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Tacrolimus + 
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Diabetes, infection
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infectious diseases

Reduced early 
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Medium to long term graft survival



Methods

Data extracted from 
ANZDATA - kidney 

transplants completed in 
Australia + New Zealand 

between 1995-2014

1st kidney transplant, age 
>18 years old at transplant 

included in analyses

Exposure: year of transplant in 5 year intervals
1995-99, 2000-04, 2005-09, 2010-14

Co-variates: primary kidney disease, recipient 
gender, recipient ethnicity, recipient age, 
smoking status, diabetes, coronary artery 
disease, peripheral vascular disease, dialysis 
vintage, recipient body mass index (BMI), 
human leukocyte antigen (HLA) mismatches, 
total ischaemia time, donor gender, donor age, 
donor type and immunosuppression regimen 

Primary outcome: 5- year all-cause graft failure

Secondary outcome: 10-year all-cause graft 
failure, cause-specific graft failure

All analyses completed in R
Bivariate comparisons
Kaplan-Meier curves

Univariable + multivariable Cox 
regression models

Cumulative incidence functions



16,552 kidney transplants 
completed in Australia + 
New Zealand between 

1995-2014

• 73 excluded due to <18 year 
old at time of transplant

• 3,463 excluded due to 
previous kidney transplant 
outside of study dates

• 2,145 excluded due to 
missing data

13,016 cases remaining

10,871 cases included in 
analyses



Transplanting higher risk donors and recipients

Characteristics
1995-1999

n=1,939
2000-2004

n=2,312
2005-2009

n=3,023
2010-2014

n=3,597
P-value

Recipient age, years, median (IQR) 46 (19) 48 (20) 49 (20) 52 (19) <0.001
Diabetes mellitus 299 (15%) 421 (18%) 543 (18%) 837 (23%) <0.001
Coronary artery disease 188 (9.7%) 331 (14%) 496 (16%) 699 (19%) <0.001
Peripheral vascular disease 129 (6.7%) 211 (9.1%) 259 (8.6%) 390 (11%) <0.001
Dialysis vintage, years, median 

(IQR)

1.80 (2.44) 2.18 (3.00) 2.00 (3.49) 2.19 (3.69) <0.001

Recipient BMI, kg/m2 <0.001
<25 1,012 (52%) 1,062 (46%) 1,331 (44%) 1,404 (39%)
25-29.9 642 (33%) 818 (35%) 1,081 (36%) 1,270 (35%)
30+ 285 (15%) 432 (19%) 611 (20%) 923 (26%)

HLA mismatches <0.001
0-1 376 (19%) 350 (15%) 396 (13%) 409 (11%)
2-4 1,216 (63%) 1,322 (57%) 1,697 (56%) 1,909 (53%)
5-6 347 (18%) 640 (28%) 930 (31%) 1,279 (36%)

Donor age, years, median (IQR) 42 (27) 45 (25) 48 (21) 49 (22) <0.001
Abbreviations: ADPKD=autosomal dominant polycystic kidney disease, ATSI=Aboriginal and Torres Strait Islander, BMI=body 

mass index, HLA=human leukocyte antigen, IQR=interquartile range, kg=kilogram, m=metre



Characteristics
1995-1999

n=1,939
2000-2004

n=2,312
2005-2009

n=3,023
2010-2014

n=3,597
P-value

Recipient ethnicity <0.001
White 1,590 (82%) 1,899 (82%) 2,483 (82%) 2,766 (77%)
Asian 152 (7.8%) 183 (7.9%) 294 (9.7%) 416 (12%)
Maori 109 (5.6%) 128 (5.5%) 122 (4.0%) 227 (6.3%)
ATSI 75 (3.9%) 84 (3.6%) 99 (3.3%) 113 (3.1%)
Other 13 (0.7%) 18 (0.8%) 25 (0.8%) 75 (2.1%)

Primary kidney disease <0.001
Glomerular disease 962 (50%) 1,092 (47%) 1,355 (45%) 1,500 (42%)
Diabetes 247 (13%) 346 (15%) 408 (13%) 625 (17%)
ADPKD 236 (12%) 297 (13%) 496 (16%) 537 (15%)
Reflux nephropathy 193 (10%) 181 (7.8%) 257 (8.5%) 213 (5.9%)
Hypertension 62 (3.2%) 79 (3.4%) 136 (4.5%) 228 (6.3%)
Other 239 (12%) 317 (14%) 371 (12%) 494 (14%)

Recipient gender 0.034
Female 756 (39%) 898 (39%) 1,124 (37%) 1,315 (37%)
Male 1,183 (61%) 1,414 (61%) 1,899 (63%) 2,282 (63%)

Smoking status <0.001
Current 256 (13%) 292 (13%) 337 (11%) 367 (10%)
Former 620 (32%) 751 (32%) 967 (32%) 1,296 (36%)
Never 1,063 (55%) 1,267 (55%) 1,718 (57%) 1,925 (54%)

Donor gender <0.001
Female 857 (44%) 1,003 (43%) 1,510 (50%) 1,790 (50%)

Male 1,082 (56%) 1,309 (57%) 1,513 (50%) 1,807 (50%)
Donor type <0.001

Deceased 1,577 (81%) 1,689 (73%) 1,725 (57%) 2,513 (70%)
Living 362 (19%) 623 (27%) 1,298 (43%) 1,084 (30%)

Abbreviations: ADPKD=autosomal dominant polycystic kidney disease, ATSI=Aboriginal and Torres Strait Islander, BMI=body mass index, 

HLA=human leukocyte antigen, IQR=interquartile range, kg=kilogram, m=metre



Change in immunosuppression regimens over time

Characteristics
1995-1999

n=1,939
2000-2004

n=2,312
2005-2009

n=3,023
2010-2014

n=3,597
P-value

Anti-thymocyte globulin 94 (4.8%) 129 (5.6%) 104 (3.4%) 151 (4.2%) 0.001
Steroids <0.001

Steroid 1,772 (91%) 2,224 (96%) 2,973 (98%) 3,547 (99%)
None 167 (8.6%) 88 (3.8%) 50 (1.7%) 51 (1.4%)

Mechanistic target of rapamycin 

inhibitor

<0.001

Everolimus 12 (0.6%) 34 (1.5%) 70 (2.3%) 19 (0.5%)
Sirolimus 173 (8.9%) 88 (3.8%) 32 (1.1%) 3 (<0.1%)
Neither 1,754 (90%) 2,190 (95%) 2,921 (97%) 3,575 (99%)

Calcineurin inhibitor <0.001
Ciclosporin 1,811 (93%) 1,698 (73%) 1,300 (43%) 582 (16%)
Tacrolimus 66 (3.4%) 552 (24%) 1,611 (53%) 2,933 (82%)
Neither 62 (3.2%) 62 (2.7%) 112 (3.7%) 82 (2.3%)

Anti-metabolite <0.001
Azathioprine 994 (51%) 78 (3.4%) 25 (0.8%) 12 (0.3%)
Mycophenolate 704 (36%) 2,048 (89%) 2,905 (96%) 3,503 (97%)
Neither 241 (12%) 186 (8.0%) 93 (3.1%) 82 (2.3%)

Abbreviations: ADPKD=autosomal dominant polycystic kidney disease, ATSI=Aboriginal and Torres Strait Islander, BMI=body 

mass index, HLA=human leukocyte antigen, IQR=interquartile range, kg=kilogram, m=metre



Trends in all-cause graft failure

Characteristics
1995-1999

n=1,939
2000-2004

n=2,312
2005-2009

n=3,023
2010-2014

n=3,597
P-value

All cause-graft failure
1 year 143 (7.4%) 123 (5.3%) 113 (3.7%) 91 (2.5%) <0.001
2 year 173 (8.9%) 150 (6.5%) 140 (4.6%) 135 (3.8%) <0.001
5 year 303 (16%) 258 (11%) 261 (8.6%) 283 (7.9%) <0.001
10 year 505 (26%) 487 (21%) 520 (17%) NA <0.001



Improved 5-year all-cause graft failure

Characteristics
Adjusted

AHR (95% CI) P-value
Transplant era

1995-1999 Reference -
2000-2004 0.78 (0.67-0.91) 0.002
2005-2009 0.70 (0.59-0.83) <0.001
2010-2014 0.60 (0.50-0.73) <0.001

Characteristics
Unadjusted

HR (95% CI) P-value
Transplant era

1995-1999 Reference -
2000-2004 0.79 (0.69-0.90) <0.001
2005-2009 0.60 (0.53-0.89) <0.001
2010-2014 0.61 (0.54-0.69) <0.001



Improved 10-year all-cause graft failure

Characteristics
Adjusted

AHR (95% CI) P-value
Transplant era

1995-1999 Reference -
2000-2004 0.83 (0.74-0.93) 0.002
2005-2009 0.78 (0.68-0.89) <0.001

Characteristics
Unadjusted

HR (95% CI) P-value
Transplant era

1995-1999 Reference -
2000-2004 0.85 (0.77-0.93) <0.001
2005-2009 0.69 (0.63-0.75) <0.001



Rejection (red) and vascular causes (blue) of 5-year graft 
failure appear to have particularly declined 

*Further analyses underway to determine 
whether improvements in graft outcomes 
over time are restricted to certain causes 
of graft failure



Similar findings and planned analyses for 10-year graft 
failure outcomes

*Further analyses underway to determine 
whether improvements in graft outcomes 
over time are restricted to certain causes 
of graft failure



Limitations

• Unmeasured confounders

• Temporal changes in coding 
practices

• Graft failure events not always 
biopsy proven



Conclusions

• This study examined medium and long term graft survival in modern 
immunosuppression era in ANZ

• Transplanting higher risk recipients and using higher risk donated 
kidneys

• Yet seeing improvements in 5 and 10-year all-cause graft failure

• Improvements align with transition from AZA + CyA to MMF + TAC, 
although other factors also likely contributing

• Further analyses underway, including temporal trends in major causes 
of graft failure
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