5, complement protein 5; anti-B, anti-complement factor
B.
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Between the fulminant and histologically active cases deserving and in most
cases receiving some type of immunosuppressive treatment and the milder
cases possibly evolving to spontaneous remission, another subpopulation of
children was revealed to maintain milder urinary abnormalities and a smolder-
ing disease through years, with a relentless progression to renal failure over
decades.

Even today, almost 50% of IgAN patients will reach end stage renal failure
before the age of 50 and it is conceivable that the most important part of the
inflammatory damage occurs during childhood or young adulthood.

Table 2. Registered clinical trials from www.clinicaltrials.gov exploring new drugs addressed at different pathogenetic
steps in IgAN

ID Phase Drug Enrolment
no. of
subjects

Mechanism of action Recruitment
phase

NCT03841448 2 Cemdisiran 30 RNA inhibitor of Complement C5 Not yet
recruiting

NCT03762850 3 Sparsentan,
irbesartan

280 Endothelin 1 inhibitor +
angiotensin 1 receptor blockade

Recruiting

NCT03719443 1 VIS649 45 Monoclonal antibody against
B cell growth factor APRIL (a
proliferation-inducing ligand)

Recruiting

NCT02682407 2 OMS721 44 Monoclonal antibody targeting
mannan-binding lectin-associated
serine protease-2 (MASP-2), effector
enzyme of the lectin pathway of the
complement

Recruiting

NCT03608033 3 OMS721 430 Monoclonal antibody targeting
mannan-binding lectin-associated
serine protease-2 (MASP-2), effector
enzyme of the lectin pathway of the
complement

Recruiting

NCT03453619 2 APL-2 48 PEGylated cyclic peptide
inhibitor of complement C3

Recruiting

NCT03366337 2 Bardoxolone
methyl
capsules

100 Nuclear Factor-kB (NF-kB) inhibitor Recruiting

NCT02808429 2 Atacicept 30 Fusion protein blocking the
binding of BLyS and APRIL:
blocks B cell survival and functions

Recruiting

NCT02605525 2 SM101 0 Fc gamma receptor IIB modulators Withdrawn

NCT02384317 2 CCX168
(avacopan)

5 Complement C5a receptor antagonists Completed

NCT03373461 2 LNP023 48 Complement factor B inhibitor Recruiting

APRIL, a proliferation-inducing ligand; MASP-2, mannan-binding lectin-associated serine protease-2; NF-kB, nuclear factor-kb; BLyS, B
lymphocyte stimulator
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Generally, IgAN in children has a progression trend significantly more
benign than in adults. However, considering the long life expectancy of pediat-
ric cases, the prognostic value of histological lesions and even minor clinical
signs should be considered so as not to delay or avoid an effective and poten-
tially corrective treatment.

The rational basis for treatment of IgAN in children: IgAN is an autoimmune and inflammatory
disease

The pathogenesis of IgAN is complex and the most accredited hypothesis is
based on a multihit model. Under the presence of a predisposing genetic
background, the 1st hit is the production of galactose deficient IgA1 (GdIgA1),
able to induce an immunological response with the production of anti-glycan
antibodies (2nd hit) and the resulting formation of circulating IgA1 immune
complexes (3rd hit), which will deposit on mesangial cells (4th hit) inducing
the activation of the local inflammatory cascade, involving also complement
[67–69].

In this multi-step model, therapeutic intervention could be addressed at
these crucial steps, controlling causal infections and antigens as primary stimuli
leading to GdIgA1, abort the immunological mechanisms leading to the for-
mation of anti-glycan antibodies and immune complexes through immuno-
suppression and finally acting on the inflammatory and anti-fibrogenic/
sclerogenic pathways [70].

IgAN in children is different from adults
Considering the long natural history of IgAN with childhood onset, most
frequently caught in a highly proliferative phase, there is a wide consensus on
the need for immunosuppressive therapy more often than in adults, which are
instead frequently observed in the sclerogenic and post-inflammatory phase.

This important difference between children and adults with IgAN should be
taken into due account in interpreting the therapeutic indications in guidelines
[19••, 32] and in different position papers published in the last several years,
after the large steroid trials performed in adults (the STOPIgAN [71••] and the
TESTING trials [72]).

These trials observed an excess of steroid side effects which brought to
debate the value of sustained supportive therapy against steroids in adult IgAN,
although demonstrating a good efficacy of steroids in reducing proteinuria,
which is the undiscussed greatest clinical risk factor for progression [73–76].

The KDIGO guidelines of 2012 suggest also for children to start supportive
therapy with RAS blockers if proteinuria is below 1 g/day/1.73 m2. Cases with
proteinuria above 1 g/day/1.73 m2 should be treated with a 3–6-month course
of RASB if eGFR is stable and above 50 ml/min/1.73 m2, and only in cases with
proteinuria persistently 9 1 g/day/1.73 m2, a course of steroids should be
attempted.

These suggestions were based only on proteinuria, without considering
histology and other risk factors for progression and are therefore questionable
at least for children, where the risk of delaying a potentially disease-modifying
treatment, as steroids, is consistent.

These recommendations in the last controversy of the KDIGO working
group of 2018 [31••] are indicated as requiring revision, which will be possibly
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released in the next years taking into account the trend toward personalized
treatments basing upon modifiable risk factors.

Personalized treatment in IgAN in children: which parameters to consider to decide?
Although serological, immunological, and genetic biomarkers have strong
rationale and a promising future, at present, the lack of standardization and
wide availability leaves the clinician to rely substantially on only clinical and
histological risk factors. Being strictly interconnected, the critical combined
evaluation of both elements is necessary, taking into particular consideration
the potential reversibility of both parameters.

Histology: M1 and S1
The VALIGA study, as previously stated, validated the MEST score as indepen-
dent predictor of outcome in both adults [27] and children [26]. A specific sub-
analysis exploring the effect of steroids/immunosuppression evidenced that
patients paired with the same MEST score treated with steroids and ACE/ARB
inhibitor comparedwith those treated with ACE/ARB inhibitor alone had better
outcome [77].

Interestingly, the effect was particularly significant in cases with
mesangial hypercellularity (Oxford MEST M1) versus non-proliferative
(Oxford MEST M0): in the cohort of children and young adults aged G
23 years, M1 resulted a risk factor but the reduction of proteinuria below
G 0.5 g/day by steroids/immunosuppressive agents blunted the risk. These
data strongly suggest that M1 histology score in children and young adults
represents a risk factor for progression, and that these subjects are those
who mostly may benefit of such agents [78].

These data are further confirmed by a Japanese RCT [79] which demonstrat-
ed, over a long follow-up, that the 10-year probability of renal survival of
children receiving steroids and azathioprine for 24 months was 97.1% vs
84.8%of those receiving only supportive therapy, with a probability of reaching
proteinuria remission after 2 years of 100% vs 84% with supportive therapy.
This RCT enrolled only children with severe mesangial hypercellularity giving
further strength to the value of this histology risk factor, which can confidently
be considered to decide for a steroids/immunosuppressive in children.

Another histology parameter recently critically re-evaluated is glomeru-
lar sclerosis (Oxford MEST S1) [80], with particular attention to podocyte
lesions. Podocyte hypertrophy and/or tip lesions were associated with
higher grades of proteinuria and higher rate of progression if untreated,
and any type of steroid/immunosuppressive treatment significantly im-
proved the outcome at 5 years, compared with no treatment.

These data, confirmed also by a small recent pediatric study [81], introduce
the concept that podocyte lesions may be somehow reversible upon treatment;
therefore, when dealing with children, thorough evaluation of these lesions and
a course of treatment are highly recommendable.

On the other side, a recent retrospective study considered the outcome of an
untreated cohort, including also children, selected for endocapillary prolifera-
tion (Oxford MEST E1): the renal survival at 15 years was less than 20%,
significantly lower than in cases without endocapillary hypercellularity (E0)
[63].
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The side effects of corticosteroids in children in all studies were globally less
severe compared with adults. Considering the long life expectancy, potentially
effective and curative agents should not be denied from children, particularly
when facing with potentially reversible lesions.

Clinical risk factors: blood pressure, proteinuria, and glomerular filtration rate

Hypertension in children is a very strong risk factor
Hypertension is an unanimously considered strong risk factor for progression in
all renal diseases, particularly in children [82] and often underestimated in its
value by general pediatricians.

In the pediatric cohort of the VALIGA study, mean arterial pressure (MAP)
proved as a risk factor for GFR declines [78] stronger than proteinuria.

Referring back to the KDIGO guidelines [19••] and to the results of the
STOP trial [71••], intensive supportive therapy and blood pressure optimiza-
tion with RAS blockers are recommended, with an add-on approach to reach
target MAP normalization and modify this risk factor.

Proteinuria but also hematuria
Proteinuria at onset and at time of biopsy in children has a moderate
predictive value, being possible expression of an acute, reversible inflam-
matory damage. A higher weight was given in adults and children to
persisting proteinuria, expressed as time-averaged proteinuria [83] or to
hypoalbuminemia [84].

To which level proteinuria can be considered satisfactory allowing for
positive prognosis is a matter of debate: a recent Japanese work [85]
demonstrated in children that proteinuria G 1 g/day/1.73 m2 with nor-
mal serum albumin in a long-term follow-up of 25 years is protective
over the decline of renal function, provided a good blood pressure
control. Children with persisting proteinuria over 1 g/d/1.73 m2 and
serum albumin G 3 g/dl had instead at 20 years renal survival lower
than 20%.

The pediatric cohort of the VALIGA study [82] allowed to discrimi-
nate further lower proteinuria levels indicating as a protective target
urine protein excretion of G 0.5 g/d/1.73 m2.

Hematuria is, amongst children, the dominant index parameter for
referral for renal biopsy demonstrating IgAN: its prognostic value, how-
ever, is debated. Recurrent macroscopic hematuria has a recognized
proinflammatory and prooxidant effect, but the difficulty to standardize
the measurement unit produced contradictory results.

In a Spanish cohort [86], the deleterious effect of protracted hema-
turia on the decline of renal function was demonstrated but other
studies have been unable to confirm the value of hematuria as an
independent risk factor.

Although the harming effect of hematuria persistence is not clearly demon-
strated, important attention must be payed to this parameter, taking into
account the co-existence of other risk factors to consider a treatment, especially
in children.
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Immunosuppressants: when are they necessary?
The use of steroid-sparing immunosuppressants in IgAN with persistent pro-
teinuria has been explored primarily with small scale underpowered RCT;
therefore, the largely negative results have led to the widespread opinion,
expressed also by the KDIGO, that unless facing rapidly deteriorating renal
function, the use of immunosuppressants is not recommended, particularly at
GFR of below 30 ml/min.

However, the pediatric nephrology community has gathered substantial
good results upon their use [87] and the Guidelines of The Japanese Society
of Nephrology released in 2016 [88] include specific recommendations ad-
dressing children. They[LP1] recommend with grade B the use of immunosup-
pressive drugs in cases with persistent proteinuria 9 1 g/day/1.73 m2 and severe
histology (Oxford MEST M1, S1 or C1), as a combination therapy for 2 years,
indicating azathioprine as the drug of choice.

Mycophenolate mofetil
The increasing use of MMF in different clinical settings also in children led to an
opening toward its use in the last KDIGO revision [31••] while data on some
RCT are gathered and summated in a recent metanalysis [89].

The global limit of the studies done so far was the observation period of only
6 months, when none of the enrolled children/young adults was able to reach
complete remission of proteinuria [90]. In a single center study in 33 children
[91], MMF resistance was correlated to fibrosis and tubular atrophy, while cases
with milder lesions had a beneficial effect on proteinuria reduction.

The main favorable responses were observed in the Asian population.
Although not supported by strong data, the use of MMF as alternative to
azathioprine in children may be explored in cases of steroid-resistant protein-
uria, due to a minor side effect profile in comparison with cyclophosphamide.

Is there a space for new drugs in IgAN?
Beyond immunosuppressive therapy, new strategies are being explored, ad-
dressing different steps of the pathogenic cascade and possibly based on infor-
mative biomarkers. From a practical point of view, renal histology is still
unavoidable and therapeutic decisions are still primarily tailored upon histo-
logical and clinical data; however, wider availability of pathobiological bio-
markers could allow a hit-addressed therapy targeting earlier steps in the
pathogenesis (Fig. 1).

Mucosal response and B cells priming could be addressed by intestinal
targeted-release steroids as budesonide [92, 93•] and drugs able to modify
toll-like receptor recognition as hydroxychloroquine.

The production and deposition of galactose-deficient iga1 is an interesting
experimental field with direct targeting of the altered glycan step [94], while
several other approaches are being explored to target B cells to limit the
production of anti-IgA IgG antibodies with rituximab, proteasome inhibitors,
anti-B cell activating factor B (BAFF) blisibimod, and spleen tyrosine kinase
inhibitors (fostamatinib) [93•, 95, 96].

A new and promising field is complement inhibition and several
complement-targeting drugs are currently under clinical trial, addressed at both
complement activation, inhibition, and receptor-binding interference (Table 2).
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Other interesting approaches are targeting endothelin (Sparsentan) [97],
limiting mesangial matrix production, and exploring podocyte effective
drugs as bortezomib, amiloride, and platelet-activating factor inhibitors
[98].

Conclusions

The understanding of the pathogenic steps of primary IgAN and
HSPN/IgAVN, timely biopsy and thorough evaluation of individual risk
factors, particularly in children, is of key importance for tailoring the most
appropriate therapy.

The prevalence of proliferative and inflammatory lesions in children indi-
cates the potential benefit of treatments geared towards the complete remission
of the disease.

New therapeutic approaches are being explored acting from the earlier
phases of the pathogenic cascade to the final effectors offering a wide catalog
of options for precise personalized treatment.
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