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ABSTRACT
Objectives  This study aimed to identify distinct clusters 
of very elderly kidney transplant recipients aged ≥80 and 
assess clinical outcomes among these unique clusters.
Design  Cohort study with machine learning (ML) 
consensus clustering approach.
Setting and participants  All very elderly (age ≥80 at time 
of transplant) kidney transplant recipients in the Organ 
Procurement and Transplantation Network/United Network 
for Organ Sharing database database from 2010 to 2019.
Main outcome measures  Distinct clusters of very elderly 
kidney transplant recipients and their post-transplant 
outcomes including death-censored graft failure, overall 
mortality and acute allograft rejection among the assigned 
clusters.
Results  Consensus cluster analysis was performed 
in 419 very elderly kidney transplant and identified 
three distinct clusters that best represented the clinical 
characteristics of very elderly kidney transplant recipients. 
Recipients in cluster 1 received standard Kidney Donor 
Profile Index (KDPI) non-extended criteria donor (ECD) 
kidneys from deceased donors. Recipients in cluster 2 
received kidneys from older, hypertensive ECD deceased 
donors with a KDPI score ≥85%. Kidneys for cluster 2 
patients had longer cold ischaemia time and the highest 
use of machine perfusion. Recipients in clusters 1 and 2 
were more likely to be on dialysis at the time of transplant 
(88.3%, 89.4%). Recipients in cluster 3 were more likely 
to be preemptive (39%) or had a dialysis duration less 
than 1 year (24%). These recipients received living donor 
kidney transplants. Cluster 3 had the most favourable 
post-transplant outcomes. Compared with cluster 3, 
cluster 1 had comparable survival but higher death-
censored graft failure, while cluster 2 had lower patient 
survival, higher death-censored graft failure and more 
acute rejection.
Conclusions  Our study used an unsupervised ML 
approach to cluster very elderly kidney transplant 
recipients into three clinically unique clusters with 
distinct post-transplant outcomes. These findings 
from an ML clustering approach provide additional 
understanding towards individualised medicine and 
opportunities to improve care for very elderly kidney 
transplant recipients.

INTRODUCTION
In recent years, the number of elderly patients 
with end-stage kidney disease (ESKD) has 
increased substantially worldwide, paralleling 
the global ageing population and improved 
dialysis survival.1–4 In the USA, there are 
currently over 120 000 patients with ESKD 
aged 75 years or older.5 These patients 
account for more than 16% of the ESKD 
population.6 Previous studies have consis-
tently demonstrated kidney transplantation 
as the best treatment for ESKD, extending 
survival and improving quality of life across 
all age groups, including those aged older 
than 70.7–13 There has consequently been 
an increase in the referral of older patients 
for kidney transplantation, and a general 
consensus is that age alone should not repre-
sent a barrier to kidney transplantation.14–18

In the recent decade, the number of very 
elderly (aged ≥80) patients with ESKD has 
risen substantially.19 20 This has resulted in 
an increase in number of kidney transplant 
referrals and surgeries for octogenarians.21 
While overall post-transplant survival in very 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Very elderly kidney transplant patients have diverse 
characteristics that can lead to variable outcomes.

WHAT IS THIS STUDY ADD
	⇒ The machine clustering approach produced three 
phenotypic clusters of very elderly kidney transplant 
recipients aged ≥80 with differing posttransplant 
outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our approach identifies targets for individualised 
medicine and opportunities to improve care for very 
elderly kidney transplant recipients.
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elderly kidney transplant recipients aged ≥80 has been 
reported to be lower than younger patients, studies have 
demonstrated that survival is still improved compared 
with remaining dialysis dependent.12 22 Octogenarians 
with ESKD experience a rapid loss of functional status 
and quality of life.23 In addition, very elderly patients 
with ESKD have high mortality with a median survival 
after dialysis initiation in the USA of 15.6 months for 
patients aged 80–84 and 11.6 months for patients aged 
85–89.5 While several studies have demonstrated that 
kidney transplantation has excellent outcomes, including 
patient and graft survival, in carefully selected octogenar-
ians,12 22 24 there have been concerns regarding increased 
perioperative mortality, length of hospital stay, rates of 
graft loss in very elderly kidney transplant recipients aged 
≥80 as well as the need to balance recipient benefit with 
the ongoing organ shortage.25–28 A prior study of Organ 
Procurement and Transplantation Network (OPTN)/
United Network for Organ Sharing database (UNOS) 
database of 471 octogenarians transplanted between 1988 
and 2013 demonstrated increased risk of graft failure 
and decreased survival among this patient population.25 
However, kidney transplant patients, including the very 
elderly, have diverse characteristics that include recipient, 
donor and transplant-related factors that can lead to vari-
able outcomes.12 22 24 25

Artificial intelligence and machine learning (ML) have 
been applied in medicine to develop clinical decision 
support tools that can improve and individualise health-
care, including organ transplantation.29–36 Unsupervised 
consensus clustering is ML adopted to identify novel 
data patterns and distinct subtypes.37–39 It can uncover 
similarities and differences in large heterogenous data-
sets of clinical variables and categorise them into mean-
ingful clusters.37 38 Recent studies have shown that unique 
subtypes identified by ML consensus clustering approach 
can predict distinct clinical outcomes.40 41 Thus, ML 
consensus clustering approach may provide healthcare 
professionals with a novel understanding of distinct 
phenotypes of very elderly kidney transplant recipients 
with separate outcomes. This may translate to strategies 
that improves clinical outcomes.

In this study, UNOS/OPTN database from 2010 to 
2019 was analysed using an ML unsupervised clustering 
approach to identify distinct clusters of very elderly 
kidney transplant recipients aged ≥80 and evaluate the 
clinical outcomes among these unique clusters.

MATERIALS AND METHODS
Data source and study population
We reviewed kidney transplant recipients in the USA from 
2010 to 2019 in the OPTN/UNOS database to represent 
the current era of newer immunosuppressant agents.31 42 
We included patients aged 80 years or older at the time 
of kidney transplant. We excluded patients who received 
combined kidney transplant with other organs.

Data collection
We abstracted a comprehensive list of clinically perti-
nent recipient-related, donor-related and transplant-
related characteristics for inclusion in the cluster 
analysis. These factors included recipient age, sex, race, 
body mass index, kidney retransplant, dialysis vintage, 
ESKD aetiology, comorbidities, panel reactive antibody 
(PRA), hepatitis B, hepatitis C and HIV serostatus; Karn-
ofsky performance status index, working income, insur-
ance status, US residency status, education level, serum 
albumin, kidney donor type, ABO incompatibility, 
donor age, sex and race; donor history of hypertension, 
Kidney Donor Profile Index (KDPI), HLA mismatch, 
cold ischaemia time, kidney on pump, delayed graft 
function (DGF), allocation type, Epstein-Barr virus and 
cytomegalovirus status; and type of induction and main-
tenance immunosuppression. All of these extracted 
variables had less than 5% of missing data (online 
supplemental eTable 1). Any missing data were imputed 
using multivariable imputation by chained equation 
(MICE) method.43

Clustering analysis
ML was used via an unsupervised consensus clustering 
analysis to categorise kidney transplant recipients aged 
≥80 into clinical phenotypes.44 Due to the presence of 
mixed data, we computed pairwise distances between 
each observation using partitioning around medoids 
with Gower distance matrix.37 We prescribed a prespec-
ified subsampling parameter of 80% with 100 iterations 
and number of potential clusters (k) ranging from 2 to 
10 in order to avoid generating an excessive number 
of clusters. The optimal number of clusters was estab-
lished by appraising the consensus matrix (CM) heat 
map, cumulative distribution function (CDF), cluster-
consensus plots with the within-cluster consensus scores, 
and the ambiguously clustered pairs (PAC) proportions. 
The within-cluster consensus score, ranging between 0 
and 1, was defined as the average consensus value for 
all pairs of individuals belonging to the same cluster. A 
value closer to one indicates better cluster stability. PAC, 
ranging between 0 and 1, was calculated as the propor-
tion of all sample pairs with consensus values falling 
within the predetermined boundaries.37 A value closer 
to zero indicates better cluster stability.37 For reproduc-
ibility, the details of the consensus cluster algorithms 
used in this study are provided in online supplemental 
eMethods.

Outcomes
Post-transplant outcomes included patient mortality, 
death-censored graft failure 5 years after kidney trans-
plant, and acute allograft rejection within 1 year of kidney 
transplant. Death-censored graft failure was defined as 
need for dialysis or kidney retransplant. Patients were 
censored for death or at last follow-up date as per report 
to the OPTN/UNOS database.
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Statistical analysis
After individual patients were assigned to a cluster using 
the ML consensus clustering analysis, we subsequently 
performed statistical analyses to compare the characteris-
tics and outcomes of the assigned clusters. Differences in 
clinical characteristics between the assigned clusters were 
evaluated using analysis of variance for continuous vari-
ables and χ2 test for categorical variables. We determined 
the key characteristics of each cluster by using the stan-
dardised mean difference with a cut-off of >0.3 between 
each cluster and the overall cohort. The Kaplan-Meier 
method was used to estimate the cumulative risk of death-
censored graft failure and death after kidney transplant. 
We assessed the risk of death-censored graft failure and 
death among the assigned clusters by using Cox propor-
tional hazard analysis. We did not adjust the HR for the 
clinical characteristic differences between the assigned 
clusters because the unsupervised consensus clustering 
approach intentionally created clinically distinct clus-
ters. We used R, V.4.0.3 (RStudio, Boston, Massachu-
setts; http://www.rstudio.com/); ConsensusClusterPlus 
package (V.1.46.0) for consensus clustering analysis, and 
the MICE command in R for MICE.43

RESULTS
A total of 158 367 adult patients received kidney trans-
plants from 2010 to 2019 in the USA. Of these, 419 
(0.3%) were 80 years or older. Therefore, we performed 
ML consensus clustering analysis on a total of 419 very 
elderly kidney transplant recipients. Table  1 shows the 
recipient, donor and transplant-related characteristics of 
the patients. The median age was 81 (IQR 80–82) years.

Online supplemental eFigure 1A shows the UNOS 
regions for each clusters the CDF consensus distribu-
tions plot for each cluster of kidney transplant recipients 
aged ≥80; the delta area plot demonstrates the relative 
change in area beneath the CDF curves (online supple-
mental eFigure 1B). The greatest differences in area 
occurred between k=2 and k=4, where thereafter the rela-
tive increase in area became perceptibly smaller. Cluster 
2 and cluster 3 had better distinct cluster boundaries than 
cluster 4 and cluster 5, indicative of good cluster stability 
over repeated iterations (CM heat map online supple-
mental eFigures 1C, 2–10). The mean cluster consensus 
scores of cluster 2 and cluster 3 were comparable (p=0.78) 
and higher than other clusters (figure 1). Cluster 3 had 
favourable low PAC compared with cluster 2 (online 
supplemental eFigure 11). Thus, using baseline variables 
at the time of transplant, the consensus clustering analysis 
identified three clusters that best represented the data 
pattern of kidney transplant recipients aged ≥80 in the 
USA.

Clinical characteristics of each very elderly kidney transplant 
cluster
Overall, very elderly kidney transplant recipients were 
more likely to be white (74%) and have glomerular 

kidney disease (43%). Comorbidities such as diabetes 
(28%) and peripheral vascular disease (11%) were less 
common. The majority of recipients had good functional 
status (Karnofsky Performance Scale score 80%–100%, 
67%). In this cohort, consensus clustering analysis iden-
tified three clinically distinct clusters. Cluster 1 had 154 
(37%) patients, cluster 2 had 152 (36%) patients and 
cluster 3 had 113 (27%) patients. These three clusters 
were clinically unique, as shown in table 1.

Based on the standardised mean difference (figure 2), 
cluster 1 recipients received deceased donor kidney trans-
plants from younger, male, non-hypertensive and non-
extended criteria donor (ECD) donors with standard 
KDPI score (KDPI <85%). In contrast, cluster 2 recipients 
received deceased donor kidney transplants from older, 
hypertensive ECD deceased donors with a KDPI score 
≥85%. Other identified key characteristics for cluster 2 
included a greater number of HLA mismatches, longer 
cold ischaemia time and highest use of machine perfu-
sion for the transplanted kidney. Recipients in clusters 1 
and 2 were more likely to be on dialysis at the time of 
transplant (88.3%, 89.4%). By contrast, cluster 3 recip-
ients were more likely to be preemptive (39%) or had 
dialysis duration less than 1 year (24%) prior to a kidney 
transplant. Cluster 3 recipients received living donor 
kidney transplants, had the shorted cold ischaemia time 
and the lowest incidence of DGF. Cluster 3 recipients had 
the lowest number of HLA mismatches and were more 
likely to receive non-depleting induction (basiliximab).

Online supplemental eFigure 12 and eTable 2 show the 
UNOS regions for each cluster. Region 6 (Alaska, Hawaii, 
Idaho, Montana, Oregon, Washington) had the highest 
proportion of cluster 1 recipients. Region 1 (Connecticut, 
Eastern Vermont, Maine, Massachusetts, New Hampshire, 
Rhode Island) had the highest proportion of cluster 2 
recipients. Region 7 (Illinois, Minnesota, North Dakota, 
South Dakota and Wisconsin) had the highest proportion 
of cluster 3 recipients.

Post-transplant outcomes of each very elderly kidney 
transplant cluster
Table  2 shows cluster-based post-transplant outcomes. 
One-year patient survival for clusters 1, 2 and 3 was 93.3%, 
88.5% and 96.9%; 5-year patient survival was 66.0%, 
45.8%, 61.4%, respectively (p<0.001) (figure 3A). Cluster 
1 had comparable mortality compared with cluster 3, but 
cluster 2 had higher 1-year and 5-year mortality with HR 
of 4.03 (95% CI 1.34 to 17.31) and 2.05 (95% CI 1.25 to 
3.50), respectively. One-year and 5-year death-censored 
graft survival was 96.4%% and 91.5% in cluster 1, 89.9% 
and 80.6%% in cluster 2, and 100.0% and 98.3% in 
cluster 3 (p<0.001) (figure 3B). Both cluster 1 and cluster 
2 had higher death-censored graft failures compared with 
cluster 3, with 5-year HRs of 6.38 (95% CI 1.20 to 117.58) 
and 16.39 (95% CI 3.43 to 293.65), respectively. The 
incidence of acute allograft rejection within 1 year after 
kidney transplant was 2.0% in cluster 1, 6.6% in cluster 2, 
and 0% in cluster 3 (p=0.01), (table 2).
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Table 1  Clinical characteristics according to clusters of very elderly kidney transplant recipients

All (n=419)
Cluster 1 
(n=154) Cluster 2 (n=152)

Cluster 3 
(n=113) P value

Recipient age (year) 81.4±1.7 81.6±1.8 81.5±1.8 81.0±1.4 0.01

Recipient male sex 336 (80) 120 (78) 122 (80) 94 (83) 0.57

Recipient race <0.001

 � White 310 (74) 117 (76) 97 (64) 96 (85)

 � Black 52 (12) 21 (14) 26 (17) 5 (4)

 � Hispanic 38 (9) 11 (7) 15 (10) 12 (11)

 � Other 19 (5) 5 (3) 14 (9) 0 (0)

ABO blood group 0.14

 � A 162 (39) 55 (36) 62 (41) 45 (40)

 � B 59 (14) 27 (17) 18 (12) 14 (12)

 � AB 25 (6) 14 (9) 9 (6) 2 (2)

 � O 173 (41) 58 (38) 63 (41) 52 (46)

Body mass index (kg/m2) 26.5±4.2 26.7±3.7 26.6±4.4 27.3±4.3 0.004

Kidney retransplant 9 (2) 6 (4) 2 (1) 1 (1) 0.17

Dialysis duration <0.001

 � Preemptive 78 (19) 18 (11) 16 (10) 44 (39)

 � <1 year 52 (12) 15 (10) 10 (7) 27 (24)

 � 13 years 161 (38) 72 (47) 72 (47) 17 (15)

 � >3 years 128 (31) 49 (32) 54 (36) 25 (22)

Cause of end-stage kidney disease

 � Diabetes mellitus 96 (23) 32 (21) 34 (22) 30 (26) 0.53

 � Hypertension 47 (11) 16 (10) 13 (9) 18 (16) 0.2

 � Glomerular disease 182 (43) 70 (46) 71 (47) 41 (36) 0.16

 � PKD 19 (5) 8 (5) 8 (5) 3 (3) 0.53

 � Other 75 (18) 28 (18) 26 (17) 21 (19) 0.95

Comorbidity

 � Diabetes mellitus 119 (28) 42 (27) 43 (28) 34 (30) 0.88

 � Malignancy 128 (31) 44 (29) 41 (27) 43 (38) 0.12

 � Peripheral vascular disease 47 (11) 19 (12) 15 (10) 13 (12) 0.79

PRA (%), median (IQR) 0 (0, 0) 0.0 (0, 6) 0.0 (0, 0) 0.0 (0, 3) 0.02

Positive HCV serostatus 8 (2) 5 (3) 0 (0) 3 (3) 0.09

Positive HBs antigen 5 (1) 3 (2) 0 (0) 2 (2) 0.24

Positive HIV serostatus 0 (0) 0 (0) 0 (0) 0 (0)

Functional status 0.99

 � 10%–30% 0 (0) 0 (0) 0 (0) 0 (0)

 � 40%–70% 140 (33) 51 (33) 51 (34) 38 (34)

 � 80%–100% 279 (67) 103 (67) 101 (66) 75 (66)

Working income 55 (13) 23 (15) 13 (9) 19 (17) 0.1

Public insurance 356 (85) 134 (87) 131 (86) 91 (81) 0.3

US resident 416 (99) 153 (99) 152 (100) 111 (98) 0.24

Undergraduate education or above 272 (65) 101 (66) 90 (59) 81 (72) 0.11

Serum albumin (g/dL) 3.9±0.4 4.0±0.4 3.9±0.4 3.9±0.4 0.03

Kidney donor status <0.001

 � Non-ECD deceased 181 (43) 145 (94) 14 (9) 22 (20)

Continued
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All (n=419)
Cluster 1 
(n=154) Cluster 2 (n=152)

Cluster 3 
(n=113) P value

 � ECD deceased 138 (33) 0 (0) 133 (88) 5 (4)

 � Living 100 (24) 9 (6) 5 (3) 86 (76)

ABO incompatibility 1 (0) 0 (0) 0 (0) 1 (1) 0.26

Donor age (year) 50.1±14.8 36.4±12.4 61.7±6.5 53.0±10.3 <0.001

Donor male sex 220 (53) 112 (73) 62 (41) 46 (41) <0.001

Donor race <0.001

 � White 311 (74) 106 (69) 106 (70) 99 (88)

 � Black 44 (11) 25 (16) 17 (11) 2 (2)

 � Hispanic 50 (12) 17 (11) 21 (14) 12 (11)

 � Other 14 (3) 6 (4) 8 (5) 0 (0)

History of hypertension in donor 163 (39) 35 (23) 111 (73) 17 (15) <0.001

KDPI <0.001

 � Living donor 100 (24) 9 (6) 5 (3) 86 (76)

 � KDPI <85% 212 (51) 141 (92) 46 (30) 25 (22)

 � KDPI ≥85% 107 (26) 4 (3) 101 (66) 2 (2)

HLA mismatch, median (IQR) 4 (35) 5 (45) 5 (45) 3 (24) <0.001

Cold ischaemia time (hours) 15.0±10.9 17.7±9.7 19.5±9.1 5.2±8.2 <0.001

Kidney on pump 179 (43) 75 (49) 96 (63) 8 (7) <0.001

Delay graft function 107 (26) 44 (29) 53 (35) 10 (9) <0.001

Allocation type <0.001

 � Local 331 (78) 121 (79) 102 (67) 108 (96)

 � Regional 44 (11) 14 (9) 29 (19) 1 (1)

 � National 44 (11) 19 (12) 21 (14) 4 (3)

EBV status 0.42

 � Low risk 6 (1) 4 (3) 0 (0) 2 (2)

 � Moderate risk 377 (90) 136 (88) 139 (91) 102 (90)

 � High risk 36 (9) 14 (9) 13 (9) 9 (8)

CMV status 0.09

 � D-/R- 49 (12) 21 (14) 12 (8) 16 (14)

 � D-/R+ 103 (25) 40 (26) 32 (21) 31 (27)

 � D+/R+ 194 (46) 62 (40) 86 (57) 46 (41)

 � D+/R- 73 (17) 31 (20) 22 (15) 20 (18)

Induction immunosuppression

 � Thymoglobulin 159 (38) 67 (44) 65 (43) 27 (24) 0.002

 � Alemtuzumab 12 (3) 6 (4) 3 (2) 3 (3) 0.59

 � Basiliximab 204 (49) 57 (37) 73 (48) 74 (65) <0.001

 � Other 18 (4) 10 (7) 7 (5) 1 (1) 0.08

 � No induction 47 (11) 22 (14) 13 (9) 12 (11) 0.28

Maintenance Immunosuppression

 � Tacrolimus 376 (90) 133 (86) 135 (89) 108 (96) 0.04

 � Cyclosporine 3 (1) 1 (1) 2 (1) 0 (0) 0.45

 � Mycophenolate 370 (88) 133 (86) 135 (89) 102 (90) 0.6

 � Azathioprine 1 (0) 0 (0) 0 (0) 1 (1) 0.26

 � mTOR inhibitors 2 (1) 0 (0) 2 (1) 0 (0) 0.17

Table 1  Continued

Continued
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DISCUSSION
Previous studies analysing the UNOS dataset of kidney 
transplant recipients ≥80 years old described the overall 
patient characteristics as primarily white males (>80%) 
who received a kidney (from donors approximately 50 
years in age) with a mean cold ischaemia time of 16.72 
hours.24 25 By applying an ML approach, our present 
study demonstrates greater heterogeneity among this 
patient population, and our ML consensus cluster anal-
ysis successfully identified three clusters of very elderly 
kidney transplant recipient with unique clinical charac-
teristics and associated post-transplant outcomes.

Cluster 1 recipients were more likely to be on dialysis 
at the time of transplant, and receive a deceased donor 
kidney transplant from a younger non-ECD KDPI <85% 
male donor without hypertension. Recipients in cluster 2 
were also more likely to be on dialysis at the time of trans-
plant. Cluster 2 recipients however received deceased 
donor kidneys from older, hypertensive, ECD donors 
with KDPI scores ≥85%. Cluster 2 recipients had a greater 
number of HLA mismatches, the longest cold ischaemia 
time and the highest use of machine perfusion for the 
transplanted kidney. In contrast, cluster 3 recipients were 
more likely to either be preemptive or be on dialysis for 
less than 1 year prior to kidney transplant. Cluster 3 recip-
ients received living donor kidney transplants, had the 
lowest number of HLA mismatches and were more likely 
to receive nondepleting induction therapy. Glomerular 
disease was the most common indication for transplant 
in all clusters (43%). Recipients in all clusters also had 
good functional status with an overall low incidence of 
diabetes and peripheral vascular disease. Acute rejection 
events were low in all clusters. Among the three clus-
ters, cluster 3 had the most favourable post-transplant 
outcomes specific to patient survival and death-censored 
graft failure.

Patients in all clusters were unlikely to be sensitised 
(low PRA). The number of HLA mismatches was highest 

in clusters 1 and 2 and lowest in cluster 3, which is likely 
a reflection of living-related kidney donation. Despite the 
low PRA in clusters 1 and 2, depleting induction (thymo-
globulin, alemtuzumab) was used in a significant number 
of recipients (table  1). Overall rates of acute rejection 
were low in all clusters ranging from 0% in cluster 3 to 
6.6% in cluster 2. Cluster 2 patients had the highest acute 
rejection rates at 1 year. It can be hypothesised that this 
may be due to the higher number of HLA mismatches, 
longer cold ischaemia time and higher occurrence of DGF 
compared with the other clusters. Cluster 3 recipients 
had the lowest incidence of acute rejection (0%) at 1 year 
among all clusters despite more patients receiving non-
depleting induction (basiliximab) and steroid-sparing 
regimens. These recipients had the lowest number of 

All (n=419)
Cluster 1 
(n=154) Cluster 2 (n=152)

Cluster 3 
(n=113) P value

 � Steroid 254 (61) 98 (64) 94 (62) 62 (55) 0.33

SI conversion: serum albumin: g/dL × 10 = g/L.
CMV, cytomegalovirus; D, donor; EBV, Epstein-Barr virus; ECD, extended criteria donor; HBs, hepatitis B surface; HCV, hepatitis C virus; 
KDPI, Kidney Donor Profile Index; mTOR, mammalian target of rapamycin; PKD, polycystic kidney disease; PRA, panel reactive antibody; R, 
recipient.

Table 1  Continued

Figure 1  Mean cluster consensus score.

Figure 2  Mean standardized difference across 3 clusters 
for each baseline characteristics. CMV, cytomegalovirus; 
DGF, delayed graft function; EBV, Epstein-Barr virus; ECD, 
extended criteria donor.
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HLA mismatches and DGF, and these factors may have 
contributed to the low incidence of rejection. It has been 
suggested that the risk for acute rejection is lower in older 
kidney transplant recipients due to immunosenescence. 
Recent evidence suggests that lower-intensity immuno-
suppression regimens (steroid-sparing) offer benefi-
cial outcomes in older kidney transplant recipients by 
balancing risk for rejection and also helping to minimise 

immunosuppression side effects.45 Among very elderly 
kidney transplant recipients aged ≥80, the findings of 
our ML consensus cluster analysis confirms that lower-
intensity immunosuppression regimens appears safe with 
low risk of rejection for patients with clinical characteris-
tics shown in clusters 1 and 3.

Key features for cluster 3 recipients included preemp-
tive kidney transplantation or dialysis duration for less 
than 1 year prior kidney transplant. The majority of 
recipients in cluster 3 received living donor kidney trans-
plants from non-hypertensive donors. Transplantation 
in the elderly, particularly for those beyond the age of 
80 years, is often a strongly debated topic that takes into 
account benefit to the recipient and judicious use of a 
scare resource.25–28 For elderly recipients, there can be 
additional controversy over the use of a living donor 
kidney due to overall lower survival as a general limitation 
of age and comorbidities.28 In this study, cluster 3 recipi-
ents had the best survival, 96.9% at 1 year, and the lowest 
risk for graft loss. Hypertension and diabetes, generally 
account for a significant proportion of kidney transplants 
in the elderly.16 46 In our analysis, glomerular disease was 
the most common kidney disease aetiology (43%) for all 
three clusters. Moreover, comorbidities such as diabetes 
(28%) and peripheral vascular disease (11%) were less 
common and the majority of recipients had a Karnofsky 
functional score ranging from 80%–100%. These data 
suggest that the recipient profile for kidney transplant 
recipients greater than 80 years of age differs to that of all 
kidney transplant recipients aged greater than 65 years of 
age. Overall, 1-year and 5-year patient survival was 93% 
and 66% in cluster 1, 88% and 46% in cluster 2, and 97% 
and 61% in cluster 3. Recipients in clusters 1 and 3 had 
comparable patient survival, and cluster 2 patients had 
the highest mortality, despite comparable factors between 
cluster 1 and 2 for post-transplant patient survival in older 
kidney transplant recipients such as recipients age, dial-
ysis vintage, comorbidities and functional status.47 48

One-year and five year death-censored graft survival was 
96% and 91% in cluster 1, 90% and 81% in cluster 2, and 

Table 2  Post-transplant outcomes according to the clusters

Cluster 1 Cluster 2 Cluster 3

1-year death 6.7% 11.5% 3.1%

HR for 1-year death 2.23 (0.66–10.04) 4.03 (1.34–17.31) 1 (ref)

5-year death 33.9% 54.2% 38.6%

HR for 5-year death 0.96 (0.55–1.71) 2.05 (1.25–3.50) 1 (ref)

1-year death-censored graft failure 3.6% 10.2% 0%

HR for 1-year death-censored graft failure N/A* N/A* 1 (ref)

5-year death-censored graft failure 8.5% 19.4% 1.7%

HR for 5-year death-censored graft failure 6.38 (1.20–117.58) 16.39 (3.43–293.65) 1 (ref)

1-year acute rejection 2.0% 6.6% 0%

*HR was be calculated due to no event in the reference group.
N/A, not available.

Figure 3  Kaplan-Meier plots for (A) death-censored graft 
survival and (B) patient survival.

B
M

J S
urgery, Interventions, &

 H
ealth T

echnologies: first published as 10.1136/bm
jsit-2022-000137 on 20 F

ebruary 2023. D
ow

nloaded from
 https://sit.bm

j.com
 on 23 A

pril 2024 by guest. P
rotected by

 copyright.



8 Thongprayoon C, et al. BMJ Surg Interv Health Technologies 2023;5:e000137. doi:10.1136/bmjsit-2022-000137

Open access�

100% and 98% in cluster 3, respectively. Cluster 2 patients 
had the highest death-censored graft failure at 5 years 
among the clusters. The highest of proportion of cluster 2 
recipients were in UNOS Region 1. Lower graft survival in 
cluster 2 may be explained by donor quality as these recip-
ients were more likely to receive deceased donor kidney 
transplants from hypertensive ECD deceased donors with 
a KDPI score ≥85%. Kidneys from donor with a KDPI 
score greater than >85%, so-called high KDPI kidneys, 
are known to have shorter graft survival, and are often 
reserved for older recipients who have comorbidities, 
like diabetes and cardiovascular disease, that otherwise 
limit their long-term survival.16 In this study, the overall 
incidence of diabetes and peripheral vascular disease was 
lower for recipients above the age of 80 years and the 
primary indication for transplant was glomerular disease. 
As such, patients above the age of 80 years who meet 
criteria to qualify for a transplant may be less likely to have 
other common comorbidities, such as diabetes, and be 
self-selected to have better survival that extends beyond 
the standard survival for an elderly kidney transplant 
recipient and a high KDPI kidney. In our ML clustering 
analysis, both cluster 3 recipients who were more likely to 
received preemptive living donor kidney transplants and 
cluster 1 recipients receiving standard non-ECD deceased 
donor kidney transplants had better death-censored graft 
survival than cluster 2 recipients.

Our study has several limitations. The UNOS database 
has inherent limitations including lack of granular data 
regarding cause of patient death and graft loss. In addi-
tion, we applied ML cluster analysis on a retrospectively 
reported multicentre database. All very elderly kidney 
transplant recipients have undergone a comprehen-
sive pretransplant evaluation, however, each transplant 
programme has differing criteria for the management of 
patients prior, during and after transplant.49 Furthermore, 
some transplant programmes currently offer kidney trans-
plantation only to older candidates with living donors 
due to concern of waitlist mortaility and perioperative 
morbidity and mortality.50 51 Third, while it is possible that 
missing data were not completely random, all variables in 
our study had missing data <5%. Therefore, it is unlikely 
that missing data imputation would substantially alter 
the result of our analysis. In addition, unlike supervised 
ML that data model bias is a challenge, an unsupervised 
learning clustering algorithm has parameters that control 
the model’s flexibility to fit the data and can learn bias 
from dataset. Nevertheless, unsupervised models can still 
encounter particular biases in data composition. Thus, 
the potential gender and racial bias based on populations’ 
ethnic backgrounds or geographical locations should be 
noted. Lastly, data on quality-of-life post-transplant are 
limited in the UNOS database.52 53 While cluster 2 had the 
worst post-transplant outcomes among all clusters, future 
studies assessing the quality of life in this cluster of very 
elderly kidney transplant recipients aged ≥80 are needed.

Despite limitations, our study using an unsupervised 
ML clustering approach identifies distinct clusters within 

kidney transplant recipients aged ≥80 years. While the 
survival benefits of kidney transplant in octogenarians 
have previously been compared with remaining on dial-
ysis,7 12 22 24 54 the findings of our study provide further 
insights into the different allograft and patient outcomes 
among the unique phenotypic subtypes of very elderly 
kidney transplant recipients. Glomerular disease was 
the most common kidney disease aetiology (43%) for all 
clusters and comorbidities such as diabetes (28%) and 
peripheral vascular disease (11%) were less common. 
The majority of recipients in all clusters had a Karnofsky 
functional score ranging from 80% to 100%. Despite 
advanced age, cluster 3 recipients, who were largely 
preemptive and received living donor kidney transplants, 
had favourable outcomes (both allograft and patient 
survival) comparable to younger kidney transplant recip-
ients. Compared with cluster 3, cluster 1 recipients had 
comparable survival but higher death-censored graft 
failure, while recipients in cluster 2 had the worst post-
transplant outcomes specific to patient survival and 
death-censored graft failure. Cluster 2 recipients also had 
the highest incidence of acute rejection (6.6% vs 2.0% 
and 0%). Future studies are required to better identify 
specific differences between cluster 2 recipients, who had 
less than 50% survival at 5 years post-transplant, compared 
with recipients in clusters 1 and 3 so as to better guide 
clinical and patient decision making specific to trans-
plant. In addition, while the findings of unsupervised ML 
clustering approach in this study provide detailed infor-
mation on distinct phenotypes of kidney recipients aged 
≥80 in the USA and associated outcomes with differing 
post-transplant outcomes, ML clustering algorithms have 
their limitations that do not directly generate risk predic-
tion for each individual. Thus, future studies assessing the 
utilisation of supervised ML prediction models for trans-
plant outcomes among kidney transplant recipients ≥80 
in the USA are required.

The ML clustering approach produced three pheno-
typic clusters of very elderly kidney transplant recipients 
aged ≥80 in the USA. Post-transplant outcomes differed 
among the clusters including variability in allograft rejec-
tion, allograft loss and patient mortality. Our study also 
demonstrated a varying geographical distribution of 
kidney recipients aged ≥80 in the USA in the different 
UNOS Regions in the USA. Our approach identifies 
targets for individualised medicine and opportunities to 
improve care for very elderly kidney transplant recipients, 
particularly those within cluster 2 subtype.
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