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A

Rationale & Objective: There is limited informa-
tion about the association between primary kid-
ney disease and donor relatedness with
transplant outcomes. This study addresses this
gap by evaluating clinical outcomes after kidney
transplantation in recipients of living donor kid-
neys as a function of primary kidney disease type
and donor relatedness in Australia and New
Zealand.

Study Design: Retrospective observational
study.

Setting & Participants: Kidney transplant re-
cipients who received allografts from living do-
nors between January 1, 1998, and December
31, 2018, as recorded in the Australian and New
Zealand Dialysis and Transplant Registry
(ANZDATA).

Exposures: Primary kidney disease type cate-
gorized as majority monogenic, minority mono-
genic, or other primary kidney disease based on
disease heritability as well as donor relatedness.

Outcome: Primary kidney disease recurrence,
graft failure.

Analytical Approach: Kaplan-Meier analysis and
Cox proportion hazards regression to generate
hazard ratios for primary kidney disease recur-
rence, allograft failure, and mortality. Partial like-
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lihood ratio test was used to examine possible
interactions between primary kidney disease type
and donor relatedness for both study outcomes.

Results: Among 5,500 live donor kidney trans-
plant recipients, majority monogenic (adjusted
HR, 0.58, P < 0.001) and minority monogenic
primary kidney diseases (adjusted HR, 0.64,
P < 0.001) were associated with reduced primary
kidney disease recurrence compared with other
primary kidney diseases. Majority monogenic pri-
mary kidney disease was also associated with
reduced allograft failure (adjusted HR, 0.86,
P = 0.04) compared with other primary kidney
diseases. Donor relatedness was not associated
with primary kidney disease recurrence nor graft
failure. No interaction was detected between
primary kidney disease type and donor related-
ness for either study outcome.

Limitations: Potential misclassification of primary
kidney disease type, incomplete ascertainment of
primary kidney disease recurrence, unmeasured
confounding.

Conclusions: Monogenic primary kidney disease
is associated with lower rates of primary kidney
disease recurrence and allograft failure. Donor
relatedness was not associated with allograft
outcomes. These results may inform pretrans-
plant counseling and live donor selection.
espite advances in dialysis technologies, kidney
Dtransplantation remains the optimal treatment for
kidney failure in regards to survival and quality of life.1 In
2019, the median waiting time for a deceased-donor
kidney transplant was 2.1 years in Australia with more
than 1,000 people actively awaiting kidney trans-
plantation.2 Live donor kidney transplants reduce the strain
on deceased-donor wait lists and are linked to shorter
dialysis vintage.3,4 Furthermore, live donor kidney trans-
plants are associated superior graft and recipient survival
compared with deceased donor transplants.3,4

Globally, the majority of living kidney donors are
biologically related to their recipient, which carries the
benefit of improved human leukocyte antigen (HLA)
matching but theoretically increases the risk of primary
kidney disease recurrence.5 Familial clustering of kidney
disease has been observed across multiple population-level
cohorts, where people with first-degree relatives with
ames Cook Univer
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kidney failure experience up to 7.2 times increased risk of
kidney failure, regardless of etiology.6-8 It follows that
shared genetic factors may increase the risk of primary
kidney disease recurrence, particularly if the donor is
closely related to the recipient. Recent advances in genetic
kidney disease diagnosis have significantly reduced pri-
mary kidney disease recurrence for monogenic kidney
diseases because these diseases can be identified either
genetically or clinically on predonation screens.9 The effect
of unrecognized shared genetic factors on live donor
kidney transplant outcomes, particularly primary kidney
disease recurrence and graft failure, remains unclear.

Furthermore, there is limited high-resolution information
about live related and unrelated donor kidney transplant
outcomes in the modern era. The shortcomings of the pub-
lished literature include (1) a primary focus on spousal live
donor transplants,10-12 (2) a lack of control for HLA match-
ing,13-15 (3) inclusion of participants from the pre–Efficacy
Limiting Toxicity Elimination (ELITE) Symphony trial era,16

and (4) limited investigation of primary kidney disease
recurrence. Our study addresses these issues by exploring the
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PLAIN-LANGUAGE SUMMARY
There are theoretical concerns that live-donor kidney
transplants may be associated with increased risks of
kidney disease recurrence and transplant failure due to
unmeasurable shared genetic factors between the donor
and the recipient. This study analyzed data from the
Australia and New Zealand Dialysis and Transplant
(ANZDATA) registry and showed that, although disease
type was associated with the risk of disease recurrence
and transplant failure, donor relatedness did not impact
transplant outcomes. These findings may inform pre-
transplant counseling and live donor selection.

Yu et al
associations of donor relatedness and primary kidney disease
type with the clinical transplant outcomes of primary kidney
disease recurrence and allograft failure.
Methods

Study Design and Setting

This retrospective observational cohort study included all
first kidney recipients of live donor kidney grafts in
Australia and New Zealand between January 1, 1998, and
December 31, 2018. Deidentified information on recipient
and donor factors, cold ischemia time, HLA matching,
graft function, acute rejection, graft failure, and mortality
were received from the Australia and New Zealand Dialysis
and Transplant (ANZDATA) registry. This study was
approved by ANZDATA (42676) and the Metro North
Health Royal Brisbane and Women’s Hospital Human
Research Ethics Committee (HREC/2019/QRBW/60194).
The participants provided individual-level consent on entry
into the ANZDATA registry for research approved by the
ANZDATA steering committee and local HREC.

Study Variables

Types of primary kidney disease were categorized into
majority monogenic, minority monogenic, and other
primary kidney disease based on disease heritability
(Table S1). Diseases were classified as majority monogenic
for primary kidney disease when there was evidence from
prior cohort/case series studies that ≥50% of cases have an
identifiable monogenic basis. Diseases were classified as
minority monogenic when there was evidence from prior
cohort/case series studies that <50% of cases have an
identifiable monogenic basis. Evidence was drawn from
gene and primary kidney disease listings in Online Men-
delian Inheritance in Man (www.omim.org). A mono-
genic basis was defined as a likely pathogenic or
pathogenic (ACMG variant classification) variant or vari-
ants with the appropriate zygosity in a gene with an
established or justified gene-phenotype/primary kidney
disease relationship. Phenocopy disorders were excluded
from the assessment of monogenic basis for primary kid-
ney diseases, for example, disease-causing variants in
570
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COL4A3, COL4A4, or COL4A5 in the setting of apparent
familial IgA nephropathy. Gene-phenotype relationships
were drawn from Online Mendelian Inheritance in Man
(www.omim.org), PanelApp Australia (https://panelapp.
agha.umccr.org) and the ClinGen Clinical Domain Work-
ing Groups (https://clinicalgenome.org/working-groups/
clinical-domain/clingen-kidney-disease-clinical-domain-
working-group/). Donor relatedness was classified as im-
mediate relative (identical twins and first degree), distant
relative (second and third degree), and unrelated (other)
(Table S2).

The covariates assessed included recipient age, sex,
ethnicity, smoking status (current, former, never),
comorbidities (chronic lung disease, coronary artery dis-
ease, peripheral vascular disease, cerebral artery disease,
diabetes mellitus), and transplant era. Donor age, sex, and
ethnicity were also assessed as covariates. Recipient and
donor age in decades, HLA mismatch, cold ischemia time,
and pretransplant dialysis vintage in months were included
as a continuous variable. Recipient and donor ethnicity was
categorized as white, Aboriginal and Torres Strait Islander
(ATSI), M�aori, Asian, and other in the descriptive statistics.
In the Cox regression and competing risk analyses,
ethnicity was included as white or other. Primary kidney
disease recurrence, mortality, and graft failure were
assessed as time-to-event variables. Primary kidney disease
recurrence was defined as either primary kidney disease
recurrence on biopsy or graft failure secondary to primary
kidney disease recurrence. Graft failure was defined as
events where the graft was no longer functioning
(excluding death with functioning graft). In exploratory
analyses, mortality as assessed as time-to-event variable.

Statistical Analyses

Baseline characteristics were reported using counts and
percentages (Table 1 and 2). For continuous variables,
analysis of variance (ANOVA) was used to compare the
test variable (eg, recipient age) against the stratification
variable (ie, primary kidney disease type or donor relat-
edness). We used a χ2 test of independence for the cat-
egorical variables.

Kaplan-Meier survival curves were applied to evaluate
the time from transplant to graft failure. Cox proportional
hazards regression was used to calculate the unadjusted
hazard ratio (HR) and adjusted HR (AHR) of primary
kidney disease recurrence and graft failure. The 2 particular
effects of interest, primary kidney disease heritability and
donor relatedness, were forced into all multivariable
models. Other covariates were retained in the final model
if they represented important confounders (altered main
effect sizes by >20%) or risk factors (statistically associated
with the outcomes). Partial likelihood ratio test was used
to test the interaction between primary kidney disease type
and donor-relatedness, and its effects on primary kidney
disease recurrence and graft failure. In terms of missing
values, the analysis set employed was based on the type of
analysis. For analyses considering bivariate associations,
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Table 1. Clinical Characteristics of Living Kidney Transplantation Recipients and Donors by Primary Kidney Disease Type

Characteristics

Majority
Monogenic
(n = 1,030)

Minority
Monogenic
(n = 851)

Other Primary
KD (n = 3,619) P Value

Donor relatedness <0.001a

Unrelated 601 (58.3%) 229 (26.9%) 1,434 (39.6%)
Immediate relatives 370 (35.9%) 564 (66.3%) 2,020 (55.8%)
Distant relatives 59 (5.7%) 58 (6.8%) 165 (4.6%)
Missing 0 (0.0) 0 (0.0) 0 (0.0)

Recipient age, y 46.70 ± 14.91 32.08 ± 16.98 42.95 ± 16.50 <0.001a

Missing 0 (0.0) 0 (0.0) 0 (0.0)
Recipient sex <0.001a

Female 422 (41.0%) 405 (47.6%) 1,257 (34.7%)
Male 608 (59.0%) 446 (52.4%) 2,362 (65.3%)
Missing 0 (0.0) 0 (0.0) 0 (0.0)

Recipient ethnicity <0.001a

Caucasian 943 (91.6%) 751 (88.2%) 2,841 (78.5%)
Asian 26 (2.5%) 34 (4.0%) 391 (10.8%)
ATSI 5 (0.5%) 5 (0.6%) 43 (1.2%)
Maori 13 (1.3%) 15 (1.8%) 116 (3.2%)
Pacific 14 (1.4%) 20 (2.4%) 112 (3.1%)
Other 15 (1.5%) 17 (2.0%) 53 (1.5%)
Missing 14 (1.4%) 9 (1.1%) 63 (1.7%)

Recipient smoking
status

<0.001a

Never 658 (63.9%) 616 (72.4%) 2,272 (62.8%)
Former 306 (29.7%) 168 (19.7%) 1,035 (28.6%)
Current 56 (5.4%) 61 (7.2%) 241 (6.7%)
Missing 10 (1.0%) 6 (0.7%) 71 (2.0%)

Recipient
comorbidities
Lung disease 28 (2.7%) 21 (2.5%) 203 (5.6%) <0.001a

Coronary artery
disease

92 (8.9%) 29 (3.4%) 418 (11.6%) <0.001a

Peripheral vascular disease 23 (2.2%) 8 (0.9%) 214 (5.9%) <0.001a

Cerebrovascular
disease

49 (4.7%) 10 (1.2%) 138 (3.8%) <0.001a

Diabetes mellitus 32 (3.1%) 18 (2.1%) 556 (15.4%) <0.001a

HLA mismatch 3.36 ± 1.69 2.75 ± 1.53 2.99 ± 1.68 <0.001a

Missing 0 (0.0%) 0 (0.0%) 0 (0.0%)
Cold ischemia time, h 2.98 ± 2.16 2.73 ± 1.80 2.85 ± 2.03 0.03b

Missing 23 (2.2%) 15 (1.8%) 82 (2.3%)
Pre-emptive 381 (37.0%) 343 (40.3%) 989 (27.3%) <0.001a

Dialysis vintage, mo 12.82 ± 19.79 11.95 ± 18.99 16.15 ± 22.46 <0.001a

Missing 0 (0.0%) 0 (0.0%) 0 (0.0%)
Donor age, y 49.67 ± 10.31 47.44 ± 11.11 48.66 ± 11.74 <0.001a

Missing 0 (0.0%) 1 (0.1%) 0 (0.0%)
Donor sex 0.2
Female 531 (51.6%) 406 (47.7%) 1,888 (52.2%)
Male 397 (38.5%) 331 (38.9%) 1,338 (37.0%)
Missing 102 (9.9%) 114 (13.4%) 393 (10.9%)

Donor ethnicity <0.001a

Caucasian 764 (74.2%) 563 (66.2%) 2,373 (65.6%)
Asian 28 (2.7%) 26 (3.1%) 190 (5.3%)
ATSI 8 (0.8%) 18 (2.1%) 67 (1.9%)
Maori 9 (0.9%) 13 (1.5%) 58 (1.6%)
Pacific 3 (0.3%) 3 (0.4%) 30 (0.8%)
Other 14 (1.4%) 11 (1.3%) 41 (1.1%)
Missing 204 (19.8%) 217 (25.5%) 860 (23.8%)

(Continued)
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Table 1 (Cont'd). Clinical Characteristics of Living Kidney Transplantation Recipients and Donors by Primary Kidney Disease Type

Characteristics

Majority
Monogenic
(n = 1,030)

Minority
Monogenic
(n = 851)

Other Primary
KD (n = 3,619) P Value

Baseline immunosuppression
Cyclosporin 426 (41.4%) 364 (42.8%) 1,634 (45.2%) <0.001a

Tacrolimus 776 (75.3%) 670 (78.7%) 2,670 (73.8%) 0.01b

Azathioprine 150 (14.6%) 181 (21.3%) 614 (17.0%) <0.001a

Mycophenolate 855 (83.0%) 728 (85.5%) 3,085 (85.2%) 0.2
Sirolimus 93 (9.0%) 88 (10.3%) 350 (9.7%) 0.6
Everolimus 90 (8.7%) 51 (6.0%) 199 (5.5%) <0.001a

Prednisolone 1,019 (98.9%) 842 (98.9%) 3,577 (98.8%) 0.9
Primary KD
recurrence

49 (4.8%) 51 (6.0%) 307 (8.5%) <0.001a

Graft failure 132 (12.8%) 182 (21.4%) 627 (17.3%) <0.001a

Graft failure causec 0.6
Acute rejection 12 (9.1%) 15 (8.2%) 39 (6.2%)
BKV nephropathy 4 (3.0%) 3 (1.6%) 18 (2.9%)
De novo glomerulonephritis 4 (3.0%) 3 (1.6%) 25 (4.0%)
Primary KD
recurrence

4 (3.0%) 11 (6.0%) 54 (8.6%)

Noncompliance 9 (6.8%) 15 (8.2%) 38 (6.1%)
Vascular cause 7 (5.3%) 10 (5.5%) 30 (4.8%)
Chronic
nephropathy

80 (60.6%) 110 (60.4%) 370 (59.0%)

Other 9 (6.8%) 12 (6.6%) 48 (7.7%)
Missing 2 (1.5%) 3 (1.6%) 5 (0.8%)

Transplant era 0.006d

1998-2003 161 (15.6%) 188 (22.1%) 709 (19.6%)
2004-2008 264 (25.6%) 204 (23.9%) 885 (24.5%)
2009-2013 337 (32.7%) 244 (28.7%) 1,031 (24.5%)
2014-2020 268 (26.0%) 216 (25.4%) 994 (37.5%)

Values for continuous variables given as mean ± SD; for categorical variables as number (percentage). Abbreviations: ATSI, Aboriginal and Torres Strait Islander; BKV, BK
virus; HLA, human leukocyte antigen; HR, hazard ratio; KD, kidney disease.
aSignificance level P < 0.001.
bSignificance level P < 0.05.
cGraft failure cause percentages expressed as percentage of people with graft failure instead of total sample size.
dSignificance level P <0.01.

Yu et al
the available case set was used for each pairwise association
whereas for multivariable modeling the complete case set
was used.

Graft failure was also investigated as competing risks by
generating subdistribution cumulative incidence functions
and testing the differences between these incidence curves
using the methods outlined by Fine and Gray.17

Competing risk plots were generated to show cumulative
incidence curves for mortality-censored graft failure. Right
censoring was used when participants were censored if
they died before developing graft failure. A significance
level of 0.05 was used throughout all analyses. Statistical
analyses were performed using R statistical package (v3.3,
R Core Team, 2018).
Results

The study included 5,500 living donor kidney trans-
plantations (Fig 1). The majority of the primary kidney
572
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diseases had no monogenic basis (n = 3,619; 65.8%)
(Table 1). Of the transplants, 3,236 involved a living
related donor, and 2,264 were living nonrelated donor
(Table 2). More than half the transplants occurred between
immediate relatives (n = 2,954; 53.7%), followed by un-
related donors (n = 2,264; 41.2%). Living kidney trans-
plants from relatives comprised a smaller proportion of the
total transplants for people with majority monogenic pri-
mary kidney disease compared with minority monogenic
primary kidney disease and other primary kidney disease
(41.6% majority monogenic primary kidney disease vs
73.1% minority monogenic primary kidney disease and
60.5% other primary kidney disease) (Table 1). The
mean age of the recipients was 42 years old (± 16.89 SD).
The majority of the recipients were male (n= 3,416;
62.1%), and the majority of donors were female
(n = 2,825; 57.8%). The total follow-up time was
50,954.67 person years. The median follow-up time was
8.928 (IQR, 8.526) years. Polycystic kidney disease
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Table 2. Clinical Characteristics of Living Kidney Transplantation Recipients and Donors by Donor Relatedness

Characteristics
Unrelated
(n = 2,264)

Immediate Relative
(n = 2,954)

Distant Relative
(n = 282) P Value

Primary KD type <0.001a

Majority monogenic 601 (26.5%) 370 (12.5%) 59 (20.9%)
Minority monogenic 229 (10.1%) 564 (19.1%) 58 (20.6%)
Other primary KD 1,434 (63.3%) 2,020 (68.4%) 165 (58.5%)
Missing 0 (0.0%) 0 (0.0%) 0 (0.0%)

Recipient age, y 51.24 ± 12.12 35.76 ± 16.53 32.58 ± 18.46 <0.001a

Missing 0 (0.0%) 0 (0.0%) 0 (0.0%)
Recipient sex 0.3
Female 1,434 (63.3%) 1,812 (61.3%) 170 (60.3%)
Male 830 (36.7%) 1,142 (38.7%) 112 (39.7%)
Missing 0 (0.0%) 0 (0.0%) 0 (0.0%)

Recipient ethnicity <0.001a

Caucasian 1,882 (83.1%) 2,449 (82.9%) 204 (72.3%)
Asian 178 (7.9%) 224 (7.6%) 49 (17.4%)
ATSI 24 (1.1%) 25 (0.8%) 4 (1.4%)
Maori 57 (2.5%) 81 (2.7%) 6 (2.1%)
Pacific 46 (2.0%) 88 (3.0%) 12 (4.2%)
Other 31 (1.4%) 51 (1.7%) 3 (1.1%)
Missing 46 (2.0%) 36 (1.2%) 2 (0.7%)

Recipient smoking status <0.001a

Never 1,323 (59.5%) 2,022 (68.4%) 201 (71.2%)
Former 762 (34.3%) 681 (23.1%) 66 (23.4%)
Current 138 (6.2%) 210 (7.1%) 10 (3.5%)
Missing 41 (1.8%) 41 (1.4%) 5 (1.8%)

Recipient comorbidities
Lung disease 120 (5.3%) 118 (4.0%) 14 (5.0%) 0.08
Coronary artery disease 332 (14.7%) 192 (6.5%) 15 (5.3%) <0.001a

Peripheral vascular disease 143 (6.3%) 95 (3.2%) 7 (2.5%) <0.001a

Cerebrovascular disease 117 (5.2%) 76 (2.6%) 4 (1.4%) <0.001a

Diabetes mellitus 354 (15.6%) 229 (7.8%) 23 (8.2%) <0.001a

HLA mismatch 4.16 ± 1.39 2.13 ± 1.31 3.21 ± 1.52 <0.001a

Missing 0 (0.0%) 0 (0.0%) 0 (0.0%)
Cold ischemia time, h 3.14 ± 2.22 2.66 ± 1.88 2.65 ± 1.51 <0.001a

Missing 56 (2.5%) 57 (1.9%) 7 (2.5%)
Pre-emptive 706 (31.2%) 945 (32.0%) 62 (22.0%) 0.003b

Dialysis vintage, mo 17.62 ± 23.63 12.56 ± 19.27 17.14 ± 23.64 <0.001a

Missing 0 (0.0%) 0 (0.0%) 0 (0.0%)
Donor age, y 50.50 ± 10.74 47.34 ± 11.62 47.72 ± 12.32 <0.001a

Missing 0 (0.0%) 1 (0.0%) 0 (0.0%)
Donor sex <0.001a

Female 1,286 (56.8%) 1,384 (46.9%) 155 (55.0%)
Male 825 (36.4%) 1,136 (45.1%) 105 (37.2%)
Missing 153 (6.8%) 434 (14.7%) 22 (7.8%)

Donor ethnicity <0.001a

Caucasian 1,685 (74.4%) 1,837 (62.2%) 178 (63.1%)
Asian 85 (3.7%) 128 (4.3%) 31 (11.0%)
ATSI 34 (1.5%) 53 (1.8%) 6 (2.1%)
Maori 28 (1.2%) 48 (1.6%) 4 (1.4%)
Pacific 14 (0.6%) 21 (0.7%) 1 (0.4%)
Other 28 (1.2%) 34 (1.2%) 4 (1.4%)
Missing 390 (17.2%) 833 (28.2%) 58 (20.6%)

Baseline immunosuppression
Cyclosporin 894 (39.5%) 1,404 (47.5%) 126 (44.7%) <0.001a

Tacrolimus 1,790 (79.1%) 2,110 (71.4%) 216 (76.6%) <0.001a

(Continued)
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Table 2 (Cont'd). Clinical Characteristics of Living Kidney Transplantation Recipients and Donors by Donor Relatedness

Characteristics
Unrelated
(n = 2,264)

Immediate Relative
(n = 2,954)

Distant Relative
(n = 282) P Value

Azathioprine 300 (13.3%) 592 (20.0%) 53 (18.8%) <0.001a

Mycophenolate 1,892 (83.6%) 2,527 (85.5%) 249 (88.3%) 0.04c

Sirolimus 184 (8.1%) 312 (10.6%) 35 (12.4%) 0.004b

Everolimus 146 (6.4%) 174 (5.9%) 20 (7.1%) 0.6
Prednisolone 2,255 (99.6%) 2,899 (98.1%) 282 (100.0%) <0.001a

Primary KD recurrence 141 (6.2%) 247 (8.4%) 19 (6.7%) 0.01c

Graft failure 292 (12.9%) 587 (19.9%) 62 (22.0%) <0.001a

Graft failure caused 0.03c

Acute rejection 17 (5.8%) 45 (7.7%) 4 (6.5%)
BKV nephropathy 8 (2.7%) 15 (2.6%) 2 (3.2%)
De novo glomerulonephritis 10 (3.4%) 19 (3.2%) 3 (4.8%)
Primary KD recurrence 14 (4.8%) 53 (9.0%) 2 (3.2%)
Noncompliance 10 (3.4%) 48 (8.2%) 4 (6.5%)
Vascular cause 15 (5.1%) 31 (5.3%) 1 (1.6%)
Chronic nephropathy 184 (63.0%) 334 (56.9%) 42 (67.7%)
Other 32 (11.0%) 33 (5.6%) 4 (6.5%)
Missing 2 (0.7%) 9 (1.5%) 0 (0.0%)

Transplant era <0.001a

1998-2003 303 (13.4%) 705 (23.9%) 50 (17.7%)
2004-2008 504 (22.3%) 780 (26.4%) 68 (24.1%)
2009-2013 732 (32.3%) 785 (26.6%) 95 (33.7%)
2014-2020 725 (32.0%) 684 (23.2%) 69 (24.5%)

Values for continuous variables given as mean ± SD; for categorical variables as number (percentage). Abbreviations: ATSI, Aboriginal and Torres Strait Islander; BKV, BK
virus; HLA, human leukocyte antigen; HR, hazard ratio; KD, kidney disease; NA, not applicable.
aSignificance level P < 0.001.
bSignificance level P < 0.01.
cSignificance level P < 0.05.
dGraft failure cause percentages expressed as percentage of people with graft failure instead of total sample size.

Yu et al
contributed to 794 of 1,030 (77.1%) of majority
monogenic primary kidney disease cases, and reflux ne-
phropathy contributed to 540 of 851 (63.5%) of
Figure 1. Flowchart of cohorts in study. Abbreviation: KD, kidney
disease.
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(Table S1).

Primary Kidney Disease Recurrence

There were 407 cases (7.4%) of primary kidney disease
recurrence (Tables 1 and 2). The primary kidney disease
recurrence rate per 1,000 person years was 5.43 for ma-
jority monogenic primary kidney disease, 6.32 for mi-
nority monogenic primary kidney disease, and 10.07 for
other primary kidney disease (Table 3). The primary kid-
ney disease recurrence rate per 1,000 person years was
8.93 for immediate relative, 7.79 for distant relative, and
8.07 for unrelated donors. On univariate analysis, majority
monogenic (HR, 0.54 [95% CI, 0.40-0.74], P < 0.001)
and minority monogenic primary kidney disease (HR,
0.67 [95% CI, 0.50-0.90], P = 0.01) were associated with
reduced primary kidney disease recurrence compared with
other primary kidney disease. On multivariable analyses,
these results remained significant (majority monogenic
primary kidney disease: AHR, 0.58 [95% CI, 0.42-0.79],
P < 0.001; minority monogenic primary kidney disease:
AHR, 0.64 [95% CI, 0.47-0.87], P = 0.004), and a dose-
dependent effect was present (Table 3). Grafts from im-
mediate relatives (AHR, 1.25 [95% CI, 1.01-1.54],
P = 0.04) were associated with increased primary kidney
disease recurrence on univariable analyses, but this result
AJKD Vol 82 | Iss 5 | November 2023
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was not statistically significant in multivariable analyses
(AHR, 1.11 [95% CI, 0.84-1.47], P = 0.5). In multivari-
able analysis, increased recipient age was associated with
reduced primary kidney disease recurrence (AHR, 0.91
[95% CI, 0.84-0.98], P = 0.01), and former smoking
status was linked to increased primary kidney disease
recurrence (Table S3). Partial likelihood ratio test did not
reveal any interaction effects between primary kidney
disease type and donor relatedness on primary kidney
disease recurrence (χ2 = 2.25, df = 4, P = 0.7).

Graft Failure

There were 941 cases (17.1%) of graft failure. The graft
failure rate per 1,000 person years was 15.1 for majority
monogenic primary kidney disease, 24.8 for minority
monogenic primary kidney disease, and 21.2 for other
primary kidney disease (Table 4). The graft failure rate per
1,000 person years was 22.3 for immediate relative do-
nors, 27.6 for distant relative donors, and 17.1 for unre-
lated donors. Kaplan-Meier curves showed improved graft
survival for majority and minority monogenic primary
kidney diseases compared with other primary kidney dis-
eases (Fig 2A). Kaplan-Meier curves showed improved
graft survival for immediate relative donor transplants
compared with distant relative and nonrelated donor
transplants (Fig 2B).

On univariable analyses, majority monogenic (HR, 0.76
[95% CI, 0.66-0.88], P < 0.001) and minority monogenic
(HR, 0.84 [95% CI, 0.72-0.97], P = 0.02) primary kidney
diseases were associated with reduced graft failure
compared with non-monogenic primary kidney diseases
(Table 4). Only the signal for reduced graft failure in re-
cipients with majority monogenic primary kidney diseases
remained statistically significant after controlling for donor
relatedness, recipient age, recipient ethnicity, recipient
smoking status, recipient comorbidities, HLA mismatch,
dialysis vintage, donor age, and donor ethnicity (AHR,
0.86 [95% CI, 0.74-0.99], P = 0.04; Table 4), although, a
dose-dependent effect was observed.

Compared with grafts from unrelated donors, grafts
from immediate relatives were associated with reduced
graft failure (HR, 0.84 [95% CI, 0.75-0.93], P < 0.001) on
univariable analyses, although this was not statistically
significant in multivariable analyses. The paradoxical
increased graft failure event rate among immediate family
donors compared with unrelated donors (22.3 per 1,000
person-years vs 17.1 per 1,000 person-years) was related
to the proportionality assumption underpinning both Cox
regression and the type of competing risk models we
employed, where the relative risk of a clinical end point in
one group compared with another remains constant
throughout the entire survival experience. Recipient cur-
rent and former smoking status, coronary artery disease,
peripheral vascular disease, diabetes, increasing HLA
mismatch, increasing donor age, and non-white donor
ethnicity were associated with increased graft failure
(Table S4). In the partial likelihood ratio test, there was no
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interaction between primary kidney disease types and
donor relatedness in graft failure (χ2 = 0.75, df = 4,
P = 0.9). In competing risk analyses, primary kidney dis-
ease type and donor relatedness were not associated with a
statistically significant effect on mortality-censored graft
failure (Table S5, Fig S1).

Mortality

Donor relatedness and primary kidney disease type were
not associated with mortality in the multivariable anal-
ysis (Table S6). In the competing risk analysis of graft
failure-censored mortality, minority monogenic pri-
mary kidney disease was associated with reduced
mortality compared with other primary kidney disease
(Fig S1, Table S7).
Discussion

This study investigated the effect of primary kidney disease
type and donor relatedness on primary kidney disease
recurrence, graft failure, and mortality after living donor
transplantation. Majority monogenic and minority mono-
genic were associated with reduced primary kidney disease
recurrence risk compared with other primary kidney dis-
ease. Furthermore, a dose-dependent effect was observed.
Donor relatedness was not associated with primary kidney
disease recurrence. There was no interaction between
primary kidney disease type and donor relatedness with
respect to primary kidney disease recurrence. Majority
monogenic primary kidney disease was associated with
reduced graft failure compared with other primary kidney
disease. There was no correlation between donor related-
ness and graft failure. There was no interaction between
primary kidney disease type and donor relatedness with
respect to graft failure.

The graded reduction in primary kidney disease recur-
rence risk with primary kidney diseases of decreasing
monogenic basis reflects that monogenic primary kidney
diseases predominantly involve structural molecular de-
fects that are intrinsic to the kidney.18 In this cohort,
98.6% of the monogenic primary kidney disease group
and 94.1% of the minority monogenic primary kidney
diseases group have monogenic kidney disease associated
with structural kidney defects, which do not recur after
transplantation (Table S1). Furthermore, routine predo-
nation testing prevents the implantation of kidneys from
people with genetic defects associated with monogenic
kidney diseases, thereby significantly reducing recurrence
risks.9 By contrast, other primary kidney diseases primarily
involve extrinsic mechanisms of kidney damage (eg, hy-
perglycemia in diabetes mellitus and autoimmunity in
lupus nephritis), which are not removed with trans-
plantation. The genetic basis of other primary kidney
diseases is also predominantly multifactorial (eg, diabetes
or lupus nephritis), making primary kidney disease
recurrence risk more difficult to identify and quantify
during predonation genetic screening.
AJKD Vol 82 | Iss 5 | November 2023
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Figure 2. Kaplan-Meier curves and risk tables for graft failure as a function of (A) primary kidney disease type and (B) donor relat-
edness. Time after transplant presented in years. Abbreviation: KD, kidney disease.

Yu et al
Donor relatedness was not correlated with primary
kidney disease recurrence, suggesting that the current
predonation screening is adequate to minimize the risk of
primary kidney disease transmission in living related
transplants. Studies in people with glomerulonephritides
have associated living related kidney transplants with an
increased risk of disease recurrence.19-21 Notably, our
analysis included all types of primary kidney disease. As
such, any potential correlations between donor relatedness
and primary kidney disease recurrence for rare diseases
with heritable components such as glomerulonephritides
AJKD Vol 82 | Iss 5 | November 2023
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may be outweighed by large numbers of primary kidney
diseases with no relationship between donor relatedness
and primary kidney disease recurrence (eg, lead ne-
phropathy or lithium toxicity).

The absence of interaction between primary kidney
disease type and donor relatedness demonstrates that un-
measurable genetic factors shared between related donor-
recipient pairs do not alter primary kidney disease recur-
rence, regardless of the monogenic basis of primary kidney
disease. This finding is particularly significant in the
context of non-monogenic primary kidney diseases where
577
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there is no method to quantify primary kidney disease risks
despite growing evidence of familial clustering of ne-
phropathy6-8 and heritability of kidney function.22-24

Current live donor selection practices in Australia and
New Zealand are adequate to navigate the primary kidney
disease recurrence risk associated with donor relatedness,
with 53.7% transplants between zero- and first-degree
relatives.

Majority monogenic primary kidney diseases were
linked to reduced graft failure compared with other pri-
mary kidney disease, which is consistent with findings
from people with Fabry disease, polycystic kidney disease,
cystinosis, and Alport’s disease.25-28 This finding may
reflect that patients with majority monogenic primary
kidney diseases have reduced infection, cancer, and
metabolic syndrome risk. As a result, people with mono-
genic primary kidney diseases are able to tolerate higher
levels of immunosuppression, leading to reduced acute
rejection and chronic allograft nephropathy (Table 1). This
is consistent with US transplant registry studies showing
that death-censored graft failure was higher among older
patients who received antimetabolite avoidance, mamma-
lian target of rapamycin (mTOR) inhibitor-based, and
cyclosporine-based regimens.29 Further studies are
required to test this hypothesis.

Donor relatedness was not associated with graft failure
after adjusting for recipient age, recipient ethnicity,
recipient smoking status, recipient comorbidities, HLA
mismatch, dialysis vintage, donor age, and donor
ethnicity. This is consistent with unadjusted findings from
the United Network for Organ Sharing (UNOS) Renal
Transplant Registry and Organ Procurement and Trans-
plantation Network where there was no survival difference
between unrelated and related live donor grafts.5,14 Husain
et al5 also identified that after adjustment for HLA mis-
matches, donor and recipient characteristics, and trans-
plant era, donor relatedness was associated with higher
death-censored graft failure, especially in the context of
transplants from African American donors or excluding
monogenic cystic disease. Differences in local genetic and/
or socioenvironmental factors may also contribute to the
conflicting findings between Husain et al5 and our study,
underscoring the need to investigate kidney trans-
plantation outcomes in each locality.

No interaction was observed between primary kidney
disease type and donor relatedness with respect to graft
failure. This result suggests that unmeasurable genetic
factors did not impact significantly on graft failure risk.
Notably, living related donor kidneys tended were asso-
ciated with reduced donor age, recipient comorbidities,
and dialysis vintage—all of which were associated with
superior graft failure rates. It is possible that these factors
may overshadow small interactions between primary kid-
ney disease type and donor relatedness.

In this study, primary kidney disease was classified
based on current knowledge regarding the monogenic
basis of kidney disease. It is possible that monogenic
578
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diseases may be present in the other primary kidney dis-
ease group—this is particularly true in the context of
glomerulonephritides, which demonstrates strong familial
clustering. Potential misclassification of other primary
kidney diseases may impact the delineation between the
primary kidney disease type categories thereby, reducing
the power and sensitivity of the analyses to reject the null
hypothesis. Notably, majority monogenic primary kidney
disease primarily comprises conditions known to have a
monogenic basis, such as polycystic kidney diseases and
familial glomerulonephritis, while minority monogenic
primary kidney disease includes conditions with reduced
monogenic basis. This graded categorization of primary
kidney disease enabled the observation of a “dose effect”
for primary kidney disease recurrence, strengthening our
confidence in the results.

Polycystic kidney disease comprised 77.1% of the re-
cipients in the majority monogenic primary kidney disease
group, and reflux nephropathy comprised 63.5% of the
minority monogenic group. It is unlikely this over-
weighting would bias the recurrence results because the
other primary kidney diseases included in each of these
groups demonstrate similar recurrence patterns (eg,
polycystic kidney disease and medullary cystic disease in
the majority monogenic group).

Primary kidney disease recurrence was defined by the
identification of primary kidney disease recurrence on for-
cause biopsies and/or primary kidney disease recurrence
being listed as a cause for graft failure. This approach
allowed the inclusion of cases where a primary kidney
disease recurrence diagnosis was not histologically pursued
(eg, diabetic nephropathy, immunoglobulin A nephropa-
thy). However, primary kidney disease recurrence epi-
sodes that were not biopsy-confirmed in a functioning
graft would not be captured in this analysis because sus-
pected cases of primary kidney disease recurrence (without
biopsy confirmation) are not recorded in ANZDATA.
Further studies with protocol biopsies for all suspected
primary kidney disease recurrence cases would be required
to measure the true primary kidney disease recurrence rate
to determine the impact of ascertainment bias. Such a
study would be difficult to justify ethically because it ex-
poses patients to the risks of a kidney biopsy, the results of
which are unlikely to change their disease management.

Primary kidney disease recurrence affected 7.4% and
graft failure affected 17.1% of participants. Due to the
small number of events, the absence of an interaction
between primary kidney disease type and donor related-
ness will require confirmation in a larger cohort. Finally,
our study was a retrospective observational study (registry
analysis) with limitations associated with unmeasured
confounders.

The major strength of this study is the use of a bina-
tional kidney failure registry to investigate the effect of
primary kidney disease type and donor relatedness in the
modern era. Majority monogenic and minority monogenic
primary kidney diseases were associated with reduced
AJKD Vol 82 | Iss 5 | November 2023
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primary kidney disease recurrence compared with other
primary kidney disease. Majority monogenic primary
kidney disease was associated with reduced graft failure
compared with other primary kidney disease. Donor
relatedness was not associated with primary kidney disease
recurrence nor with graft failure. There was no interaction
between primary kidney disease type and donor related-
ness in primary kidney disease recurrence or graft failure.
Our findings inform the clinical care and prognostication
of live donor kidney transplant recipients in terms of
potential recipient and graft outcomes. This includes
illuminating clinical scenarios for heightened focus on
non-monogenic primary kidney diseases and managing
underlying comorbidities. These findings are important for
counseling with regard to outcomes after live donor kid-
ney transplantation for potential recipients in the context
of their individualized primary kidney disease and donor
source.
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Association of Primary Kidney Disease Type and Donor-Relatedness 
With Live Donor Kidney Transplant Outcomes 

Results 

Retrospective 
observational study  

Primary kidney disease (KD) 

CON CONCLUSION: Monogenic primary KD is associated with lower rates of primary KD recurrence 
and allograft failure. Donor relatedness was not associated with allograft outcomes.  

Setting & Participants 

N = 5,500  
living donor 
kidney transplants 

ANZDATA registry 
analysis 

Donor relatedness 

Primary KD 
Type 

Primary KD 
Recurrence Graft Failure 

Majority 
Monogenic 

0.58  
(0.42-0.79)  
P<0.001 

0.86  
(0.74-0.99)  
P=0.04 

Minority 
Monogenic 

0.64  
(0.47-0.87)  
P=0.004 

0.97  
(0.83-1.13)  
P=0.7 

Compared With Other Primary KD 

• No association between donor relatedness 
and graft outcomes 

• No interaction between primary KD type and 
donor relatedness 

Exposures 

1998-2018 

kidney dis

Exposure

• Immediate relative: 0° and 1° relatives  
• Distant relative: 2° and 3° relatives 
• Unrelated: genetically unrelated 

 

• Majority monogenic 
• Minority monogenic 
• Other primary KD 

Adjusted HR (95%CI) 
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