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Abstract

Background: Although the population of older transplant recipients has increased dramatically, 

there are limited data describing the impact of immunosuppression regimen choice on outcomes in 

this recipient group.

Methods: National data for U.S. Medicare-insured adult kidney recipients (N=67,362; 2005–

2016) were examined to determine early immunosuppression regimen and associations with acute 

rejection, death-censored graft failure and mortality using multivariable regression analysis in 

younger (18–64 years) and older (>65 years) adults.

Results: The use of anti-thymocyte globulin (TMG) or alemtuzumab (ALEM) induction with 

triple maintenance immunosuppression (reference) was less common in older compared with 

younger (36.9% vs 47.0%) recipients, as was TMG/ALEM + steroid avoidance (19.2% vs 

20.1%) and mTORi-based (6.7% vs 7.7%) treatments. Conversely, older patients were more likely 
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to receive IL2-receptor antibody (IL2rAb) + triple maintenance (21.1% vs 14.7%), IL2rAb + 

steroid avoidance (4.1% vs 1.8%), and cyclosporine-based (8.3% vs 6.6%) immunosuppression. 

Compared to older recipients treated with TMG/ALEM + triple maintenance (reference regimen), 

those managed with TMG/ALEM + steroid avoidance (adjusted odds ratio (aOR), 0.440.520.61) and 

IL2rAb + steroid-avoidance (aOR, 0.390.550.79) had lower risk of acute rejection. Older patients 

experienced more death censored graft failure when managed with Tac+ antimetabolite avoidance 

(adjusted hazard (aHR), 1.411.782.25), mTORi-based (aHR, 1.702.142.71), and cyclosporine-based 

(aHR, 1.411.782.25) regimens, versus the reference regimen. mTORi-based and cyclosporine-based 

regimens were associated with increased mortality in both older and younger patients.

Conclusions: Lower-intensity immunosuppression regimens (e.g. steroid-sparing) appear 

beneficial for older kidney transplant recipients, while mTORi and cyclosporine-based 

maintenance immunosuppression are associated with higher risk of adverse outcomes.

INTRODUCTION

Kidney transplantation is the preferred treatment option for patients with kidney failure, 

providing superior clinical outcomes at lower healthcare costs than chronic dialysis.1 In 

recent years, the number of elderly patients with kidney failure has risen substantially 

worldwide, due to a global increase in the aging population, improved survival on 

dialysis,2–5 and increased referral of older patients for transplantation.6–8 The growing 

number of elderly kidney transplant candidates is correlated with a rise in the number and 

proportional representation of elderly kidney transplant recipients.9,10 In the United States, 

the percentage of kidney transplant recipients age >65 years increased from 14% in 1999 to 

24% in 2018.2,9,11Similar trends have been observed in other countries.12,13

Older recipients appear to have improved short-term death-censored graft survival as 

compared with younger patients, perhaps due to immunosenescence and decreased acute 

rejection risk.14,15 While the incidence of acute rejection tends to fall with age, the risk of 

allograft loss following a rejection event is significantly increased in elderly recipients.5,16 

Older recipients also carry a higher risk of chronic allograft loss resulting from a variety 

of age-related immune and non-immune factors.17,18 Age-related immunologic and non-

immunologic changes increase the susceptibility of elderly recipients to post-transplant 

cardiovascular disease, infection, and malignancy, contributing to significant morbidity and 

mortality.17 In aggregate, the increase risk of death among older recipients results in lower 

5-year kidney allograft survival rates compared to younger recipients. 9,14,15

Immunosuppressive (ISx) management in older kidney transplant recipients is complex, 

given increased risk of infection and malignancy after transplant in this population,16,19–23 

reduced immunogenicity, 24,25 and greater likelihood of receiving a higher-risk donor 

organ. 11 General guidelines suggest that tacrolimus (Tac), mycophenolate mofetil 

(MMF), and corticosteroids be used as first-line maintenance ISx agents following kidney 

transplantation, which remains the most commonly prescribed ISx protocol across all age 

groups. 2,24,26 However, age-related immune dysfunction and associated co-morbidities 

make older recipients more susceptible to complications associated with ISx agents.17,27 

Thus, practitioners have considered tailoring ISx protocols for older kidney transplant 
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recipients, such as favoring steroid avoidance/withdrawal, antimetabolite avoidance, and 

mammalian target of rapamycin inhibitor (mTORi)-based regimens (with CNI avoidance 

or minimization protocols).2,5,17,28–31Robust data to guide these decisions is lacking as 

most reports are the result of small, single-center observational studies with limited follow-

up. 2,5 These trials lack sufficient sample size to adjust for pertinent donor and recipient 

characteristics beyond recipient age.

Given the paucity of trial data on preferred ISx regimen in the older kidney transplant 

recipients, we examined the impact of early ISx regimen selection (induction and 

maintenance over the first 6 months) on outcomes in a national cohort of U.S. transplant 

recipients with sufficient sample size to adjust for potential confounding effects including 

donor characteristics. Our goal was to examine associations of ISx regimen selection with 

graft and patient survival among older (age ≥65 years) and younger (age 18–64) recipients. 

By providing data from a large, robust national cohort, we hope to inform ISx regimen 

selection for at risk older adults and plan future study to better tailor management older 

kidney transplant recipients.

METHODS

Data Source and Sampling

Study data were drawn from U.S. Renal Data System (USRDS) records, which integrate 

Organ Procurement and Transplantation Network (OPTN)/United Network for Organ 

Sharing (UNOS) records with Medicare billing claims. The primary study sample comprised 

adult (age ≥18 years) recipients of kidney-only transplants in the U.S. from 2005 to 2016 

with Medicare as the primary payer for the first 6 months post-transplant, and ISx data 

available during this period. Because our primary exposure was based on pharmacy claims 

for ISx, we also required Medicare-reimbursed fills for ISx in the first 6 months after 

transplantation. Younger and older adults were defined by age 18–64 versus ≥65 years, 

respectively, consistent with Medicare payments guidelines which provide coverage based 

on age 65 and geriatrics/gerontology standards.32 This study was deemed to be Human 

Subjects Exempt by the Institutional Review Board of Saint Louis University.

Definition of Immunosuppression Regimens

Use of induction agents was defined by OPTN reporting. Early maintenance ISx regimen 

was defined using Medicare pharmacy claims for ISx agents submitted within the first 

6 months after transplant, reimbursed through Part B or Part D benefits. Patients were 

classified based on induction and maintenance ISx regimens into 7 study regimens, similar 

to previous methods: 33

1. Triple maintenance, after T-cell depleting induction: Anti-thymocyte globulin 

(TMG)/ alemtuzumab (ALEM) + Tac + MPA (mycophenolic acid: MMF or 

mycophenolate sodium)/azathioprine (AZA) + prednisone (Pred)

2. Triple maintenance, after IL2-receptor antibody (IL2rAb) induction: IL2rAb + 

Tac + MPA/AZA + Pred
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3. Steroid avoidance/withdrawal, after T-cell depleting induction: TMG/ALEM + 

Tac + MPA/AZA, without Pred

4. Steroid avoidance/withdrawal, after IL2rAb induction: IL2rAb + Tac + MPA/

AZA, without Pred

5. Antimetabolite avoidance: Tac alone or Tac + Pred

6. mTORi-based regimens

7. Cyclosporine (CsA)-based regimens

Triple maintenance therapy with T-cell depleting induction, was considered the reference 

regimen as it was the most frequently used regimen during the study period. MPA 

included mycophenolate mofetil and mycophenolate sodium. IL2rAb included the two 

agents available in the U.S. in the study period, basiliximab and daclizumab. Groups 5 to 7 

were defined independent of induction. Patients in groups 1 to 5 did not receive mTORi or 

CsA. mTORi-based ISx was classified before CsA-based to enable assignment of mutually 

exclusive regimens, as per previous methods.34 mTORi- and CsA-based regimens were not 

further sub-classified due to low frequencies of patients treated with these regimens. Specific 

data on fill patterns, regimen weaning, compliance and drug levels are not provided in this 

database.

Covariate and Outcome Measures

Transplant recipient clinical and demographic characteristics, as well as characteristics of 

the donated organ and other transplant factors, were defined by the OPTN Transplant 

Candidate Registration and Transplant Recipient Registration forms (Table 1).

Graft failure was defined as return to maintenance dialysis or retransplant. Patient death was 

defined by transplant center reports to OPTN and supplemented with the Social Security 

Death Master File. All-cause graft failure included graft loss due to death. The OPTN 

queries centers for information on acute rejection according to periods covered by specific 

reporting forms (0 to 6 months, 7 to 12 months, then annually), but dates of acute rejection 

within reporting periods are not collected. We defined acute rejection from OPTN records 

according to center reports occurring in a reporting period, as per prior methods.35–37 

Rejection was analyzed through 3 years given declining incidence and completion of 

rejection reporting beyond 3 years.

Statistical Analyses

Clinical characteristics of the study sample were described as proportions. Continuous 

variables were categorized into clinically relevant strata. Missing categorical covariate data 

were grouped with the absence of a characteristic when such categories were relevant, or 

into a category distinct from the reference group. Distributions of ISx regimen use according 

to baseline characteristics were compared by the Chi-square test.

The analysis was stratified based on age group (18–64 versus ≥65 years). Given ISx 

ascertainment during the first 6-months after transplant, origin time for outcomes analyses 

began at 6-months post-transplant. Death-censored graft survival, patient survival, and 
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all-cause graft survival over time after 6-months post-transplant were estimated using 

Kaplan-Meier method. The adjusted association of ISx regimen with graft failure and 

mortality (adjusted hazard ratio, 95%LCLaHR95%UCL) after transplant was assessed using 

multivariable Cox proportional hazards analysis, adjusted for recipient, donor, and transplant 

factors (Table 1). At-risk time was censored at 5 years post-transplant or the end of study 

(December 31, 2016). Logistic regression was used to assess the adjusted odds ratio (aOR) 

of any acute rejection event by 3 years after transplant. Outcome models were also stratified 

by quintile of propensity for assignment to each ISx regimen compared with the reference 

regimen in binomial logistic regression, as per previous methods.37

The primary comparisons examined outcomes associated with each regimen compared to 

the reference regimen, within older and younger adults. We also assessed for interactions 

between ISx regimens and age groups by testing interaction terms in the model. A p-

value <0.05 was considered statistically significant. Data management and analysis were 

performed using SAS version 9.4 (SAS institute Inc., Cary, NC, USA).

RESULTS

Clinical characteristics

Of 193,984 kidney transplant recipients in the study period, 67,362 had Medicare claims 

data for study ISx regimens within the first 6 months after transplant. Compared to 

recipients without available data for inclusion, the study sample of Medicare beneficences 

included a higher representation of older (22.7% vs. 14.9%) and patients who were 

non-white (54.2% vs 45.6%) and unemployed (73.8% vs 53.4%) (Table S1). Medicare 

beneficiaries also had longer periods of pretransplant dialysis (>60 months: 39.9% vs. 

24.4%) with correspondingly fewer living donor transplant (22.8% vs 41.4%).

Recipient characteristics were associated with the ISx regimen selection (Table 1). Use 

of some regimens was less common in older compared to younger recipients, including 

TMG/ALEM + triple maintenance (36.9% vs 47.0%), TMG/ALEM + steroid avoidance 

(19.2% 20.1%), antimetabolite avoidance (2.8% vs 3.1%), and mTORi-based, 6.7% vs 7.7%. 

Conversely, IL2rAb + triple maintenance (21.1% vs 14.7%), IL2rAb + steroid avoidance 

(4.1% vs 1.8%), and CSA-based, 8.3% vs 6.6% were more common in older compared to 

younger recipients. Compared to white patients, African American patients more commonly 

received TMG/ALEM + triple maintenance (53.4% vs 39.5%) and less commonly received 

IL2rAb + triple maintenance (12.5% vs 17.9%) or steroid-free regimens (17.8% vs 20.1%). 

Use of TMG/ALEM + triple maintenance was substantially more common among highly 

sensitized patients with panel reactive antibody (PRA) ≥80% compared to those with PRA 

<10% (70.2% vs 39.0%) while use of IL2rAb + triple maintenance was less common 

(6.0% vs 18.6%). Use of TMG/ALEM + triple maintenance was also more common among 

retransplant recipients while the use of CsA and mTORi based regimens decreased in more 

recent years of study. Similar patterns in the distribution of ISx regimen use by baseline 

traits among both younger and older patients (Tables S2A and S2B).
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Acute rejection

Compared with younger patients, older recipients experienced a lower risk of acute rejection 

>6 months to 3 years for all regimens except IL2rAb + triple therapy (Figure 1). Among 

older recipients, the unadjusted incidence of acute rejection was significantly higher in those 

who received mTORi-based (11.0%) and CsA-based (10.8%) regimens, and significantly 

lower in those who received TMG/ALEM + Tac + MPA/AZA (5.3%) than those on the 

maintenance regimen (7.4%). Similar patterns were noted among younger adults, when 

comparing the unadjusted incidence of acute rejection patients who received TMG/ALEM 

+ triple maintenance (11.7%), to those who received TMG/ALEM + Tac + MPA/AZA 

(7.5%), IL2rAb+Tac+MPA/AZA (8.6%), Tac, Tac+Pred (9.9%), mTORi-based (15.6%) and 

CsA-based (15.3%) ISx regimens (Figure 1)

Compared to the reference regimen, the incidence of acute rejection varied significantly 

by ISx after multivariate adjustment (Figure 2A). Patients aged ≥65 years receiving TMG/

ALEM + steroid avoidance (aOR 0.440.520.61) and IL2rAb + steroid-avoidance (aOR 

0.390.550.79) experienced lower adjusted risk of acute rejection, while CsA-based ISx 

was associated with increased risk (aOR 0.981.191.43). Similarly, among recipients aged 

18–64, TMG/ALEM + steroid avoidance (aOR 0.640.700.76) was associated with a lower 

risk of acute rejection, while IL2rAb + triple ISx (aOR 1.051.141.23), mTORi-based (aOR 

1.371.501.65) and CsA-based (aOR 1.431.591.77) regimens were also associated with increased 

risk of acute rejection.

Death-censored graft failure

Unadjusted death-censored graft failure >6 months to 5 years after kidney transplant among 

patients aged ≥65 years who received TMG/ALEM + triple ISx (8.2%) was similar to 

patients treated with IL2r + triple ISx (7.4%) and TMG/ALEM + Tac/MMF (8.3%), 

but lower than those treated with Tac + antimetabolite-avoidance (11.7%), mTORi-based 

(16.3%) or CsA-based (12.4%) regimens (Figure 3A). Conversely, recipients aged 18–64 

who received the reference regimen had higher death censored graft failure (13.9%) rates 

than patients who received IL2rAb + triple ISx (12.5%), TMG/ALEM + steroid avoidance 

(10.6%) or IL2rAb + steroid-avoidance (10.8%), but lower than in those who received 

mTORi-based (19.3%) or CsA-based (16.3%) regimens.

After covariate and propensity adjustment, compared with older recipients on the 

reference regimen, Tac + antimetabolite avoidance (aHR, 1.091.592.31), mTORi-based (aHR, 

1.702.142.71), and CsA-based (aHR, 1.411.782.25) regimens were significantly associated 

with higher adjusted death-censored graft failure risk (Figure 2B). Among recipients aged 

18–64 years, TMG/ALEM + steroid-avoidance (aHR, 0.710.790.86) was associated with 

significantly lower risk of death-censored graft failure compared to the reference regimen, 

whereas mTORi-based (aHR, 1.291.431.59) and CsA-based regimens (aHR, 1.161.311.47) 

were associated with significantly increased death-censored graft failure risk. Interaction 

testing demonstrated that these risks varied significantly by age for TMG/ALEM + steroid-

avoidance, Tac + antimetabolite avoidance, mTORi-based and CsA-based regimens

Lentine et al. Page 6

Transplantation. Author manuscript; available in PMC 2023 October 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Patient mortality

Among adults age 18–64, compared to patient mortality >6 months to 5 years among 

those who received the reference regimen of TMG/ALEM + triple ISx (11.2%), unadjusted 

mortality was significantly higher in those who received Tac + antimetabolite avoidance 

(14.0%), mTORi-based (14.2%) or CsA-based (13.9%) regimens (Figure 3B). Among 

patients aged ≥65, compared to mortality in those who received the reference regimen 

(24.0%), unadjusted mortality was significantly higher in patients who received mTORi-

based (29.3%) and CsA-based (31.6%) regimens, and lower in those who received IL2rAb 

+ triple maintenance (21.9%) and TMG/ALEM + steroid avoidance (21.0%). Distribution of 

causes of death varied by ISx regimen, but patterns were generally similar across age groups 

excepted as shown (Figure S1A).

After covariate and propensity adjustment, in older recipients, Tac + antimetabolite 

avoidance (aHR, 1.001.241.55), mTORi-based (aHR, 1.061.241.44), and CsA-based 

(aHR,1.201.371.57) regimens were associated with significantly higher mortality than the 

reference regimen (Figure 2C). Similarly, in recipients aged 18–64 years, TMG/ALEM 

+ steroid avoidance (aHR, 0.780.860.95) was associated with significantly lower mortality 

compared to the reference regimen, whereas Tac + antimetabolite avoidance (aHR, 

1.131.351.61), mTORi-based (aHR, 1.151.291.45) and CsA-based regimens (aHR,1.101.241.40) 

were associated with significantly higher mortality. (Figure 3). There were no significant 

interactions of age and regimen for patient mortality.

Graft failure

Among older adults, compared to the reference regimen, Tac + antimetabolite avoidance 

(aHR, 1.141.401.73), mTORi-based (aHR, 1.281.481.71) and CsA-based (aHR, 1.351.531.75) 

regimens were significantly associated with all-cause graft failure (Figure 2D). In younger 

patients, compared to the reference regimen of TMG/ALEM + triple maintenance, adjusted 

all-cause graft failure risk was significantly lower in those who received TMG/ALEM 

+ steroid avoidance (aHR, 0.750.810.87), but significantly higher in those who received 

mTORi-based (aHR, 1.271.381.51) and CsA-based (aHR, 1.141.251.38) regimens. These 

effects differed significantly by age for TMG/ALEM + steroid avoidance, IL2rAb + steroid-

avoidance, Tac + antimetabolite avoidance, and CsA-based regimens. Cause of graft failure 

differed by regimen and recipient age. Graft loss due to rejection was a more common cause 

of graft loss in older patients, while recurrent disease occurred more frequently in younger 

patients (Figure S1B).

DISCUSSION

We examined associations of early posttransplant kidney transplant ISx regimen with graft 

and patient survival in a large national cohort of older and younger adults, and observed 

several key findings. First, there has been a significant shift in ISx regimen away from 

CsA- and mTOR-based regimens to Tac-based regimens accompanied by greater use of 

T-cell depleting antibodies. This shift occurred across age groups. Second, while older 

adults are less likely than younger patients to be maintained on triple therapy with T-cell 

depleting induction, many older patients are still exposed to potent ISx regimens despite 
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growing evidence of immunosenescence and higher risks of infection and malignancy in 

older transplant patients. Finally, lower intensity ISx regimens (steroid-sparing or IL2rAb 

induction with triple therapy) have statistically equivalent graft outcomes to T-cell depleting 

antibodies with triple ISx in older patients and, in the case of steroid-sparing regimens, 

lower risks of acute rejection and death.

In the older transplant recipient population, immunosenescence is considered a shift 

from naïve T-cells toward relatively more memory T-cells, leading to reduced 

immune reactivity.18,38–40 While older recipient age appears protective against acute 

rejection,5,16 age-related immune dysfunction and associated co-morbidities make the older 

recipients more susceptible to complications from ISx agents such as infections and 

cancer.5,17,27,20,22,41,42 These complications can result in death, and lower intensity ISx 

may be protective, as observed in this study. Amongst older kidney transplant recipients, 

the dominant cause of allograft loss is death with functioning graft.41,43 Compared to 

kidney transplant recipients aged 18–29 years, previous studies have shown those aged 

>65 had a 7-fold risk of death with function due to greater burdens of cardiovascular 

mortality.13,44 Therefore, tailoring of early ISx regimens to minimize the risks of 

accelerated cardiovascular disease should be considered, particularly those that eliminate 

corticosteroids.2,45

Although corticosteroids have traditionally been a mainstay of maintenance ISx in 

kidney transplant recipients, the elderly are more susceptible than younger patients to 

corticosteroid-related side-effects including infections, post-transplant diabetes, fractures, 

myopathy.45,46 Previous systematic reviews have demonstrated that early steroid withdrawal/

avoidance is well tolerated in low-risk kidney allograft recipients treated with modern 

potent ISx; however, data evaluating this strategy in older recipients were lacking due 

to lack of data sets with sufficient sample sizes.47–50 Recently, using the OPTN/UNOS 

database, Harris et al. evaluated the outcomes of kidney transplant recipients aged >65 

with steroid avoidance/early withdrawal (based on steroid use at discharge), and found 

comparable patient survival and death-censored graft survival at 3 years.51 Our current study 

of Medicare-insured U.S. kidney transplant recipients has the benefit of observing actual 

medication fill patterns. We report significantly reduced mortality among recipients (both 

older and younger groups) managed with steroid avoidance/withdrawal after T-cell depleting 

induction. These data support the move to further personalize the ISx regimen according to 

recipient and donor characteristics and limit exposure to more intense ISx regimens.

Although supporting evidence is limited, mTORi-based regimens (either de novo or 

conversion) have been suggested as an option to reduce CNI exposure, preserve renal 

function, and improve survival.52 The use of mTORi has also been associated with a lower 

incidence of post-transplant malignancy in the clinical trials53–55 and further supported by 

an analysis of UNOS database (with a 60% reduction in the risk of any post-transplant 

malignancy and a 55% reduction in the risk of solid malignancy).56 The TRANSFORM 

study was conducted to compare the outcomes of 2,037 kidney transplant recipients 

randomized to standard dose CNI + MMF versus reduced CNI + mTORi (everolimus).57 

Compared to standard dose CNI + MMF, the reduced CNI + mTORi group had comparable 

allograft function with a significantly lower incidence of viral infections at 1-year post-
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transplant. The mean age of patients was 49.3 years, and follow-up time was only at 1-year 

post-transplant.57 Notably, the use of mTORi was associated with an increased risk of 

impaired wound healing, interstitial lung disease, and lipid abnormalities.52

However, it is not clear whether mTORi trial data generalize to the older adult population 

who may be more at risk of complications from antimetabolites and mTORis. The 

SENATOR trial, conducted by two German centers in the European Senior Program, 

reported increased adverse events in older patients transitioned from CNIs to everolimus.58 

In this trial, kidney transplant recipients aged >65 years receiving their first kidney from 

an older deceased donor aged (>65 years) were randomized to standard therapy with CNI 

and MMF or conversion from standard therapy to MMF + everolimus with basiliximab at 

week 7. Only 77 (37.2%) of 207 enrolled patients were randomized, with the majority of 

patients excluded due to abnormal lab values or acute rejection (17% of trial participants) 

prior to randomization. Among the patients who were converted, those who remained on 

everolimus had comparable kidney function at 6-month post-transplant. However, there was 

a higher rate of discontinuation of trial assigned regimen (27.8% vs. 0%) and acute rejection 

(21.9% vs. 10%) among patients randomized to everolimus.58 In the current study, older 

patients treated initially with mTORi-based regimens experienced a 2-fold greater odds 

of death-censored graft failure and higher risk adjusted mortality. These data suggest that 

mTORi treatment should be undertaken cautiously in older patients.

The addition of MMF allows CNI and steroid doses to be decreased or withdrawn, 

with a positive impact on long-term allograft outcome. Earlier studies showed concern 

regarding increased adverse events with MMF among older transplant recipients, especially 

opportunistic infection, graft loss and mortality,59,60 and thus antimetabolite avoidance 

regimen has been proposed as potential regimen for older recipients.5,11,17,27,31,60 However, 

there is conflicting data on the effect of MMF on infectious complications in older kidney 

transplant recipients,59–61and a subsequent study demonstrated the benefits and safety of 

MMF in older recipients ≥55 years.61 Nevertheless, limitations of this study included small 

sample size, differences in length of follow-up evaluation between each study group.61 In 

our study, we demonstrated that antimetabolite avoidance was associated with higher risks 

of graft failure and mortality among older recipients in comparison to steroid avoidance 

and triple therapy regimens, suggesting that the benefit of elimination are offset by 

complications.

The field has also moved away from CsA-based ISx. CsA-based regimens decreased from 

11.7% of patients to 3.9% between 2005 and 2016. CsA is generally believed to be less 

potent than Tac resulting in inferior outcomes after transplant. 62 In this analysis, CsA-based 

regimens were associated with higher rates of death-censored graft failure and mortality 

for younger and older patients. These findings may reflect altered CNI pharmacokinetics 

in older patients. In a prospective study of nearly 2,500 patients, CNI levels were 50% 

higher in patients ≥65 years old, potentially due to changes in CYP3A4 with aging.63 

This enhanced CNI level is compounded by greater variation in CsA levels in older 

adults, particularly with generic formulations, which may contribute to the observed adverse 

outcomes. Consequently, older patients without conditions that preclude the use of Tac (e.g. 

severe neurologic side effects) appear to benefit from early Tac-based therapy.
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While a national linkage of transplant registry and pharmacy claims offers the opportunity 

to study the impact of early ISx regimen on outcomes with sufficient sample size, diversity 

of management approaches, and follow-up to generate meaningful conclusions, there are 

inherent limitations in this type of analysis. First, this is a retrospective analysis of Medicare 

beneficiaries, and results may not generalize to kidney transplant recipients with private 

insurance.64 Given the focus on elderly patients, these Medicare data are likely an accurate 

reflection of outcome in this age group as the proportion of older adults was enriched in 

this sample. Second, exact ISx exposure, weaning plans, drug levels, and side effects are 

not available using these data. However, the assignment to the ISx regimen is likely to be 

accurate because, unlike center reported data in UNOS, these data represent paid claims in 

the Medicare system. A pharmacy data confirms that prescriptions were filled, medication 

adherence may vary across different regimens, and therapeutic drug level monitoring was 

not available. As the pharmacokinetics of CNIs change with older age and maintenance 

therapy with CNIs among older transplant recipients potentially needs more frequent 

monitoring and adjustments, it is possible that observed outcome differences were due 

to medication management as well as selection.65 While we assume lower exposure in 

patients on only two maintenance medications, this is not validated with objective measures. 

Third, it is possible that the choice of ISx regimen might have been affected by uncaptured 

risk factors in the database such as prior history of malignancy, biopsy data, other donor 

characteristics, intolerance of standard medications, or inability to afford these medications. 

For example, mTORi-based regimens may have been selected for recipients who received 

allografts with higher chronic Banff scores and higher vascular intimal thickening on biopsy 

data to avoid CNI toxicity. Conversely, patients with new-onset diabetes mellitus after 

transplant may have been switched to CSA to avoid this use. Fourth, early ISx choice is 

highly influenced by center practices.34 Consequently, center practice associated with higher 

graft failure may be associated with the use of non-standard ISx. The USRDS database does 

not provide center identifiers and, therefore, we could not independently assess the impact of 

center performance patterns on patient outcomes with different ISx regimens.

In summary, ISx selection after kidney transplant should be personalized based on donor 

and recipient risk factors. Older patients represent a growing but high-risk population of 

kidney transplant recipients. Our results suggest that reduced exposure to ISx may be 

beneficial. Alternative regimens, including CsA- and mTORi-based maintenance therapy, 

were associated with higher risk rates of adverse outcomes. Further study is needed 

to characterize the impact of alternations of pharmacokinetics associated with aging on 

transplant outcomes.
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Figure 1. 
Acute rejection incidence >6 months to 3 years after kidney transplant, by early ISx regimen 

and recipient age. * P<0.05 for comparison to reference regimen, within each age group. 

ALEM, alemtuzumab; AZA, azathioprine; CsA, cyclosporine; MPA, mycophenolic acid; 

mTORi, mammalian target of rapamycin inhibitor; Pred, prednisone; Tac, tacrolimus; TMG, 

anti-thymocyte globulin
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Figure 2. 
Relative risks of acute rejection (A), death censored graft failure (B), death (C), and all 

cause graft failure (2D) according to early ISx regimen and recipient age. Confidence 

intervals designate comparison of each regimen to the reference regimen, within age groups. 

*P<0.05 for test of interaction of age group and regimen effects.
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Figure 3. 
Death-censored draft failure (A) and death (B) incidence >6 months to 5 years after 

transplant, according to early ISx regimen and recipient age.
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