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Introduction

Summary

Glomerulonephritis is the primary cause of end-stage renal failure in 30-50%
of kidney transplant recipients and recurrence of the initial disease is an impor-
tant determinant of long-term graft outcome after transplantation. Although
renal transplantation remains the best treatment option for patients with end
stage renal diseases in most cases, diagnosis and management of recurrences of
glomerulopathies are critical for the optimization and improvement of long-
term kidney transplant graft survival and provide a unique opportunity to
explore the pathogenesis of native kidney disease. This review aims to update
knowledge for a large panel of recurrent primary and secondary glomerulone-
phritis after kidney transplantation, excluding diabetic nephropathy including
primary focal and segmental glomerulosclerosis, membranous nephropathy,
IgA nephropathy, membranoproliferative glomerulonephritis, lupus, vasculitis
but also less usual secondary nephropathy related to sarcoidosis, AA and AL
amyloidosis, monoclonal immunoglobulin deposition disease, and fibrillary glo-
merulonephritis.

survival and provide a unique opportunity to explore the
pathogenesis of active kidney disease.

Glomerulonephritis is the primary cause of end-stage renal
failure in 30-50% of kidney transplant recipients [1].
Recurrence occurs in up to 20% of renal allograft recipients
[2] and is now considered as an important determinant of
graft survival, after a recent registry study revealed that
biopsy-confirmed recurrence was the third most frequent
cause of graft loss 10 years after transplantation [1].

The diagnosis and management of recurrences of
glomerulopathies are critical for the optimization and

improvement of long-term kidney transplant graft

This review aims to update knowledge for a large panel
of recurrent primary and secondary glomerulonephritis
after kidney transplantation, excluding diabetic nephropa-
thy. We will focus on recent findings obtained with new
immunosuppressive regimens and new approaches to the
treatment of recurrences, but will also consider recent
analyses of transplant outcome in patients with less classi-
cal forms of glomerular disease including amyloidosis,
monoclonal immunoglobulin deposition disease, and
fibrillary glomerulonephritis.
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Primary glomerulonephritis

Primary focal and segmental glomerulosclerosis

Primary focal and segmental glomerulosclerosis (FSGS) is
the most frequently acquired condition leading to end-
stage renal disease (ESRD) in children (NAPRTCS 2004,
annual report) [3-8]. FSGS frequently recurs after kidney
transplantation (20-40%) and such recurrences are asso-
ciated with poor graft survival [9-12]. The pathophysiol-
ogy of primary FSGS remains unclear, but the secretion
of a circulating factor is thought to play a key role in
excessive glomerular permeability. The pathophysiology of
this disease has yet to be fully elucidated, but is thought
to involve at least three types of cells (T cells, B cells and
podocytes) and a circulating factor [13]. Knowledge of
the pathogenesis of this disease has improved in recent
years, but the introduction of new treatments has not
decreased recurrence rates. A T-cell disorder is thought to
be involved, based on the considerable evidence for Th2
cytokine bias in idiopathic nephrotic syndrome (INS). Sa-
hali et al. were the first to report that T cells from INS
patients develop a Th2 phenotype [14]. These findings
were supported by the observation of higher levels of
cytoplasmic IL-13 mRNA in T cells from patients with
relapsing INS than in those from patients in remission
and control patients [15]. Levels of the soluble ST2 pro-
tein (sST2), a marker of Th2 cells predicted to be regu-
lated by c-maf, have been recently investigated in a
population of patients with FSGS recurrence after trans-
plantation [16]. However, despite the evidence for T-cell
dysfunction in INS, treatments targeting T cells (calcineu-
rin inhibitors, anti-CD3, or anti-CD52 antibodies) are
not completely effective for the prevention or treatment
of recurrent FSGS. Evidence of B-cell participation has
also been recently provided, in the form of remission fol-
lowing treatment with rituximab (anti-CD20) [17]. The
presence of a circulating vascular permeability factor
involved in the physiopathology of this disease is high-
lighted by (i) the early recurrence of nephrotic syndrome
after transplantation [18], (ii) the ability of serum from
patients with recurrent FSGS to induce albuminuria in
rats [19], (iii) the occurrence of a transient nephrotic syn-
drome in newborn infants born to women with FSGS,
[20] and (iv) the efficacy with which plasma exchange
and/or immunoadsorption induces remission [21]. How-
ever, the biochemical characteristics of this factor remain
unknown. Its molecular weight is thought to be between
30 and 100 kDa, and Dantal et al. have suggested that it
may form a complex with immunoglobulins [22]. Savin et
al. recently reported that this circulating factor had a high
affinity for galactose and that its activity was entirely
eliminated by passage through galactose affinity columns
[23]. The third player in this complex disease is the
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podocyte. It has been suggested that the circulating factor
and/or immune cells interact directly with podocytes,
inducing a redistribution of slit diaphragm proteins, a
loss of nephrin and/or podocin and effacement of the
foot processes, a hallmark of podocyte injury [24]. The
soluble urokinase-activating receptor (suPAR) has been
recently identified as a potential cause of FSGS [25]. The
authors of this study previously reported that mice lack-
ing urokinase receptor (PLAUR”") were protected against
LPS-induced albuminuria [26]. They reported that con-
centrations of suPAR in the blood were higher in patients
with primary FSGS and, particularly, in patients with
recurrence after transplantation.

Some studies have identified risk factors for recurrent
FSGS in children, including rapid progression to ESRD,
early onset of FSGS and, of course, loss of a previous
graft from recurrent disease, but none of these studies
was able to identify clearly those patients that would or
would not subsequently present with recurrence.

Despite the introduction of new immunosuppressive
regimens, the discovery of cyclosporine and the use of
induction therapies, the incidence of FSGS recurrence has
remained unchanged [27-29]. Treatment for recurrence is
not standardized and the results obtained are variable
[21,27,30-37]. Cyclosporine (CsA) has been found to be
effective, to a certain extent, in children. Indeed, intrave-
nous CsA treatment of FSGS recurrence has been shown
to be associated with a large decrease in proteinuria in
82% of patients, although plasmapheresis (PE) was also
required in some resistant cases [35]. The use of tacroli-
mus to prevent or to treat recurrence has been investi-
gated in several studies, but with inconsistent results
[38,39]. Owing to the presence of a circulating permeabil-
ity factor, most transplant teams evaluate the efficacy of
PE, in which the plasma of the patient is replaced with
plasma from healthy pooled donors, albumin or colloidal
substance. This treatment usually decreases proteinuria
and, in some cases, may lead to complete remission. It is
often difficult to determine when to begin PE, the fre-
quency with which this procedure should be carried out,
its duration and the optimal time at which to stop such
treatment. Most cases of remission are PE-dependent.
Other supportive approaches have also been used, includ-
ing anti-human immunoglobulin affinity immunoadsorp-
tion and tryptophan immunoadsorption [22,40].

We recently conducted a nonrandomized pilot trial of
intensive and prolonged multiple treatments of FSGS
recurrence in adult kidney transplant recipients [41]. As
this complex disease involves systemic immune dysregula-
tion targeting podocytes, we used a strategy of concomi-
tant high-dose steroids and intravenous CsA, not only for
their immunosuppressive properties but also to stabilize
the podocyte cytoskeleton, combined with PE sessions.
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The glucocorticoid receptors present on podocytes have
anti-apoptotic properties in vitro and are able to stabilize
the actin cytoskeleton [42,43]. CsA acts directly on podo-
cytes, by blocking the calcineurin-mediated dephosphory-
lation of synaptopodin and stabilizing the actin
cytoskeleton [44]. We decided to include PE sessions in
the treatment, based on the presence of the circulating
factor. Details of our therapeutic strategy consisted of
high dose of oral steroids (1 mg/kg/day) for the first
4 weeks followed by tapering according to the following
sequence: 0.75 mg/kg/day for 2 weeks, 0.5 mg/kg/day for
2 weeks, 0.25 mg/kg/day for 2 weeks, and 0.2 mg/kg/day
or a maximal daily dose of 10 mg thereafter. We used
14 days of intravenous CsA (2 mg/kg, targeting a blood
level between 200 and 400 ng/mL) followed by oral treat-
ment, targeting C2 levels between 1200 and 1400 ng/mL.
Complete proteinuria remission was achieved in all
patients, a mean of 22.9 £ 6.6 days after diagnosis. All
patients were still in complete remission 3 months after
diagnosis (mean proteinuria 0.16 + 0.09 g/day) and all
but one patient remained in remission at 1 year (mean
proteinuria 0.19 + 0.29 g/day). In the nine patients with
complete remission, PE treatment was gradually tapered
until month 9 and was then stopped. During early and
long-term follow-up (mean 15.8 + 3.3 months), none of
these nine patients suffered a relapse and no serious
adverse event was reported.

Other treatments are available [13]. Indeed, pre-emp-
tive PE has been reported in few studies, but with incon-
sistent results concerning efficacy and no control group
(45].

Rituximab has also been tested in this setting since
2006, but, again, the results obtained have been inconsis-
tent [17,46—49]. Rituximab seems to induce remission in
about 50% of cases, but certain questions remain unan-
swered. It remains unclear, for example, when the infu-
sion should begin: as an induction therapy or at the time
of recurrence? It is also unclear how many infusions
should be administered, given that the depletion of circu-
lating B cells is not always correlated with lymphoid
organ depletion. The long-term side effects of this treat-
ment also remain unknown. No consensus has yet
emerged, and double-blind studies are required to deter-
mine the therapeutic potential of Rituximab. It has been
recently suggested that Rituximab may act directly on
podocytes [50].

The B7.1 costimulation molecule is normally expressed
on antigen-presenting cells and B cells. Reiser et al
recently reported the expression of B7.1 on podocytes
and its possible upregulation in many proteinuric states
[51]. The significance of the presence of this molecule is
not clearly understood and remains a matter for specula-
tion. No published study has ever evaluated the blockade
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of this costimulation pathway for the treatment of FSGS
recurrence. TNFoo mRNA upregulation in macrophages
has been reported to precede the development of nephro-
tic syndrome in Buffalo/Mna rats [52]. Furthermore, high
TNFo. mRNA levels have been found in mononuclear
cells from patients with FSGS [53]. Anti-TNFo treatment
was recently tested in a child with resistant recurrent
FSGS; it induced transient complete remission, but every
relapse was sensitive to anti-TNFo infusion [54]. In
agreement with Savin’s findings [23], both this and
another group reported a significant decrease in protein-
uria following the administration of galactose in conjunc-
tion with other treatments [55]. A clinical trial
(NCT00098020) is currently recruiting patients for evalu-
ations of the treatment of primary FSGS in native kidneys
with galactose. Galactose has an excellent safety profile
and is thus a potentially interesting candidate treatment.

Membranous nephropathy

Idiopathic membranous nephropathy (MN) leads to an
end-stage renal disease in almost 40% of patients [56].
The frequency of recurrence after transplantation is vari-
able. Indeed, recurrence has been reported to occur in
7-44% of patients and most studies have found that
recurrence was associated with a reduced allograft survival
rate [1,57-59]. This high degree of variability in reported
recurrence rates can be accounted for principally by the
use of biopsies for surveillance. Indeed, Dabade and
coworkers reported histologically, documented recurrence
in up to 42% of patients attending a center at which pro-
tocol biopsies were carried out after transplantation [60].
They observed that histologic MN recurrence was not sys-
tematically associated with the presence of proteinuria,
highlighting the importance of these biopsies for the
detection of recurrence. The occurrence of de novo MN
in a transplanted kidney that is indistinguishable from
idiopathic MN represents a particular case. However,
de novo MN tends to occur after a longer time interval
than the recurrence of idiopathic MN [61]. Recent find-
ings concerning the pathophysiology of MN have
improved our understanding of this disease. There is now
evidence to suggest that MN is triggered by antibodies
directed against podocyte proteins. The first antigen iden-
tified, the neutral endopeptidase (NEP), was discovered a
few years ago [62]. This particular alloantigen has been
implicated in neonatal cases of MN in infants born to
NEP-deficient mothers. The second antigen to be identi-
fied was the M-type phospholipase A, receptor (PLA,R1),
which is normally expressed in podocytes and was the first
antigen responsible for idiopathic MN to be identified in
adults [63]. Antibodies directed against this receptor have
been observed in 70% of patients with idiopathic MN.
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Serum anti-PLA,R1 antibody levels have been linked to
disease activity in native kidneys. Beck and coworkers
observed that changes in antibody levels because of Ritux-
imab treatment preceded changes in proteinuria [64]. The
situation is somewhat more complex after transplantation.
A first clinical observation reported a correlation between
autoantibody levels and proteinuria, suggesting that the
titer of anti-PLA,R1 antibodies might be predictive of
recurrence [65]. However, a larger study performed by
Debiec and coworkers showed marked heterogeneity in
antibody kinetics and titers, resulting in a low predictive
value for recurrence [61]. This discrepancy between the
development of MN in native and transplanted kidneys
may result from conformational epitopes exposed or
genetically determined in the donor. Many treatments for
recurrent MN have been tested, with various results. The
recent confirmation of an autoimmune process mediated
by B cells has led to the use of Rituximab in this setting,
for the treatment of both native and transplanted kidneys.
This drug has been tested in several studies and has been
shown to be associated with a high rate of remission
[66,67]. However, although Rituximab therapy resulted in
a gradual decrease in proteinuria, the histologic changes
did not become detectable until several months after
treatment [66].

IgA nephropathy

IgA nephropathy (IgAN) was first described in the 1960s,
by Berger et al, and has since been recognized as the
most frequent primary glomerulonephritis, leading to
ESRD in up to 50% of patients [68]. IgAN accounts for
10-20% of the patients in renal transplant programs [69].
The pathophysiology of this condition remains poorly
understood, but its recurrence after transplantation has
provided evidence for a systemic disease. Moreover, kid-
neys from donors with IgA deposition but no IgAN
events are cleared of IgA deposits shortly after transplan-
tation into recipients with diseases other than IgAN, pro-
viding evidence for both a systemic process and a local
process in the kidney. The pathophysiology of IgAN
involves the synthesis of an aberrantly glycosylated IgAl,
the formation of immune complexes with IgG antibodies
directed against this abnormally glycosylated IgA1 and the
binding of these complexes to mesangial cells, leading to
the recruitment of molecular pathways [70]. A recent
genome-wide association study (GWAS) identified five
susceptibility loci for IgAN [71]. Patient and allograft sur-
vival rates for IgAN patients undergoing transplantation
are much better than those for transplant recipients with
diseases other than IgAN [1]. Recurrence is frequent,
occurring in 20-60% of patients [72,73]. This variation in
reported recurrence rates may be accounted for by the
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biopsy policy of the center, with the asymptomatic recur-
rence of IgAN in the transplant frequently being detected
in protocol biopsies. It may also be accounted for the
duration of follow-up and racial disparities in the distri-
bution of IgAN. No factors predictive of recurrence have
yet been described. It has been recently suggested that
induction regimen with antithymoglobulin may modify
recurrence rates [74]. Furthermore, maintenance of ste-
roids regimen may reduce the risk of recurrence [75].

Membranoproliferative glomerulonephritis

Membranoproliferative glomerulonephritis (MPGN) refers
to a specific histologic pattern of glomerular injury char-
acterized by glomerular mesangial expansion because of
an expansion of the matrix and an increase in cellularity.
Mesangial and subendothelial immune deposits are
observed, with various degrees of cellular interposition, in
the capillary wall, and new basement membrane synthesis
results in the duplication or splitting of glomerular base-
ment membranes. There are three principal types of
MPGN. Type I is characterized by subendothelial deposits
of 1gG and C3 or isolated C3 deposits; type II, also called
dense deposit disease (DDD), is characterized by electron-
dense deposits within the lamina densa of the glomerular
basement membrane; type III, which is very rare, is char-
acterized by subendothelial, mesangial, and subepithelial
IgG and C3 deposits.

MPGN type I may be idiopathic or secondary to various
diseases, including autoimmune diseases and hepatitis C.
MPGN recurrence rates after transplantation are highly
variable (27-65%), probably because of the small number
of patients concerned, the presence of different disease sub-
types, and the diagnosis of recurrence on clinical grounds
rather than through surveillance biopsies [76-78]. More-
over, recurrence may occur at any time from 1 week to sev-
eral years after transplantation [76-78]. Recurrence is
associated with poor allograft survival rates [1,78].

MPGN type II often results from uncontrolled alterna-
tive complement pathway activation, frequently leading to
ESRD. Recurrence rates after transplantation are close to
100%, and recurrence is associated with a lower rate of
allograft survival [79]. In this particular setting, ecu-
lizumab may represent a potential therapeutic drug [80].

Secondary glomerulonephritis

Systemic lupus erythematosus

The reported incidence of SLE recurrence after renal trans-
plantation ranges between less than 5% and 54% [81-86]. In a
large retrospective study based on the UNOS database, Con-
treras et al. showed that 167 of 6850 (2.44%) recipients with
SLE suffered a recurrence after renal transplantation [82].
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However, Norby et al. reported that 54% of patients had
biopsy-proven recurrence, in a study based on protocol
biopsies. In this study, most patients with recurrence had
no marked clinical or biological signs and the renal lesions
identified on renal biopsy examination were of class I or II
according to the standard classification [86]. A wide spec-
trum of glomerular lesions has been described in renal allo-
grafts from patients with SLE, suggesting that different
mechanisms of glomerular injury may be involved in SLE
recurrence [87]. In a recent pathological study of 220 lupus
nephritis patients undergoing kidney transplantation,
recurrent disease was demonstrated in 11% of patients and
mesangial lesions constituted the predominant pattern of
renal injury in the engrafted kidney [81]. Renal signs of SLE
recurrence generally include mild proteinuria, associated
with microscopic hematuria and acute renal impairment in
some patients. Extrarenal signs related to the clinical activ-
ity of SLE may be associated with renal symptoms. The risk
factors for recurrence identified in the study by Contreras
included being black, but nonhispanic, female under the
age of 33 years [82]. Patient receiving kidneys from living
donors seem to have a higher risk of recurrence [86].

The effect of SLE on graft outcome remains a matter
of debate. In the study by Grimbert, none of the patients
presented a loss of the kidney graft directly because of
recurrent disease and actuarial graft and patient survival
rates in SLE patients were not significantly different from
those in the matched control group [84]. Long-term (15-
year) death-censored graft survival did not differ signifi-
cantly between the SLE and control groups in the study
by Moroni [85]. The recurrence of lupus nephritis has
been described as relatively benign, with no effect on graft
function [81], and Contreras et al. found that only 7% of
graft losses were directly related to SLE recurrence [82].
Conflicting results were reported for a large multicenter
study in which 1-year graft survival was significantly
poorer in SLE patients undergoing transplantation than
in the control group [88]. Chelamcharla et al. reported
similar results for graft survival, with a mean follow-up
period of 4.7 years (+2.4 years) [89].

Most studies have shown patient survival to be similar
to that for kidney allograft recipients with other underly-
ing diseases [82,84,85]. However, one study reported that
patient survival was significantly lower in SLE patients
undergoing transplantation than in patients undergoing
transplantation for diabetic nephropathy [89]. Another
study reported excess cardiovascular mortality in patients
with SLE undergoing transplantation [86].

Antiphospholipid syndrome

Antiphospholipid syndrome (APS) is an autoimmune dis-
ease characterized by the presence of a heterogeneous
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group of antiphospholipid antibodies (APA), thromboem-
bolic complications of the venous, arterial or capillary
vasculature and/or fetal loss during pregnancy [90]. The
correlation between APA detection and clinical events is
inconsistent, depending on clinical events. Anti-phospha-
tidylserine/prothrombin antibodies, anti-f3,-glycoprotein I
antibodies (anti-B,GPI antibodies) and lupus anticoagu-
lant antibodies are the best indicators of an increase in
the risk of thrombosis, whereas aCL antibodies are less
reliable for predicting clinical events [91,92].

APS is the most common cause of acquired thrombo-
philia and may be primary or secondary to another auto-
immune disorder, such as SLE in particular. Whether
primary and secondary, APS is associated with specific in-
trarenal vascular changes characterized by fibrous intimal
hyperplasia, focal cortical atrophy, and thrombotic micro-
angiopathy [93,94]. This APS nephropathy impairs kidney
function and may ultimately lead to ESRD. However, iso-
lated APA, principally because of low titers of aCL anti-
bodies, have been found in 1-5% of asymptomatic
individuals, and its prevalence may be even higher in sev-
eral chronic diseases, such as infections, cancers or ESRD
for which there is no clear evidence of an increase in sus-
ceptibility to thrombosis [95-97]. For instance, aCL anti-
bodies have been found in up to one-third of
hemodialysis patients [98].

Only a few studies of cohorts limited by the number of
available patients have explored the early post-transplant
outcome of recipients with genuine APS. These studies
have shown that APS patients are prone to arterial and
venous thrombosis, which may affect large allograft ves-
sels. In addition to graft-vessel thrombosis and periopera-
tive bleeding, APS patients are faced with two major
threats after renal transplantation: surgery-triggered cata-
strophic antiphospholipid syndrome and the recurrence
of APS nephropathy. Moreover, the post-transplantation
consequences of APA in patients with no symptoms
before transplantation remain unclear. This led us to per-
form a single-center retrospective nested case—control
study, to assess the long-term clinical effects of APS and
the histologic changes in the allograft observed in proto-
col biopsies carried out on candidates for renal transplan-
tation with either confirmed APS or the presence of
APAs, principally LA [99]. At the time of transplantation,
APAs were found in 37 patients (2.7% of the total popu-
lation), 12 of whom satisfied the criteria for primary
(n = 3) or secondary (n =9) APS before transplantation.
Allograft survival and post-transplant survival rates were
significantly lower in patients with APA than in a
matched control group. This high mortality rates
recorded resulted from a high frequency of thrombotic or
hemorrhagic complications or catastrophic antiphospholi-
pid syndrome-related multiple organ failure. The overall
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thrombotic complication rate after transplantation was
higher in APA+ patients than in controls. We also found
that the presence of LA was associated with a faster pro-
gression of chronic vascular changes during the first year
after transplantation. These early-onset vascular lesions
probably contributed to the significantly faster decline of
measured glomerular filtration rate (mGFR), recorded at
3 and 12 months, in LA+ patients than in controls.

ANCA-associated vasculitis

Crescentic glomerulonephritis related to the presence of
antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis is a major cause of end-stage renal failure. A
pooled analysis of published data reported a relapse rate
of 17.3% in 127 patients undergoing kidney transplanta-
tion for ANCA vasculitis [100]. The average time to
relapse was 30.9 months (range 4-89 months). Recurrent
disease occurred in 21 patients and was demonstrated by
renal biopsy in 12 cases; by contrast, vasculitis relapse was
exclusively extrarenal in 10 patients [100]. In a more
recent study, in the era of modern immunosuppression,
Gera et al. reported an incidence of relapse (without renal
injury) of 9%, with no apparent negative effect on allo-
graft function [101]. A higher incidence of relapse
(36.8%), after a mean of 45 months, was reported in a
single-center study of 19 patients [102]. In a retrospective
multicenter study, the relapse rate was estimated at 0.02
per patient-year in 85 patients undergoing renal trans-
plantation for ANCA vasculitis [103]. No clear risk fac-
tors for vasculitis recurrence have emerged from these
previous studies. Nachman et al. found that the incidence
of relapse was similar in patients with Wegener granulo-
matosis and in those with microscopic polyangiitis
(20.4% vs. 15.7%, P =0.62) and did not depend on
ANCA pattern (recurrence rates of 20% in the cANCA
subgroup and 17.2% in the pANCA subgroup, P = 0.99).
Moreover, the presence of circulating ANCA at the time
of kidney transplantation seemed to have no effect on the
risk of recurrence [100], although severe, early recurrence
has been reported in patients with high ANCA titers
before kidney transplantation [104,105]. In the study by
Geetha et al., no association with recurrence was found
for ANCA subtype, disease category, and duration of
remission before transplantation [103]. Most previous
studies found that graft and patient survival rates were
not significantly lower in recipients with ANCA vasculitis
than in control groups [102,103]. Thus, actuarial 10-year
patient survival was reported to be 87% and death-cen-
sored graft survival was reported to be 84% in the study
by Moroni [102]. In the study by Briganti et al., graft loss
directly related to relapse of ANCA vasculitis had
occurred in only 7.7% of patients at 10 years [1]. Little
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et al. reported an overall graft survival of 70% at 10 years,
for 107 patients with ANCA vasculitis undergoing kidney
transplantation [106]. In this recent study, the presence
of circulating ANCA at the time of kidney transplantation
was significantly associated with vascular lesions, but not
with graft loss. Multivariate analysis demonstrated fre-
quently higher frequency of death in transplant recipients
with less than 1 year of postvasculitis remission [106].
These results strongly suggest that it is advisable to wait
for a full year after the achievement of complete remis-
sion of vasculitis before carrying out kidney transplanta-
tion. Patients with relapses in the renal allograft generally
present acute or subacute allograft dysfunction associated
with crescentic necrotizing glomerulonephritis detection
on a biopsy specimen from the graft [104,105]. The opti-
mal therapeutic management of vasculitis recurrence
should probably include a combination of cyclosphospha-
mide and steroids. Additional PE may also be advisable
in cases of severe renal dysfunction [104,105,107]. Geetha
et al. recently reported a favorable outcome for two
patients with ANCA-associated vasculitis relapse treated
with Rituximab [108].

Anti-glomerular basement membrane (GBM) disease

Recurrent anti-GBM disease in the renal allograft seems
to be a very rare in kidney transplant patients whose anti-
GBM antibody levels have been below the detection
threshold for at least 12 months [109]. None of the 10
patients undergoing transplantation for anti-GBM disease
displayed recurrence in the graft within a mean follow-up
period of 62 months [110]. According to previous case
reports, the mean time interval from transplantation to
recurrence is 5 months to 12 years [111]. Renal biopsy
specimens typically show crescentic glomerulonephritis on
histologic analysis. The treatment protocol for recurrent
GMB disease should include PE, steroid pulses, and cyclo-
phosphamide, as usually proposed for anti-GBM disease
in native kidneys. Improvements in the function of kid-
ney grafts have been reported with this protocol [111],
whereas graft loss occurred in one patient treated with
steroids alone [112]. Recurrent anti-GBM disease should
be distinguished from de novo anti-GBM disease, which
has been reported to occur in some patients with Alport
syndrome. In this situation, the formation and linear
deposition of anti-GBM antibodies results from exposure
to neoantigens in the kidney graft [113,114].

Henoch-Schonlein purpura nephropathy

Henoch-Schonlein nephritis (HSN) is a small-vessel vas-
culitis characterized by granular deposits of immunoglob-
ulin A in the mesangium, leading to end-stage renal
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disease in some patients. In 1994, Meulders et al. esti-
mated that the risk of HSN recurrence at 5 years was
35% [115]. In this study, graft loss resulting directly from
recurrence occurred in 11% of cases. Recent studies have
extensively evaluated the outcome of HSN after renal
transplantation with current immunosuppressive proto-
cols. The overall rate of HSN recurrence at 10 years was
found to be 15.4% in 20 Korean patients [116]. Han et al.
reviewed published cohort studies relating to kidney
transplantation in HSN patients and calculated the overall
incidence of recurrence at 29.4%, although the length of
the follow-up period was not accurately stated in most
studies [116]. Kanaan et al. showed that the actuarial risk
of clinical recurrence was 11.5% at 10 years and the actu-
arial risk of graft loss directly related to recurrence was
7.5% at 10 years, in 43 patients undergoing transplanta-
tion for HSN [117]. Thervet et al. showed that the recur-
rence of histologic features of HSN, identified on
protocol biopsies, was common (61% of grafts after a
mean of 24 months) [118]. They also found that mean
GFR was similar in patients with and without biopsy-pro-
ven HSN recurrence. In a matched retrospective cohort
study based on the analysis of 339 HSN recipients from
the UNOS database, the frequency of graft loss related to
HSN recurrence was estimated at 13.6% [119]. In this
study, renal graft survival at 10 years did not differ signif-
icantly between the HSN group and patients undergoing
transplantation for IgA nephropathy (58.4% and 59.3%,
respectively). The risk factors for recurrence have been lit-
tle studied. The time interval between the achievement of
complete remission and transplantation, the time from
disease onset to the occurrence of ESRD, immunosup-
pressive regimen and type of donor seem to have no
influence on the risk of recurrence [115-117].

AA amyloidosis

Kidney transplantation is probably the best treatment
option in patients with ESRD because of AA amyloidosis.
Conflicting results for graft and patient survival have been
published for patients with this disease. In a retrospective
study, Sherif et al. found that graft and patient survival
were similar in 23 recipients of kidneys from live donors
and a control group [120]. By contrast, patients with AA
amyloidosis were found to have significantly lower graft
and patient survival than the control group in another
study [121]. We recently performed a multicentrer retro-
spective study to determine both graft and patient out-
come in 59 patients with AA amyloidosis undergoing
transplantation [122]. We found that AA amyloidosis was
significantly associated with a 10-year decrease in patient
survival (61.7% vs. 83.4%, P = 0.013), whereas 10-year
death-censored graft survival did not significantly differ
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between the AA amyloidosis group and the matched con-
trol group (77.5% vs. 71.3%). The incidence of AA amy-
loidosis recurrence in the graft was found to be 14%.
Multivariate analysis demonstrated a significant associa-
tion of the risk of death with AA amyloidosis recurrence
in the graft and with older age of the recipient. One study
has suggested that colchicine treatment may prevent the
recurrence of AA amyloidosis in the graft, in patients
with familial Meditererranean fever [123]. Further studies
are required for definitive determination of the incidence
of recurrence through protocol biopsies and to investigate
the potential value of serum amyloid A concentration
screening for predicting recurrence, as demonstrated for
native kidneys [124].

AL amyloidosis

AL amyloidosis is a multisystemic disease characterized
by the deposition, in some tissues, of immunoglobulin
light chain as insoluble fibrils, leading to progressive mul-
tiple organ dysfunction. In past decades, patients with
ESRD related to AL amyloidosis have not been considered
for kidney transplantation because of the shortage of
organs, the lack of curative treatment to prevent extrare-
nal progression of the disease and the high rates of recur-
rence of AL amyloidosis in the graft. However, recent
advances in the therapeutic management of AL amyloido-
sis have greatly increased patient survival, raising ques-
tions about the possible benefits of kidney transplantation
in these patients [125,126]. In 2005, Leung et al. demon-
strated the feasibility of sequential living-donor kidney
transplantation and autologous stem cell transplantation
(ASCT) in carefully selected patients with chronic renal
failure related to AL amylodosis [126]. These findings,
subsequently confirmed in other studies, suggest that the
eligibility criteria for organ transplantation in patients
with severe cardiac and/or kidney involvement should be
reconsidered. We recently demonstrated the feasibility of
combined heart and kidney transplantation in a patient
with severe heart and kidney involvement because of AL
amyloid deposits [127]. In a recent UK survey, Satt-
ianayagam et al. reported l-year and 5-year patient sur-
vival rates of 95% and 67%, respectively, in 22 patients
undergoing kidney transplantation for AL amyloidosis
[128]. Nineteen of these patients underwent chemother-
apy or ASCT before kidney transplantation, resulting in a
significant clonal response in 14 of the 15 evaluable
patients. No graft loss because of AL amyloidosis was
observed in any of the patients, after a median follow-up
of 4.8 years. In another study, three groups of patients
(n =19) were defined on the basis of specific treatments
for AL amyloidosis (ASCT after (group 1) or before
(group 2) kidney transplantation and kidney transplanta-
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tion performed after the achievement of complete remis-
sion within nonmyeloablative therapy (group 3)) [129].
Overall patient survival was similar in the three groups,
and 79% of the patients studied were still alive after a
median follow-up of 41.4 months. The causes of death in
the other patients included infectious complications and
cardiovascular events. Protocol biopsies led to the diagno-
sis of a recurrence of amyloidosis in one patient from
group 2 and one patient from group 3. These studies
highlight the feasibility of renal transplantation in selected
AL amyloidosis patients with sustained complete remis-
sion of the hematological disorder [130].

Monoclonal immunoglobulin deposition disease (MIDD)

MIDD is a rare plasma cell dyscrasia characterized by the
deposition of immunoglobulin chains (mostly light
chains), leading to a gradual change in organ function.
Renal involvement, leading to ESRD, is a frequent com-
plication of MIDD and has a poor prognosis [131].

Kidney transplantation has been performed in rare
selected cases of ESRD related to MIDD.

The recurrence of light chain deposition disease
(LCDD) seems to be frequent after kidney transplantation
and is frequently associated with graft failure [132-134].
In the largest study carried out to date, five of seven kid-
ney graft recipients (71%) displayed a recurrence of light
chain deposition disease in the graft after a mean of
33.3 months (range 2-45 months) [133]. Four of the
patients with recurrent disease had died by the end of the
follow-up period and overall graft survival in the seven
patients was estimated at 37.3 months.

No standard treatment for the prevention or treatment
of recurrence in the graft is currently available. Kidney
transplantation should therefore probably be reserved for
patients considered to be in sustained remission, with
light chain production controlled by drugs and/or ASCT
[135,136]. Rituximab treatment has been reported to be
beneficial, preventing or delaying LCCD recurrence in
grafts [137]. Bortezomib, a reversible proteasome inhibi-
tor widely used in the curative treatment of plasma cell
dyscrasia, including LCDD, may be a promising treatment
for LCDD recurrence [138].

Fibrillary glomerulonephritis

Fibrillary glomerulonephritis (FGN) is a rare glomerular
disease characterized by the deposition of fibrillary struc-
tures in the glomeruli, leading to a nephrotic syndrome
and chronic renal impairment, which is rarely observed in
the context of the underlying malignancies and plasma
cell dyscrasia [139]. A few case reports have described the
recurrence of FGN after renal transplantation [140,141].
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In the study by Samaniego et al., FGN recurrence was
observed in 43% of cases, in patients with relatively stable
renal allograft function [142]. In a more recent survey
including protocol biopsy, Czarnecki et al. showed that
recurrence was more frequent in patients with FGN asso-
ciated with monoclonal gammopathy (five cases), occur-
ring between 3 and 87 months after transplantation
[143]. As reported for recipients with LCDD [133], graft
and patient survival were poor in patients with FGN
related to plasma cell dyscrasia [143]. Thus, as previously
described for patients with AL amyloidoisis and LCDD,
kidney transplantation should be offered to patients with
FGN after complete remission of the hematological disor-
der has been achieved.

Conclusion

Improvements in long-term allograft survival have
resulted in an increase in the importance of recurrence as
a significant contributor to late graft loss. Large amounts
of data are now available for the spectrum of primary
and secondary glomerulopathies, for incidence, risk factor
and the effect of recurrence on graft outcome, but there
is still a lack of prospective studies of the treatment of
recurrent glomerulonephritis. Such studies will probably
require a cooperative multicenter approach. Recent
reports of beneficial effects of Rituximab in cases of
recurrent FSGS highlight the value of the “transplant
model” for improving our understanding of the patholog-
ical or immunological mechanisms involved in primary
disease.
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