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Abstract

Background: Recurrence of primary glomerulonephritis in the post-transplant period has been described

in the literature but the risk remains poorly quantified and its impact on allograft outcomes and implications
for subsequent transplants remain under-examined. Here we describe the rates and timing of post-transplant
glomerulonephritis recurrence for IgA nephropathy, focal segmental glomerulosclerosis, mesangiocapillary GN
and membranous GN based on 28 years of ANZDATA registry transplant data.

Methods: We investigated the rates of GN recurrence and subsequent graft outcomes in 7236 patient from

28 years of ANZDATA transplant registry data. Data were analysed in R, using Kaplan Meier Survival analysis

and adjusted analyses performed using Cox Proportional Hazards methods. A competing risk model was also
analysed.

Results: GN recurrence occurred in 10.5% of transplants and was most common in mesangiocapillary GN.
Median time to recurrence was shorter for FSGS compared to IGAN. GN recurrence was less common in
patients over 50 years of age and after unrelated kidney donation. We identified a significantly higher risk of
recurrence in secondary grafts following recurrence in a primary allograft for FSGS (RR 5.70, 95 Cl: 2.41-13.5,
p <0.001) but not IGAN, MCGN or MN. At 10 years, recurrence occurs in 8.7, 10.8, 13.1, and 13.4% of allografts
for FSGS, IGAN, MCGN and MN respectively. In all GN, recurrence significantly reduced death censored graft
survival at 5 and 10 years.

Conclusions: GN recurrence occurs in a minority of patients at a significantly different rate for each GN. After a
recurrence, there is no evidence for an increased risk of further recurrence in a subsequent graft except in FSGS.
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Background

Glomerulonephritis (GN) is a major cause of end stage
renal failure (ESRF) [1]. It represents the primary cause
of end stage renal disease (ESRF) for 25% of the dialysis
population [1] and 45% of the transplant population
(Table 1). For patients with GN requiring renal replace-
ment therapy, kidney transplantation is associated with
superior outcomes compared with dialysis [2]. However,
recurrence of GN is reported in 6-20% [3—8] of renal
allograft recipients depending on duration of follow-up
[5], local protocol biopsy practice, and type of primary
GN [9]. Furthermore, recurrence of GN has a negative
impact on long term graft outcomes with recurrence
being the third most common cause of allograft loss
after chronic rejection and death [3, 4].

The risk of recurrence and its impact on outcomes
are important questions for patients and clinicians in
considering transplantation. It is unclear how GN re-
currence in a first allograft impacts the risks of recur-
rence and graft survival in subsequent kidney
transplants. To determine the consequences in subse-
quent kidney allografts we examined the incidence
and timing of allograft loss due to biopsy-proven re-
currence of GN from the Australia and New Zealand
Dialysis and Transplant registry (ANZDATA), evaluat-
ing risk factors for allograft loss and the impact of
GN recurrence in first kidney allografts on subse-
quent kidney transplants based on 28 years of trans-
plant registry data.

Methods

Study population

Data were extracted from ANZDATA for all renal allo-
grafts transplanted for patients with a biopsy proven
GN between 1985 and 2013 within Australia and New
Zealand. Transplants included first, second, or
subsequent transplants. In analyses of “Primary Glom-
erulonephritis” we included only patients with IgA Ne-
phropathy (IGAN), Focal Segmental Glomerulosclerosis
(FSGS), Membranous Nephropathy (MN) and Mesan-
giocapillary Glomerulonephritis (MCGN), excluding
“Other GN”. All data is reported annually by individual
units and the diagnosis of GN is determined by individ-
ual units.

Outcomes

Primary end points were recurrence of GN and death
censored allograft loss until December 2013. Recur-
rence of GN is reported by individual units with the
date of the biopsy. Death censored allograft loss is
defined by the need to commence renal replacement
therapy by dialysis or repeat kidney transplantation.
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Statistics

All statistical analyses were carried out in R [10].
Baseline characteristics among groups were assessed
using Pearson’s chi-square test and one way ANOVA.
Significance of non-parametric data was assessed by
Mann-Whitney U and categorical data by x> Survival
analyses were performed in R, using the Surv func-
tion from the survival library [11] and the npsurv
and survplot functions from the rms library [12].
Graphs are plotted with 95% confidence intervals.
Cox proportional hazards ratios are calculated using
the coxph function from the survival library, with
testing of assumptions in cox.zph. The Cox model
included donor category, age category, dialysis vin-
tage, peak PRA, gender, recurrence, and total ische-
mic time. A time interaction variable was introduced
for GN recurrence in the cox model for death cen-
sored graft survival.

Results

A total of 16,023 kidney transplants were performed
during the period 1985-2013 of which 7236 (45.16%)
were attributed to biopsy-proven GN. As expected,
the majority of transplants performed for GN within
this period were primary allografts (1= 6475, 89.5%)
followed by secondary (n =686, 9.5%) and subsequent
allografts (n =75, 1%). Median follow up was 6.1 years
(IQR 2.46-11.47). Baseline demographics are sum-
marised in Table 1.

Incidence and time to post-transplant glomerulonephritis
recurrence

GN recurrence occurred in 511 (7.06%) of any kidney al-
lografts in patients with GN within the follow-up period.
In GN attributed to a primary GN (IGAN, FSGS, MN or
MCGN) there were 424 recurrences from a total of 4025
transplants (10.5%). Overall, recurrence in either primary
or secondary allograft was highest for MCGN (15.52%)
followed by MN (12.30%) and lowest in Other GN
(2.71%) (Table 2).

Primary allograft recurrence was highest for MCGN
(n=48, 16.6%). In comparison to previous reports,
FSGS was reported with the lowest recurrence rates
(n =101, 10.4%). For second allografts recurrence was
greatest for FSGS (19.3%) followed by MCGN (10.9%)
(Table 2).

To determine whether time to recurrence differed by
GN, we examined recurrence free survival in any allo-
graft for each GN (Fig. 1.) When compared with IGAN,
recurrence of FSGS and MCGN occurred with signifi-
cantly shorter median times to recurrence (0.56 vs 4.63
years, FSGS vs IGAN, p<0.0001, 1.87 vs 4.63 years,
MCGN vs IGAN, p =0.0003) (Table 3). Recurrence rates
at 5 and 10 years are shown in Table 4.
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Fig. 1 Recurrence free survival for each disease category

Recurrence of FSGS in a primary graft increases risk of
recurrence in a subsequent graft

We then examined the implication of GN recurrence in a
first allograft for risk of recurrence in a subsequent trans-
plant. We compared rates of recurrence in secondary
grafts between patients with or without recurrence in their
primary kidney allograft. FSGS has a significantly higher
risk of recurrence in secondary grafts after a prior recur-
rence (RR 5.70, 95 CL: 2.41-13.5, p < 0.001) (Table 5). Re-
currence in a primary allograft was not associated with
increased risk of recurrence in subsequent kidney allo-
grafts in IGAN (RR: 1.24, 95 CI: 0.53-2.91, p=0.62) or
MCGN (RR: 1.79, 95 CIL: 0.37-8.63 p=0.5) (Table 5).
Therefore, recurrence in primary kidney allografts is asso-
ciated with increased risks of recurrence in secondary
allografts for patients with FSGS, but not IGAN nor
MCGN.

Table 3 Number of patients with documented time to
recurrence. Time to recurrence in Years

GN recurrence reduces kidney allograft survival

To estimate the effect of recurrence on allograft survival,
we examined survival in kidney allografts with or with-
out recurrence. As expected, death censored graft sur-
vival is significantly reduced in patients with recurrence
of any GN (HR 3.1, 95CI: 2.38-3.97 p<0.001) (Fig. 2)
and for each primary GN (Fig. 3, Table 6). In all GN ex-
cept FSGS, graft survival is superior for recurrent pa-
tients over the first twelve months. This most likely
reflects ascertainment bias through selection against pa-
tients with early graft failure from early acute rejection
or surgical complications. The earlier recurrence of
FSGS in the post-operative period competes with the
risks of these early causes of graft failure. Death cen-
sored graft survival at 5 and 10 years for recurrent and
non-recurrent patients are presented in Table 6 with
hazard ratios for each GN in Table 7.

Table 4 Recurrence rates for Primary GN at 5 and 10 years post-
transplant

Number with time to recurrence

Median (IQR) Years

FSGS 72 of 102 0.56 (0.05-2.91)
IGAN 01 of 231 4.63 (2.12-8.66)
MCGN 38 of 54 1.87 (0.52-4.88)
MN 27 of 38 393 (291-647)
Other 76 of 87 252 (0.39-6.66)

5years 10 years
FSGS 6.3% (4.7-7.9) 8.7% (6.5-10.8)
IGAN 54% (4.3-6.5) 10.8% (9.2-12.5)
MCGN 9.8% (6.2-13.2) 13.1% (8.7-17.2)
MN 8.5% (4.7-12.1) 134% (8.3-18.2)
Other 1.9% (1.4-2.5%) 3.1% (2.3-3.9)
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Table 5 Incidence of GN recurrence in secondary grafts analysed by outcome of primary grafts

Incidence of GN recurrence in secondary grafts

Primary Graft Outcome

Recurrence Non-Recurrence Risk Ratio of recurrence in secondary
graft after recurrence in the first
FSGS 13 of 27 (48.2%) 6 of 71 (8.5%) 570 (241-13.5)
IGAN 8 of 75 (10.6%) 12 of 140 (8.6%) 1.24 (0.53-2.91)
MCGN 2 of 12 (16.6%) 4 of 43 (9.3%) 1.79 (0.37-863)
MN 0 of 8 (0%) 0 of 22 (0%) NA

Whilst death censored graft survival is reduced in GN
recurrence, the overall effect of recurrence is more com-
plex. We performed a competing risk analysis of death
and graft failure by GN recurrence, which showed the
recurrent patients have a lower risk of death but a higher
risk of graft failure (Fig. 4). However, adjusting for age,
gender and the lower prevalence of diabetes accounted
for the lower risk of death in patients with GN recur-
rence (data not shown).

Transplant outcomes and graft loss

One thousand nine hundred fourteen primary GN pa-
tients lost their graft of whom 329 (17.19%) had a
documented recurrence of GN. Causes of graft loss
have been analysed in GN and non-GN patients
(Table 8) and in patients with and without GN recur-
rence (Table 9). GN patients have similar causes of
graft loss to non-GN patients excluding loss due to
GN recurrence. This is balanced by a reduction in

loss due to rejection and chronic allograft nephropa-
thy. Patients with recurrence have a significantly
higher risk of graft failure due to GN (57%) and a
lower risk of loss due to rejection when compared
with GN patients without recurrence.

Age, gender, donor status and dialysis vintage are
predictors of GN recurrence

We then examined variables influencing recurrence of GN.
By univariate analysis, male gender, age below 50 years, dur-
ation on dialysis less than 5 years before transplant and
peak panel reactive antibodies (PRA) were significantly
associated with GN recurrence (Fig. 5). Multivariate
analysis confirmed higher risk of recurrence evident for
patients under 50 years of age (HR 1.59 95 CIL: 1.21-2.09
p <0.001), related kidney donation (HR 1.68, 95 CI: 1.31—
2.15, p<0.001) and male gender (HR 1.60, 95 CIL: 1.23—
2.08, p<0.001) but dialysis vintage was not associated.
Therefore, age below 50years, male gender and a
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related donor are associated with increased risks of
recurrence.

Discussion

Our study reaffirms unique patterns of recurrence and
disease progression for each of the four primary GNs. In
general, recurrence rates are low occurring in 10-16%
of patients over 12years. Of the four primary GNs,
FSGS has the more aggressive natural history. Patients
with FSGS had significantly faster onset of recurrence
than the other primary GNs. This study reinforces
the risk of early and aggressive recurrence associated

with FSGS and MCGN which has been reported else-
where [4, 13-15].

FSGS was the only GN in which recurrence in a
first transplant predicts greater risk in subsequent
grafts, although the rate of recurrence in the primary
allograft was lower than expected. This may reflect
ascertainment or classification bias in the diagnosis of
rapidly failing primary allografts. In IGAN and
MCGN, recurrence in the primary allograft does not
appear to predict the risk of disease recurrence in
subsequent allografts. Previous reports by Ohmacht et
al. suggested higher risks in IGAN for second grafts
[16]. Freese reported 6 patients with IGAN in a

Table 6 Death Censored Graft Survival at 5 and 10 years post transplant in patients with and without GN recurrence

5years

10 years

Non-recurrent

IGAN
FSGS
MCGN
MN

Recurrent

88.3 (84.1-92.6)
55.6 (46.5-66.5)
446 (32.8-60.5)
70 (56.6-86.6)

Non-recurrent
90.2 (88.9-91.6)
86.6 (84.3-89.1)
79.5 (74.8-84.6)
883 (84.2-92.5)

Recurrent
55.1 (48.5-62.5)
37.3 (28.2-494)
234 (14-39)
43.7 (30-63.7)

824 (80.4-84.5)
744 (70.5-77.9)
65.2 (59.1-0.72)
76.8 (70.8-83.2)
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Table 7 Hazard ratios for death censored graft survival in
patients with recurrent GN

GN HR (95% Cl) P value
IgA 449 (2.70-747) <0.001
FSGS 1.83 (1.12-3.0) 0.02
MCGN 3.14 (2.16-4.57) <0.001
MN 2.20 (1.26-3.86) 0.03

transplant undergoing a second graft [17], wherein
one patient developed recurrence. The largest series
of recurrence for any GN reported so far came from
Briggs with 23 of 48 patients (48%) developing graft
failure due to recurrence in second grafts [13]. These
were in all forms of GN including childhood FSGS
and MCGN, which makes it difficult to interpret.

In examining variables that may contribute to re-
currence, our study indicates that age and male gen-
der are associated with greater risks of GN
recurrence. Interestingly, living related donation was
also significantly associated with increased risks of
GN recurrence suggesting a genetic contribution to
GN recurrence.

Other reports present conflicting observations of
the effect of recurrence on allograft survival. Moroni
et al. [18], Ponticelli [19] and Kim [20] reported high
rates of GN recurrence but no effect of recurrence on
allograft survival. These studies all suffered from rela-
tively low study numbers. Moriyama studied 49 pa-
tients with IGAN who were transplanted. All patients
had their allografts biopsied on implantation, 13 of
them were shown to have latent IgA deposits already
[21]. They reported a 26% IGAN recurrence rate at 5
years, higher than ours, but interestingly demon-
strated that latent IgA deposition in the graft at do-
nation was a significant risk for both GN recurrence
and subsequent graft failure Conversely, Bumgardner
reported recurrence of IGAN in 18 of 61 transplants

Page 8 of 11

Table 8 Causes of graft failure in patients with and without GN

Cause GN Patients Other Patients
ATN 0.50% 1.00%
BK 1.00% 0.80%
CAN 55.40% 59.50%
Cortical Necrosis 1.30% 2.10%
Donor Malignancy 0.50% 0.30%
Drugs 1.30% 1.20%
Embolus 0.30% 0.30%
GN 13.50% 1.80%
Haemorrhage 0.90% 1.20%
HUS 0.70% 1.20%
Infection 1.10% 1.30%
Malignancy 0.40% 0.60%
Non-compliance 3.30% 3.70%
Other 2.50% 3.30%
Rejection 10.90% 13.80%
Urological 0.30% 0.70%
Vascular 6.10% 7.10%

with a mean follow-up time of 5 years with significant
graft loss due to recurrence [22].

In this study, recurrence of GN was associated with
a significant reduction in kidney allograft survival.
Our survival analyses suggest improved graft survival
in the first year of transplant for each primary GN
except FSGS. This likely reflects ascertainment bias as
patients with early graft failure from early acute rejec-
tion or surgical complications will therefore not be
diagnosed with earlier recurrence of FSGS in the
post-operative period.

Previous registry studies have suggested that graft
half-life is less than 5years with GN recurrence with
a relative risk of 1.9 calculated for graft loss [23]. In
this study, grafts with GN recurrence have a half life

Death

— — — - CraftFallure

Cumulative Incldence

Fig. 4 Competing risk analysis of death and graft failure. Patients with recurrent GN have a lower risk of death but a higher risk of graft failure

years
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Table 9 Causes of graft failure in GN patients with and without
recurrence

Page 9 of 11

of approximately 10years and a Hazard Ratio of 3.1
for death censored graft failure compared to

Cause Non-Recurrence Recurence  non-recurrent grafts. MCGN, MN and FSGS tend to
ATN 0.80% 0.00% have shorter graft half lives. We are in agreement
BK 100% 030% with a more recent single centre study though their
CAN 60.50% 30.30% analysis did not show GN recurrence as a risk for
Cortical Necrosis 1.10% 030% death censored graft failure [18]. Moroni analysed 190
Donor Malignancy 040% 000% IGAN transplants and compared them with 380
Drugs 130% 0.80% non-diabetic controls, suggesting that IGAN patients
Embolus 030% 030% had worse survival than the controls but recurrence
N 530% 55.00% of disease had little impact on graft survival for the
Haemorthage 0% 000% glilst 10 yearsd[24]. In chinese patients with IGI;;N,
oy reported a 20% recurrence rate at 10 years but
HUS 0.70% 330% noy repol % ) yeat
_ with little impact on graft survival [25]. The estimates
Infection 1.30% 0.00% .
in our study are based on a much larger cohort and
Malignancy 0.50% 0.50% .
are likely to be more robust.
Non-compliance 3.80% 0.80% . .
P 0 ’ The strength of our analysis lies in the large database
oth 2.70% 5.40% . . :
° 0 0 with a well-characterised study population and complete
i i 0, 0/ . . .
Rejection 14.20% 2.60% dataset with up to 28 years follow-up. There are limita-
Urological 060% 0.00% tions inherent in Registry analysis in terms of heterogen-
Vascular 730% 050% eity of clinical practice across contributing units. Over
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Fig. 5 Recurrence free survival for the primary GNs. Age category and gender have a significant impact on risk of GN recurrence on univariate
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the period of data collection, disease definition has chan-
ged. FSGS and MCGN are now regarded as multiple dis-
ease entities. It is not possible to retrospectively
reclassify these diseases and it is important to keep this
in mind in interpreting our data. Also the diagnosis of
recurrent GN was conducted by each hospital. They was
no independent examination of the diagnosis possible.
Also the reason for the kidney biopsy was not included in
this analysis and indeed was not available for this dataset.
Despite these limitations, this study represents the most
complete and well-populated registry analysis to date.

The increasing use of protocol biopsies is likely to
increase reported risk of GN recurrence but should
be viewed by clinicians with caution. This aggressive
approach to transplant followup has yet to be shown
to alter hard outcomes and, in the setting of recur-
rent GN, may be potentially misleading. The inter-
pretation of immunoglobulin deposits in a donor
kidney in the absence of clinical disease is far from
clear. As demonstrated in the implantation biopsies of
donor kidneys [21], the presence of IgA deposits in a
kidney does not necessarily imply disease recurrence
in the recipient and may instead be a marker of the
donor’s genetic predisposition to renal disease. At a
minimum, the research community needs to establish
that protocol biopsy data is clinically meaningful in
terms of recurrent glomerulonephritis.

Conclusions

Primary GN recurs in 10-16% of renal allografts over a
15 year period. FSGS and MCGN tend to recur earlier
than IGAN. After recurrence, graft survival is signifi-
cantly reduced. Transplants performed after a previous
recurrence have similar risks of recurrence, except in the
case of FSGS, which is more likely to recur. Patients and
clinicians need to be aware of the risks of recurrence
and its consequences.
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