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Abstract 
  

Background 

As the number of elderly kidney transplant recipients increases, long-term outcome differences 

between this population and younger kidney transplant recipients are not well documented. The 

purpose of the study is to evaluate the effect of rATG dosing on long-term outcomes between 

elderly and young kidney transplant recipients. 

Methods 

A single-center retrospective analysis of medical records of 688 first-time kidney transplant 

recipients (KTR) from 2003 to 2014 on a regimen of mycophenolate mofetil, tacrolimus, and 

steroids was performed. During the 11-year period there were no immunosuppresion protocol 

changes. Baseline characteristics, first biopsy-proven acute rejection (BPAR), estimated 
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glomerular filtration rates (eGFR), graft survival, and patient survival at discharge and annually 

up to 5 years post-transplant were analyzed. Various statistical tests including Chi-square test, 

two-sample t-test, and Mann-Whitney U test were used to compare data obtained from this 

study.  

Results  

The study population was divided into two cohorts: elderly (E-KTR) (≥60 years; n=277) and 

younger (Y-KTR) (40-59 years; n=411). E-KTR received more expanded criteria donor 

kidneys (p<0.001) and older donor kidneys (p<0.001). Y-KTR experienced more BPAR in 

incidence (p<0.001) than E-KTR, however, the severity of BPAR was similar. A difference in 

eGFR was observed at discharge, where Y-KTR had better eGFR rates than E-KTR (p<0.05). 

At 5-years, a trend was observed indicating that E-KTR have better eGFR rates than Y-KTR. 

Despite similar long-term graft survival, patient survival was significantly lower among the 

elderly patients (p<0.01). An indication for higher mortality rates in E-KTR is due to rATG 

dosing for which we found that mortality increased with patients who received high rATG 

doses in comparison to low doses (p<0.05). 

Conclusion  

E-KTR had lower patient survival rates yet similar graft survival rates when compared to 

Y-KTR. Lower survival rates in E-KTR was associated with higher rATG dosing. Larger 

validation studies need to be performed to assess the benefit of using less harmful 

immunosuppressants to improve long-term outcomes for E-KTR. 
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Background 

The evolution of healthcare in the 21st century has shifted the demographics and increased the 

number of people living to the age of 60 or greater. [1] The population of people over the age of 

60 is projected to increase from 962 million to 2.1 billion people from 2017 to 2050. [2] 

Adapting to address the unmet needs of this population will inherently become an increasing 

priority for public health. [3] The underlying biological changes that occur among the elderly 

with respect to physical and immune function [2, 3] are of particular importance when 

considering healthcare interventions such as solid organ transplantation where the risk of new 

infections, [4] frailty [5] and cancers [6] are known to occur among all patients. In countries like 

the United States, these extra years of life are mainly accrued due to declining mortality among 

the elderly; therefore, healthcare providers in the field of transplantation must not only adapt to 

treating a greater number of elderly patients, but a greater number of patients over longer periods 

of time. [7] According to the United States Renal Data System, the prevalence of end stage renal 

disease (ESRD) in the United States for patients aged 65 or greater has increased to 281,193 per 

million people in 2015, with the greatest increase among patients aged 65 or greater, up 64.7% 

from 2005 to 2015. [8] Patients aged 65 or greater also represent the sharpest increase in the 

distribution of adults waiting for a kidney transplant in the United States. [9] The total number of 

patients on the waitlist aged 65 or greater increased from 11,681 (16.2%) in 2007 to 21,450 

(23.1%) in 2017. [10] Kidney transplantation is the optimal treatment for adult patients with 

ESRD. However, kidney transplantation was not historically considered the favorable treatment 

for elderly patients with ESRD due to poor graft function and patient survival, associated with 

the unique immune characteristics of this older population. [11] The advent of calcineurin 
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inhibitors among other new immunosuppressive agents has provided transplant clinicians with 

more options for immunosuppressive therapies for elderly kidney transplant recipients (E-KTR). 

[12, 13] While short-term outcomes among E-KTR are generally well-established and favorable 

in comparison to dialysis, [11] long-term outcomes in this population are not well defined. As 

the waitlist population ages, these patients represent a growing number of kidney transplant 

recipients. Patients aged 65 or greater made up 21.9% of all kidney transplant recipients in 2019, 

up from 15.8% in 2009. [14] Thus, as the number of elderly patients receiving kidney transplants 

increases, the long-term differences between this population and younger kidney transplant 

recipients (Y-KTR) over time has not been well documented. The cumulative consequences of 

immunosuppression among the elderly are particularly important when compared to Y-KTR. 

This analysis provides new data to retrospectively compare the effects of rabbit antithymocyte 

globulin (rATG) on long-term outcomes for younger (Y-KTR) versus elderly (E-KTR) kidney 

transplant recipients (KTR) up to 5 years post-transplant from a single center perspective. 
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Materials & Methods 

Approval from our institutional review board was granted which allowed for the retrospective 

review of medical records which did not require subject consents. Records of 1070 kidney 

transplant recipients from January 2003 to April 2014 was performed to identify the cohort for 

the study, that would be evaluated for 5-years post-transplant. All methods carried out 

throughout the study were in strict compliance with guidelines and regulations.  

Subject Selection 

The study population was divided into two cohorts: young (Y-KTR, 40-59 years) and elderly 

(E-KTR, ≥ 60 years). Y-KTR was defined as 40-59 years as opposed to 18-59 years because 

younger patients in need of kidney transplants generally have more aggressive etiologies of 

ESRD that could result in misdirected post-transplant outcomes. Younger patient populations 

also generally have lower compliance with medication compared to elderly patient populations, 

which can lead to long-term complications after transplant including, but not limited to, 

transplant injury, rejection, or total graft loss. Of the 1070 KTR, 688 first-time KTR aged 40 

years old and above were included in the analysis. Patients were excluded if they were < 40 years 

old, had a previous kidney or other solid organ transplant, had received induction with both 

rATG and Basiliximab, had allograft nephrectomy within 48 hours post-transplant, or did not 

begin on an immunosuppressive regimen of mycophenolate mofetil (MMF), tacrolimus, and 

prednisone. Patients who received induction with rATG and Basiliximab were excluded for 

uniformity and to ensure a fair comparison could be analyzed. Patients were initiated on a triple 

immunosuppressive therapy consisting of MMF, tacrolimus, and prednisone. Patients received 

induction therapy based on immune-risk. Patients with high immunological risk received rATG 
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dosed at 1.5mg/kg/day on post-operative days (POD) 0 to 2 and included the following patients: 

African American race, panel reactive antibody test >20%, donor after circulatory death (DCD) 

donor, or donor with a kidney donor profile index (KDPI) >85%. Patients who met any of the 

following criteria were classified as medium risk and received basiliximab dosed at 20mg on 

POD 0 and 4: living unrelated donor, Caucasian with a deceased donor, or Caucasian with a 

0-haplotype match. Patients who met any of the following criteria were categorized low risk and 

did not receive any induction therapy: 2-haplotype-matched living donor or Caucasian with a 

1-haplotype-matched living donor.  Patients were initiated on a steroid taper according to 

protocol which begins with 250 mg IV of  methylprednisolone sodium succinate on POD 0 to 2. 

Patients steroid dose is decreased to 80 mg, 60 mg, 40 mg, and 30 mg on days 3, 4, 5, and 6, 

respectively. Following day 6, patients are tapered down to 5 mg by three months and weaned 

off the steroids by 1 year. Patients also received MMF 1000mg twice daily and tacrolimus with 

trough levels between 6-10ng/dL measured using the Siemens EXL immunoassay.  All subjects 

received immunosuppressive therapy according to this institutional protocol barring diagnosis of 

any complications within the first year post-transplant.  

Recipient demographics such as age, gender, race and body mass index (BMI) were 

evaluated. Baseline characteristics including type of donor, hemodialysis prior to transplant, and 

immunosuppressive therapy regimens were collected for each cohort at time of transplant. 

Biopsies were only performed on patients suspected of having allograft rejection. Patients who 

were confirmed of having allograft rejection received rATG in higher doses which were recorded 

for first and subsequent rejection episodes.  

Figure 1: Inclusion and exclusion criteria for study cohorts 
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Outcomes 

Post-transplant outcomes such as transplant hospitalization length-of-stay and graft function 

were noted. First biopsy-proven acute rejection episode (BPAR), estimated glomerular filtration 

rate (eGFR), graft survival, and patient survival were evaluated at time of transplant 

hospitalization discharge and annually up to 5 years post-transplant. Graft loss was defined as 

patients who returned to chronic dialysis, and in some patients was accompanied by transplant 

nephrectomy. BPAR were graded using Banff schema [15] and BPAR meeting criteria for 2A or 

greater were defined as severe. As a measure of graft function, eGFR was estimated using the 

MDRD Study equation. [15] Delayed graft function (DGF) was defined as recipients requiring 

dialysis within the first 7 POD [16]; slow graft function (SGF) was defined as having serum 

creatinine values ≥ 3mg/dL without dialysis at transplant hospitalization discharge; all other 

patients experienced immediate graft function (IGF). [16]  

Statistical Analysis 

Chi-square test or Fisher’s exact test (if n <5) were used to calculate the p-value for categorical 

variables. The two-sample t-test and Mann-Whitney U test were used in the analysis of 

continuous variables. Annual measures of eGFR were analyzed and compared using the 

two-sample t-test. Time to events such as BPAR and mortality stratified by cause of death were 

analyzed using Gray’s test. Graft survival and patient survival post-transplant were examined 

5-years post-transplant. For comparisons involving more than two groups, post hoc tests using 

the Bonferroni correction were performed to identify significant differences among specific pairs 

of groups. Multivariate Cox proportional-hazards (PH) models, which incorporated baseline 

variables including recipient age, donor age, BMI, gender, ethnicity, hemodialysis prior to 
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transplant, type of transplant, and induction dosage were used to analyze risk factors for 

mortality. The level of statistical significance for all statistical tests was defined by a p-value of 

less than 0.05. 

Risk Factors for Mortality 

In order to identify risk factors for mortality, we performed a multivariable hazard regression 

analysis. To study the effect of rATG doses on mortality, we defined low dose as 0-3 mg/kg, 

medium dose as 3.01-5 mg/kg, and high dose as greater than 5 mg/kg. This classification was 

used in both the induction rATG dosage as well as lifetime rATG dose, which involved induction 

dosage as well as post-transplant administration for rejection. Patients’ rATG doses were stopped 

or withheld according to the institution’s protocol if they experienced neutropenia (< 1,000mm3) 

or thrombocytopenia (< 25,000/mm3). 

Effect of Induction Therapy using UNOS Data 

Data was obtained from UNOS/OPTN and filtered using the same inclusion/ exclusion criteria 

and patient categorization methods applied to the patient population at our own institution. We 

then performed multivariable hazard regression analysis to study the effect of induction therapy 

and identify risk factors for mortality. 
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Results 

Demographics 

The study population comprised of 277 E-KTR and 411 Y-KTR with mean ages of 67.2 ± 4.8 

years and 50.8 ± 5.6 years, respectively (p<0.001). Subjects were followed for a median of 5 

years post-transplant. Table 1 describes the demographics and baseline characteristics. Both 

groups had similar gender and ethnicity proportions. (p>0.05). E-KTR received more deceased 

donor grafts (p<0.05) and less living donor grafts (p<0.05) than Y-KTR. E-KTR received a 

higher proportion of living related kidneys [E-KTR, 74 (76.3%) vs. Y-KTR, 117 (64.6%), 

p<0.05]. In terms of deceased donor grafts, E-KTR received more expanded criteria donor 

(ECD) kidneys [E-KTR, 59 (36.4%) vs. Y-KTR, 16 (6.2%), p<0.001] but similar donation after 

circulatory death (DCD) kidneys (p>0.05). E-KTR also received kidneys from older donors 

[E-KTR, 44.9 ± 13.9 years vs. Y-KTR, 38.7 ± 13.7 years; p<0.001]. Post-transplant, both groups 

received similar proportions of induction therapies (p>0.05). 
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TABLE 1. Demographics and Baseline Characteristics 

Bold numbers indicate significant data. 

Post-transplant Outcomes 

Post-transplant, median hospital length of stay [E-KTR, 5.5 days vs. Y-KTR, 5 days; p=0.98] 

was similar in E-KTR and Y-KTR . Both groups saw similar proportions of delayed graft 

function (p>0.05).  Y-KTR experienced more BPAR than E-KTR [E-KTR, 49 (17.7) vs. Y-KTR, 

129 (31.4); p<0.001] and had a higher rate of mild BPAR when compared to E-KTR though not 

statistically significant (p>0.05). E-KTR had higher occurrences of severe BPAR, but this was 
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FACTORS E-KTR, n=277 Y-KTR, n=411 p value 
 Recipient age 67.2±4.8 50.8±5.6 <0.0001 
 Gender, n (%)    
  Male 184 (66.4) 251 (61.1) 0.15 
  Female 93 (33.6) 160 (38.9)  
 Race, n (%)    
  Caucasian 131 (47.3) 182 (44.3) 0.44 
  African American 127 (45.8) 197 (47.9) 0.59 
 BMI, kg/m2 27.7±4.6  28.7±5.7 0.0072 
 Hemodialysis prior to transplant, n (%) 236 (85.2) 345 (83.9) 0.65 
 Donor Age 44.9±13.9 38.7±13.7 <0.0001 
 Graft Type, n (%)    
  Deceased 180 (65.0) 230 (56.0) 0.018 
  Living 97 (35.0) 181 (44.0)  
 Living donor type, n (%)    
  LRD 74 (76.3) 117 (64.6) 0.046 
  LURD 23 (23.7) 64 (35.4)  
 Deceased donor type, n (%)    
  DCD 21 (11.4) 41 (17.8) 0.066 
  DBD 159 (88.3) 189 (82.2)  
 Deceased donor subtype, n (%)    
  SCD 103 (63.6) 240 (93.8) <0.0001 
  ECD 59 (36.4) 16 (6.2)  
 Induction therapy, n (%)    
  None 34 (13.4) 44 (10.7) 0.52 
  Basiliximab 108 (39.0) 163 (39.7) 0.86 
  rATG  135 (48.7) 204 (49.6) 0.82 



not statistically significant (p>0.05). On analyzing the median days to first rejection, the 

comparison showed that Y-KTR [E-KTR, 277.5 days vs. Y-KTR, 173 days; p<0.05] experience 

rejection episodes significantly earlier than E-KTR. At discharge, Y-KTR had better kidney 

function than E-KTR [E-KTR, 36.2±21.4 vs. Y-KTR, 44.3±22.8, p<0.001]. However, at years 

1-4, eGFR rates were similar between groups. At year 5, a trend was observed showing E-KTR 

had better eGFR rates than Y-KTR [E-KTR, 57.4±28.8 vs. Y-KTR, 53.4±24.5, p=0.062] 

Figure 2. eGFR trend among elderly and young kidney transplant recipients for 5 years 

post-transplant 

TABLE 2. Post-transplant Outcomes 

Bold numbers indicate significant data. 
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OUTCOMES E-KTR, n=277 Y-KTR, n=411 p value 
 Length of stay, median days 5.5 5 0.98 
 Graft function     
  Immediate 204 (73.6) 315 (76.6) 0.37 
  Delayed 67 (24.2) 96 (23.4) 0.80 
 BPAR, n (%) 49 (17.7) 129 (31.4) <0.0001 
 Severity of BPAR, n (%)     
  Mild 33 (67.3) 94 (72.9) 0.47 
  Severe 16 (32.7) 35 (27.1)  
 eGFR    
  Discharge 36.2±21.4 44.3±22.8 <0.0001 
  Year 1 53.1±22.0 51.2±20.9 0.15 
  Year 2 54.8±21.8 52.6±22.2 0.14 
  Year 3 55.7±23.3 53.1±23.0 0.10 
  Year 4 55.1±26.7 53.8±23.1 0.29 
  Year 5 57.4±28.8 53.4±24.5 0.062 
 Graft loss, n (%) 32 (11.6) 42 (10.2) 0.58 
 Death, n (%) 89 (32.1) 94 (22.9) 0.0069 



Graft and Patient Survival 

Both groups had similar 5-year post-transplant graft loss [E-KTR, 32 (11.6%) vs. Y-KTR, 42 

(10.2%], p=0.58). Patient mortality rates at 5 years was significantly higher in E-KTR, compared 

to Y-KTR [E-KTR, 89 (32.1%) vs. Y-KTR, 94 (22.9%); p<0.001].  

Risk Factors for Mortality 

On performing multivariable analysis to identify risk factors for mortality (Table 3), we found 

that rATG usage (HR 1.47, 95% CI 1.02-2.13, p=0.038), older age (HR 1.76, 95% CI 1.27-2.43, 

p<0.001), donor age (HR 1.01, 95% CI 1.00-1.02, p=0.047) and hemodialysis use pre-transplant 

(HR 2.01, 95% CI 1.15-3.52, p=0.015) were risk factors for all-cause mortality in both groups. 

Age was entered as a continuous variable which impacted mortality within the E-KTR and 

Y-KTR groups. On studying risk factors for specific causes of death, African Americans faced a 

significantly higher risk of mortality due to cardiovascular causes in both groups (HR 0.52, 95% 

CI 0.31-0.85, p=0.010). Older age was associated with death due to infections (HR 2.62, 95% CI 

1.41-4.87, p=0.002).  
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TABLE 3. Risk Factors for Mortality in Overall Cohort 

Bold numbers indicate significant data. 

Comparison of Induction rATG and its Effect on Graft Loss and Mortality 

On analyzing the effect of induction on graft loss we found that both groups had similar rates of 

graft loss (p>0.05). When rATG was stratified by dosage in both groups, no correlation was 

found between rATG dose and graft loss for low, medium, or high dosage. When comparing 

mortality rates between the E-KTR and Y-KTR groups who received rATG, we found that 

mortality rates were similar between groups (p>0.05). When comparing rATG dosing within 

each group we found that E-KTR who received higher rATG doses had significantly higher 

mortality rates than patients who received low rATG doses [High dose, 14 (40.0) vs, Low dose, 

22 (22.0), p<0.05]. When the same analysis was performed for the Y-KTR, we found that the 

dose of rATG did not affect mortality rates (p>0.05). When the mean induction doses were 

analyzed for Y-KTR and E-KTR within the rATG doses, we found that E-KTR had lower mean 
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RISK  
FACTORS 

Cardiovascular Causes Infectious Causes Cancerous Causes 
HR 95% CI p value HR 95% CI p value HR 95% CI p value 

 rATG Dose          
Low          
Medium  1.02 0.58-1.78 0.96 1.84 0.86-3.94 0.12 0.97 0.35-2.71 0.95 
High 0.95 0.43-2.10 0.91 1.40 0.49-3.99 0.53 4.22 1.41-12.64 0.01 

 Recipient Age          
40-59           
≥65 years 1.31 0.80-2.14 0.28 2.83 1.52-5.26 0.001 1.74 0.75-4.08 0.20 

 BMI 1.03 0.98-1.07 0.20 1.00 0.94-1.06 0.96 0.91 0.84-0.98 0.01 
 Donor Age, years 1.01 0.99-1.02 0.53 1.01 0.98-1.03 0.59 1.02 0.99-1.04 0.21 
 Gender, Male 1.10 0.68-1.77 0.70 0.93 0.51-1.68 0.8 0.82 0.37-1.83 0.63 
 Dialysis prior to transplant 1.74 0.82-3.70 0.15 2.75 0.78-9.70 0.12 5.65 0.75-42.77 0.09 
 African American 0.53 0.32-0.89 0.02 1.03 0.52-2.02 0.93 2.16 0.85-5.54 0.11 
 Graft Type, n (%)          

Living Ref         
Deceased 0.65 0.39-1.07 0.092 1.51 0.78-2.96 0.22 1.86 0.72-4.77 0.20 



rATG doses in the low dose [E-KTR, 2.02 mg/kg vs, Y-KTR 2.32 mg/kg] and high dose group 

[E-KTR, 5.82 mg/kg vs, Y-KTR 6.26 mg/kg], however, was not statistically significant.  

UNOS DATA Risk Factors 

On multivariable analysis (Table 4), rATG induction use, older recipient age, higher BMI, older 

donor age, male gender, African-American race, deceased donor graft, and dialysis prior to 

transplant were identified as risk factors for mortality in E-KTR. In the Y-KTR, higher BMI, 

donor age, male gender, dialysis prior to transplant, African-American race, and deceased donor 

graft were all identified as risk factors for mortality in Y-KTR. On the other hand, Caucasian 

race, no induction, and living donor graft were protective.  

TABLE 4. Risk Factors for Mortality in UNOS Data 

Bold numbers indicate significant data. 
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Risk  
Factors 

UNOS E-KTR, n=18979 UNOS Y-KTR, n=48487 

HR  95% CI p-value  HR 95% CI p-value 
 rATG Induction 0.96 0.91-1.01 0.02 0.94 0.89-0.99 0.09 
 Recipient Age 

40 - 59 years 
≥ 65 years 

 
Ref 
2.50 

 

2.42-2.58 

 

<0.001 

 

- 

 

- 

 

- 
 BMI 1.01 1.01-1.02 <0.001 1.01 1.01-1.02 <0.001 
 Donor Age, Years 1.01 1.01-1.01 <0.001 1.01 1.01-1.01 <0.001 
 Gender, Male 1.22 1.17-1.28 <0.001 1.18 1.13-1.23 <0.001 
 Dialysis prior to TXP 1.50 1.41-1.60 <0.001 1.67 1.56-1.78 <0.001 
 African American 0.87 0.82-0.92 <0.001 1.07 1.02-1.12 0.007 
 Graft Type, n (%) 

Living  
Deceased 

 
Ref 
0.65 

 

0.61-0.69 

 

<0.001 

 

0.56 

 

0.53-0.59 

 

<0.001 



Discussion 

E-KTR have decreased risk of developing acute rejection episodes due to global deterioration of 

the immune system that comes with age. [17] Advanced-age recipients also have poor patient 

survival and the main cause of graft loss is patient death. On the other hand, when graft survival 

is censored for death, older recipients tend to have similar rates of graft survival to their younger 

counterparts. [11, 18, 19] In an analysis of over 70,000 kidney transplant recipients, the 

incidence of acute rejection decreased steadily with the elderly. For the 18 to 29 year-olds, the 

6-month acute rejection rate was reported as 28% compared to 19.7% for those older than 65 

years. [20] Despite E-KTR experiencing less rejection, the adjusted annual rate of graft loss 

among those with rejection was significantly higher for the elderly patients (116 per 1,000 

E-KTR compared with 43 per 1,000 Y-KTR). [21]  

Biopsy-Proven Acute Rejection 

The long-term outcomes in our analysis are similar to previous findings [22, 23] in that E-KTR 

experience greater mortality and less rejection episodes than Y-KTR. Overall, E-KTR 

experienced less biopsy-proven acute rejection. Among the elderly population, despite lower 

survival rates, the rate of rejection after transplantation was significantly lower, when compared 

to the younger population. Younger patients were more likely to experience BPAR earlier than 

the elderly.  

Graft Function and Survival 

E-KTR maintain long-term renal function at eGFRs similar to that of their younger counterparts. 

[19] Our results demonstrate consistent annual measures of graft function over 5 years 

post-transplant that control for gender and ethnicity and censored for patients who experience 
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graft loss. [24] Figure 2 illustrates the trend in eGFR over the follow-up period which exhibits a 

trend of better eGFR for E-KTR at year 5. Furthermore, our data confirms that Y-KTR and 

E-KTR have similar rates of long-term graft survival. Higher rates of patient mortality may 

falsely indicate that E-KTR also have higher rates of graft loss. Consequently, our analysis did 

not consider patient death events as graft loss and evaluated patients at the time of death for 

functioning graft status. Censoring patients who died with a functioning graft gives a more 

accurate depiction of graft survival in the elderly where death-censored graft survival did not 

differ among groups. [25] 

Patient Survival 

Despite similar long-term graft function and survival, E-KTR patient survival significantly 

decreased compared to Y-KTR. E-KTR also experienced more than a two-fold greater increase 

in the hazard ratio for mortality than Y-KTR. For these patients, mortality strongly correlated 

with patients who received rATG. 

In a study performed by Orlandi, infections and cardiovascular diseases were the primary 

cause of death in the elderly and not due to graft loss which was similarly observed in this study 

as shown in figure 3. [26]  Cardiovascular disease (CV) was the most common cause of death 

among all transplant patients; however, there is a clear cardiovascular benefit to transplantation 

when compared to patients on the waitlist. [27] On the other hand, the risk of infectious causes of 

death in KTR increase exponentially with age. [27] This analysis did not demonstrate 

significance in the differences among the cause of death due to a limited sample size; however, 

the trend of more CV death among Y-KTR was demonstrated when cause of death were 

compared.  
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Figure 3.  Causes of death due to (A) cardiac events (B) infection (C) cancer (D) other causes 

The balance of immunosuppressive therapy and older age pose an issue for E-KTR who 

stand to benefit from transplantation. [28] These changes suggest that a less potent 

immunosuppressive strategy may improve outcomes in the elderly. Patel et al. noted that higher 

cumulative rATG doses also contributed to significantly decreased survival in KTR greater than 

60 years of age when compared to younger patients, irrespective of immunologic risk. [29] 

Figure 4 shows a linear regression model of our data which supports Patel et al. in that E-KTR 

have lower survival rates with increased rATG dose. When analyzing Y-KTR in figure 4, we see 

almost no correlation between 5-year survival and total induction dose. Age-related factors such 

as enzyme and protein-related changes as well as reduced gastric emptying, splanchnic blood 

flow, hepatic blood flow, and renal clearance may influence pharmacokinetics of 

immunosuppressive drugs in the elderly. [30, 31] Furthermore, the structural and functional 

changes in the immune system that occur with aging influence patient response to those drugs. 

[31, 32]  

Figure 4.  Regression model predicting 5-year survival rate based on rATG dosing in E-KTR 

and Y-KTR 

Induction 

Our findings suggest a survival benefit with less severe immunosuppressive regimen, particularly 

induction therapy among the elderly. Immunosenescence in combination with 

immunosuppressant therapies may have a greater impact on the long-term outcomes of E-KTR 

than is often considered at the time of transplant. [30] Elderly patients were more likely to die, 

specifically from immunosuppression-related causes such as infection and cancer when treated 
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with rATG induction. E-KTR experienced worse survival with rATG induction than Y-KTR 

when duration to death was stratified by induction. Since the E-KTR were also experiencing less 

rejection, severe induction agents may not be necessary as the baseline immunological risk is 

inherently lower in this population. [11, 12] The cumulative effect of induction therapy agents 

and the complex immune response in this special population may be underappreciated when 

evaluating the risks of transplantation. Large-scale analyses have demonstrated the increased 

risks of mortality in older kidney transplant recipients while underscoring the overall benefit of 

renal transplantation. [33, 34] Furthermore, recipient age is widely demonstrated to be an 

important independent-risk variable for renal transplant outcomes and large prospective clinical 

trials for immunosuppressive agents often exclude elderly patients from enrollment [12, 17, 30]. 

Therefore, research focused on tailored immunosuppressive protocols for E-KTR is necessary 

with the goal of expanding access to transplantation and demonstrating equitable outcomes. 

Thus, if kidney transplantation is to remain a viable option for the elderly, considerations of 

immune risk need to be at the forefront of the transplant evaluation. 

Limitations 

A larger cohort is needed to follow this observed trend more closely and evaluate whether 

elderly patients treated with milder immunosuppressive therapies are receiving a survival-benefit 

with similar rates of rejection and graft loss. Evaluating long-term risks of kidney transplantation 

in the elderly has been limited by the sheer number of patients available for study. Often, 

single-center analyses are limited by a relatively homogenous population of recipients without an 

active comparator group. [22] Additionally, the majority of studies considered recipients of at 
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least 60 years of age to be relatively old within the population, though no overall consensus for 

the age at which patients meet the criteria to be considered “elderly.”  

Conclusion 

The relationship between decreased long-term E-KTR survival and rATG induction may be 

clarified with a national validation cohort. Additionally, this cohort may further demonstrate 

infection and cancer events occurring earlier than CV events, which were more evenly 

distributed during the follow-up period. Additional analyses are needed to evaluate the benefit of 

less severe induction agents and increased risk of over-immunosuppression for elderly patients. 

[12] These analyses may warrant changes in immunosuppression protocols to improve long-term 

survival outcomes for the elderly population so that they are comparable to those of Y-KTR. 

Continuous validation of these special consideration for elderly patients are needed to usher in a 

new age of transplantation whereby immunosenescence may become a tool in bolstering 

long-term allograft survival rather than a contraindication to transplantation. 
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FIGURE LEGENDS 

Figure 1. Inclusion and exclusion criteria for study cohort. 

Figure 2. eGFR trend among elderly and young kidney transplant recipients for 5 years 

post-transplant 

Figure 3.  Causes of death due to (A) cardiac events (B) infection (C) cancer (D) other causes 

Figure 4.  Regression model predicting 5-year survival rate based on rATG dosing in E-KTR 

and Y-KTR 
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