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There is a growing shortage of kidney donors leading to extended transplant waiting times associated with increased mortality. To expand the donor pool, clinicians nowadays regularly accept organs from elderly donors, including those aged ≥70 years. There is only limited and conflicting data whether kidneys from these elderly donors allow for satisfactory allograft outcome rates. To asses this question, the 5-year death censored graft survival of 116,870 adult first deceased donor kidney allograft recipients that were transplanted at European centers between 1997 and 2016 and reported to the “Collaborative Transplant Study” were analyzed using Kaplan–Meier analysis and country stratified Cox regression. The combinations of the two transplant periods 1997–2006 and 2007–2016 with the donor age categories 18–49, 50–59, 60–69, and ≥70 years were considered. From 1997–2006 to 2007–2016, the median donor age increased from 50 to 55 years and the proportion of kidneys from ≥60-year-old donors rose from 24.1 to 38.8%. At the same time, the proportion of kidneys from ≥70-year-old donors more than doubled (6.7 vs. 15.4%). Between 1997–2006 and 2007–2016, the 5-year graft survival improved in all donor age categories. During 2007–2016, the 5-year death censored graft survival of kidneys from ≥70-year-old donors was comparable to that of kidneys from 60 to 69-year-old donors during 1997–2006. This was true both for younger recipients (18–64 years) and older recipients (≥65 years). Among the younger recipients, 45–64-year-old recipients showed the best death censored graft survival rates for kidneys from old donors. In the country-stratified Cox regression analysis, compared to the reference of grafts from 18 to 49-year-old donors, the hazard ratio for grafts from ≥70-year-old donors during 2007–2016 was 1.92, exactly the same as the hazard ratio for grafts from 60 to 69-year-old donors during 1997–2006. Our analysis indicates that within only one further decade (1997–2006 vs. 2007–2016) the 5-year death censored graft survival of kidneys from ≥70-year old donors improved to the level of kidneys from 60 to 69-year-old donors in the previous decade.
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INTRODUCTION

Kidney transplantation is the therapy of choice for patients with end stage renal disease (ESRD) and is associated with improved survival rates also in elderly recipients aged ≥70 years (1, 2). Donation from a living donor provides the best outcome rates; however, in many cases there is no living donor available, leaving patients to wait for an organ from a deceased donor whilst staying on maintenance dialysis. Due to a widespread shortage in donor organs, the waiting time for a deceased donor kidney often amounts to several years (3). At the same time, maintenance hemodialysis is associated with a mortality that is up to 10 times greater than the mortality of the general population, reaching up to 20% per year (4). This dilemma has urged clinicians to increase the donor pool by accepting kidneys from suboptimal donors. First in 2002, these donors were categorized as expanded-criteria donors (ECD) (5). ECD were defined as either aged 60 years or older at time of death or as aged 50–59 years with two of the following three criteria (a) history of hypertension, (b) serum creatinine >1.5 mg/dl, or (c) death by cardiovascular accident.

There is ample evidence that kidneys from ECD have worse survival rates than kidneys from standard criteria donors (SCD) (6). Nonetheless, the proportion of ECD has strongly increased in the last decade, especially in Europe, amounting to almost 50% of all deceased donors in recent years (7, 8). Nowadays, clinicians regularly transplant kidneys from deceased donors aged 65 and older: in 2018, 25% of all deceased donor kidneys transplanted within the Eurotransplant (ET) region came from donors aged ≥65 years (7). In this aging donor population with—by nature—an increased amount of (potentially unknown) comorbidities, donor selection has become even more important. There is limited and partly conflicting data whether kidney transplants from donors aged 70 or older result in satisfactory allograft outcome rates. Some transplant centers have reported encouraging results for kidneys from ≥70-year-old donors with graft survival rates comparable to kidneys from younger donors by using pre-implantation biopsies and proceeding with either single or dual-kidney transplantation or discarding the organs, depending on the biopsy results (9, 10). However, graft survival rates of kidneys transplanted within the European Senior Program (ESP) (comprising—by definition—only donors aged ≥65 years) have been shown to be slightly worse than the graft survival rates in the regular Eurotransplant Kidney Allocation System (ETKAS) (11). One large study in the United States (US) also showed significantly worse outcomes for kidneys from donors aged 70 years and older when compared to donors aged 50–69 (12). However, no study so far has assessed how the graft survival rates of kidneys from donors aged ≥70 years that were transplanted in recent years compare to survival rates of kidneys from coeval as well as younger donors obtained in the past. To evaluate this matter, we analyzed outcome data from the international Collaborative Transplant Study (CTS) by combining transplant period and donor age.



MATERIALS AND METHODS


Study Design

First deceased donor kidney transplants in adult recipients and donors (age ≥18 years) reported to CTS were analyzed (www.ctstransplant.org). Multi-organ transplants (e.g., kidney and pancreas) were excluded. Analysis was limited to data from transplant centers in Europe (209 centers from 23 countries). The combination of the two transplant periods 1997–2006 and 2007–2016 with the following four donor age categories 18–49, 50–59, 60–69, and ≥70 years were considered. Moreover, kidney transplants from the two transplant periods were also stratified according to four recipient age categories: 18–44, 45–54, 55–64, and ≥65 years.



Statistical Analysis and Outcome

The primary endpoint was 5-year death censored graft survival. Categorical variables were assessed using Fisher's exact test or chi-squared test. For continuous variables, the median with interquartile range (IQR) as well as the mean with standard deviation (SD) are shown. Mann–Whitney–U-test was used for statistical analysis of continuous variables. Survival rates were illustrated using the Kaplan–Meier method. Hazard ratios of the influence of the donor age categories with 95% confidence intervals (CI) were calculated with multivariable Cox regression. Analyses were stratified by country to eliminate confounding by different country-based allocation strategies. Other parameters such as donor/recipient comorbidities, cold ischemia time, duration of dialysis, induction therapy, sensitization status, or race were deliberately not considered for Cox regression analysis as the primary goal was to show the real-life changes in 5-year death censored graft survival between the two transplant periods for the different donor age groups. To exclude the influence of age-matched allocation strategies, separate analyses in the subgroups of 18–64 and ≥65-year-old recipients were also performed. The survival rate of the 18–49-year-old donors in the period 1997–2006 served as reference.

Two tailed P-values of < 0.05 were considered statistically significant. Statistical analysis was conducted using the software IBM® SPSS® Statistics version 25.0 (SPSS Inc., IBM Corporation, Somers, NY, USA).




RESULTS

In total, 116,870 patients were assessed, 59,158 in the transplant period 1997–2006 and 57,712 patients in the transplant period 2007–2016.

The demographics of study patients from both periods are summarized in Table 1. The median donor age increased from 50 years during 1997–2006 to 55 years during 2007–2016 (P < 0.001). Within the donor population, the proportion of 60–69-year-old donors increased significantly from 17.3% during 1997–2006 to 23.4% during 2007–2016 (P < 0.001). The absolute number of donors aged ≥70-years more than doubled (3,996 during 1997–2006 vs. 8,874 during 2007–2016) and their relative proportion rose from 6.7 to 15.4% (P < 0.001). The median recipient age also increased over time (51 vs. 56 years; P < 0.001). Figure 1 visualizes the development of donor age in 5-year intervals over the course of the 20 years assessed: From 1997–2001 to 2012–2016, the proportion of ≥70- as well as 60–69-year-old donors increased from 4.8 and 15.6% to 17.7 and 24.4%, respectively. This was paralleled by a decline of 18–49-year-old donors from 54.5 to 32.0% (P < 0.001).


Table 1. Demographics of study patients.
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FIGURE 1. Development of donor age in European adult recipients of first deceased donor kidney transplants across different time periods.


Furthermore, the total number and especially the number of 5–6 HLA-mismatched transplants increased significantly between 1997–2006 and 2007–2016 (2.9 vs. 3.3 and 12.5 vs. 20.2%, respectively; P < 0.001 for both comparisons). The donors had significantly more often a history of hypertension (12.5 vs. 15.4%; P < 0.001), the cause of donor death was significantly less often trauma (27.9 vs. 17.4%; P < 0.001), and donation after cardiac death became more frequent (3.9 vs. 13.2%; P < 0.001). Cold ischemia time was the only parameter which improved, i.e., it decreased in median from 17 to 14 h (P < 0.001).

Although a negative trend was evident in the majority of the demographic parameters, the 5-year death censored graft survival improved significantly across all donor age groups from 1997–2006 to 2007–2016, including younger recipients aged 18–64-years as well as older recipients aged ≥65-years (Figure 2). In detail: in 18–64-year-old recipients, the 5-year death censored graft survival of kidneys from ≥70-year-old donors during 2007–2016 was superior compared to kidneys from 60 to 69-year-old donors during 1997–2006 (82.9% [95% CI 81.2–84.4%] vs. 79.7% [95% CI 78.7–80.6%], log rank P < 0.001, Figures 2A,B). The 5-year death censored graft survival of kidneys from 60 to 69-year-old donors in 2007–2016 improved to the level of kidneys from 50 to 59-year-old donors in 1997–2006 (84.4% [95% CI 83.5–85.2%] vs. 84.1% [95% CI 83.4–84.7%], P = 0.27).
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FIGURE 2. Influence of donor age (D) on death censored graft survival during the first 5 post-transplant years, stratified by recipient age and transplant period. (A,B) Display 5-year death censored graft survival for recipients aged 18–64 transplanted during the (A) 1997–2006 and (B) 2007–2016 period; (C,D) display 5-year death censored graft survival for ≥65-year-old recipients for (C) 1997–2006 and (D) 2007–2016 (all global log rank P < 0.001).


In ≥65-year-old recipients, the 5-year death censored graft survival of kidneys from ≥70-year-old donors during 2007–2016 was similar to kidneys from 60 to 69-year-old donors transplanted during 1997–2006 (78.6% [95% CI 77.3–79.8%] vs. 79.1% [95% CI 77.3–80.7%], P = 0.60, Figures 2C,D). Likewise, the 5-year death censored graft survival of kidneys from 60 to 69-year-old donors transplanted during 2007–2016 was comparable to kidneys from 50 to 59-year old donors during 1997–2006 (84.7% [95% CI 83.4%−85.9%] vs. 85.7% [95% CI 83.4%−87.6%], P = 0.45). The same results were obtained when comparing all cause graft survival among the different donor age groups across the two transplant periods—both in young recipients (18–64 years) and old recipients (≥65 years; Figure 3).
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FIGURE 3. Influence of donor age (D) on all cause graft survival during the first 5 post-transplant years, stratified by recipient age and transplant period. (A,B) Display 5-year graft survival for recipients aged 18–64 transplanted during the (A) 1997–2006 and (B) 2007–2016 period; (C,D) display 5-year graft survival for ≥65-year-old recipients for (C) 1997–2006 and (D) 2007–2016 (all global log rank P < 0.001).


The influence of recipient age on 5-year death censored graft survival was also assessed for the two different transplant periods (Figure 4). Except for 18–44-year-old recipients, kidneys from young donors (aged 18–59 years) showed similar survival rates in all recipient age groups of the two considered transplant periods (global log rank P = 0.87 and P = 0.82, respectively). Kidneys from older donors (aged ≥60 years) had significantly worse 5-year death censored graft survival rates in 18–44-year-old as well as in ≥65-year-old recipients compared to 45–64-year-old recipients, regardless of transplant period (all log rank P < 0.001).
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FIGURE 4. Influence of recipient age (R) on death censored graft survival during the first 5 post-transplant years, stratified by donor age and transplant period. (A,B) Display 5-year death censored graft survival for donors aged 18–59 transplanted during the (A) 1997–2006 and (B) 2007–2016 period; (C,D) display 5-year death censored graft survival for ≥60-year-old donors for (C) 1997–2006 and (D) 2007–2016 [global log rank (B) P = 0.12; (A,C,D) P < 0.001].


In the Cox regression analysis of death censored graft loss stratified by country, the 5-year graft loss of kidneys from 18 to 49-year-old donors transplanted in the 1997–2006 period was taken as reference (Table 2). When all recipients were analyzed together, the hazard ratio for graft loss of kidneys from ≥70-year-old donors during 2007–2016 was 1.92 (95% CI 1.80–2.05), the same as the hazard ratio for kidneys from 60 to 69-year-old donors during 1997–2006 (95% CI 1.81–2.03; P = 0.96). In addition, the hazard ratio for kidneys from 60 to 69-year-old donors during 2007–2016 was the same as the hazard ratio for kidneys from 50 to 59-year-old donors during 1997–2006 (1.45, 95% CI 1.37–1.54 and 1.38–1.53, respectively; P = 0.96).


Table 2. Results of the Cox regression analysis for influence of donor age on death censored graft loss during the first 5 post-transplant years.
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In 18–64-year-old recipients, the hazard ratio for graft loss of kidneys from ≥70-year-old donors during 2007–2016 was lower (1.68, 95% CI 1.51–1.87) compared to that of kidneys from ≥70-year- as well as 60–69-year-old donors during 1997–2006 (2.38; 95% CI 2.13–2.65; P < 0.001 and 1.93; 95% CI 1.81–2.06; P = 0.017, respectively) and slightly (but significantly) worse than the hazard ratio for kidneys from 50 to 59-year-old donors during 1997–2006 (1.45; 95% CI 1.37–1.54; P = 0.008). The hazard ratio for kidneys from 60 to 69-year-old donors during 2007–2016 was comparable to that for kidneys from 50 to 59-year-old donors during 1997–2006 (1.46, 95% CI 1.37–1.57 and 1.45; 95% CI 1.37–1.54, respectively; P = 0.83).

In ≥65-year-old recipients, the hazard ratio for graft loss of kidneys from ≥70-year-old donors during 2007–2016 was lower compared to ≥70-year-old donors during 1997–2006 (2.15, 95% CI 1.80–2.57 and 2.70, 95% CI 2.24–3.25, respectively; P < 0.001) and only slightly (but not significantly) worse compared to 60–69 year-old-donors during 1997–2006 (1.96, 95% CI 1.63–2.36; P = 0.097). The hazard ratio of kidneys from 60 to 69-year-old donors during 2007–2016 and that of kidneys from 50 to 59-year-old donors during 1997–2006 were nearly equal (1.53, 95% CI 1.27–1.83 and 1.52; 95% CI 1.21–1.90, respectively; P = 0.95).



DISCUSSION

We could demonstrate that within only one decade the 5-year death censored graft survival rates of kidneys from donors aged ≥70 years improved to a level that was comparable to the graft survival of kidneys from donors aged 60–69 years in the previous decade. Moreover, as may have been expected—a significant 5-year increase in median donor age was observed during the same time period. Remarkably, the proportion of donors aged ≥70 years more than doubled from 6.7 to 15.4%. Regardless of the changes in donor age distribution, graft survival improved significantly in all donor age groups over the assessed time period.

Increasing donor age is widely recognized as one of the most important risk factors for poor kidney allograft survival (13–15). As a consequence, the discard rate of kidneys from elderly donors is strongly elevated, especially in donors aged ≥65 years (10, 16–18). Nonetheless, we were able to show that the graft survival of kidneys from donors aged ≥70 years improved, in the short time interval of one decade, to the level previously seen for kidneys from donors aged 60–69 years. At the same time, the graft survival of kidneys from 60 to 69-year-old donors improved to the level of 50–59-year old donors from the previous decade. In times of universal organ shortage, these are remarkable findings especially considering the high organ discard rate in old donors mentioned above. Of course, it has to be pointed out that kidneys from younger donors still perform distinctly better than kidneys from older donors and that increasing donor age remains a negative predictor of graft survival. However, the absolute and relative improvements in 5-year death censored graft survival and all cause graft survival of kidneys from older donors over the course of just one decade are astonishing. This is an important, reassuring finding for clinicians when deciding on whether to accept an organ offer from an elderly donor or not.

Several previous publications had shown fairly poor survival rates for kidney grafts from old donors transplanted into young recipients (11, 12, 19). However, our data show, that the hazard ratio of kidneys from ≥70-year-old donors transplanted into 18–64-year-old recipients decreased—within only one decade—from 2.38 to 1.68, which is better than the hazard ratio reported for 60–69-year-old kidney donors during 1997–2006 (1.93) and only slightly worse than the hazard ratio reported for 50–59-year-old kidney donors (1.45). It needs to be pointed out though that not all young recipients fare alike with kidneys of older donors. We demonstrate that it is the group of 45–64-year-old recipients that show the best 5-year death censored graft survival rates whereas 18–44-year-old recipients have a significantly reduced graft survival. Therefore, if kidneys from older donors (age ≥60 years) are transplanted into younger recipients (<65 years), they should be chosen primarily for the group of 45–64-year-old recipients. Moreover, out data indicate that a strict old-for-old allocation concept puts 45–64-year-old recipients at a disadvantage as they also profit from a ≥60-year-old-donor.

We can only speculate about the main factors that are responsible for the improved graft survival rates: post-transplant surveillance has improved, ranging from more frequent, in some centers to even per-protocol kidney biopsies with more standardized histological evaluation; close surveillance of individualized immunosuppressive drug levels, regular screening for development of donor-specific antibodies, effective antiviral prophylaxis and better diagnosis and treatment of concomitant, cardiovascular and renal risk factors. Furthermore, there have been advances in the pre- and peri-transplant period including more sensitive alloantibody detection, revised allocation procedures and improved kidney storage and preservation. The impact of different immunosuppressive agents on graft survival is controversial with some studies suggesting superior outcomes with tacrolimus and mycophenolate but other large studies showing no difference (20–24). What seems more important is to tailor the choice of immunosuppressive agents to the immunological risk profile of each patient as well as to consider individual patient risk factors such as co-morbidities and the clinical course after transplant, especially in elder recipients (25). All factors mentioned above might—to varying degrees—have contributed to the improved survival rates in transplants from elderly donors (26–28).

The general increase in 5-year death censored graft survival is even more noteworthy considering the increased immunological risk that clinicians were willing to take in the more recent transplant period. The mean number of HLA-mismatches increased significantly, from 2.9 during 1997–2006 to 3.3 during 2007–2016. Furthermore, the number of kidney transplants with 5 or 6 HLA-mismatches increased from 12.5 to 20.2%. It has been well-documented that the number of HLA-mismatches is strongly associated with worse long-term graft survival (29, 30). Apparently, the aforementioned improvements both in the peri- and post-transplant management seem to have outweighed the enhanced immunological risk.

There have been previous studies on kidney transplantations from elderly donors aged ≥70 years. Several Italian and British studies have shown that performing pre-implantation biopsies of donor kidneys aged ≥70 years and then proceeding with either dual or single transplantation or discarding the organs depending on the histological evaluation resulted in kidney graft survival rates that were equal to survival rates of organs from younger donors (9, 10, 31). In contrast, studies on the European Senior Programme have reported slightly worse survival rates for kidneys from donors aged ≥65 years when compared to the regular ETKAS programme (11). There is also a large study from the United States that presented inferior survival data for kidneys from donors aged ≥70 years (12). Of note, in all these studies the survival of kidneys from older donors was compared to that of younger donors from the same time period. Our data are novel as we compared the (death censored) graft survival of different kidney donor age groups to the same age cohorts transplanted 10 years earlier. This allowed us to appreciate the significant improvements, especially for elderly donor kidneys, that have been achieved over the last 20 years. Our data also stress that this improvement was necessary for we have also seen a remarkable change in kidney donor characteristics in Europe. The median donor age increased to 55 years and 17.7% of donors were ≥70 years old during 2012–2016. At the same time, the proportion of 18–49-year-old donors decreased from 55% in 1997–2001 to 32% in 2012–2016. Nowadays, ECD seem to have almost become the new average donor, at least in Europe. Interestingly, these trends are not observed in the US where kidneys from ≥65-year-old donors still comprise <5% of the donor pool with no upward trend during the last decade (18). In contrast, our data from European centers demonstrate that even kidney allografts from donors aged ≥70 years can be accepted with good outcome rates for selected recipients.

Our study has several limitations. First, we cannot fully exclude a potential center selection bias as the data in our dataset were not collected at random but rather stemmed from the participants of the CTS, a voluntary network of transplant centers worldwide. However, the data of this study originated from more than 200 centers in 23 European countries, comprising a total of 116,870 patients. About two thirds of the data set came from countries, where all (or nearly all) of the countries' transplant centers report their data to CTS. Moreover, the CTS has excellent follow-up completeness rates of 97% 1 year and 95% 5 years post-transplant (32). Therefore, we consider the impact of a potential center selection bias to be marginal. Second, our study focussed on donor age. We deliberately did not consider other parameters that are known to be associated with graft survival such as donor/recipient comorbidities (arterial hypertension/diabetes mellitus), duration of dialysis, cold ischemia time, or number of HLA-mismatches in the Cox regression analysis. This was done as we wanted to illustrate the real-life improvements in graft survival for kidneys from old donors that have been achieved within just one decade irrespective of potential changes in other variables. However, looking at the parameters that were available within the CTS, except for cold ischemia time, all factors with a negative impact on graft survival were more frequent in the more recent transplant period (number of HLA-mismatches, donor history of arterial hypertension, donation after cardiac death, cerebrovascular accident as cause of death, high recipient age). Cold ischemia time was the only measured parameter that was in favor of the second transplant period as it was found to have diminished from 1997–2006 to 2007–2016. We are aware that this brief overview is by no means equivalent to a full regression analysis correcting for potential confounders; however, from the data available we have no evidence that the pattern of our results could be due to a strong bias. Third, we focused our analysis primarily on death censored graft survival and did not report on patient survival. We chose to do so because the life expectancy of kidney transplant patients increased over the course of the 20-year time period assessed in the paper (33). However, this fact itself already improves patient survival thus impairing a correct analysis of this parameter. Death censored graft survival purely reflects graft function independent of patient survival data which is why we chose to focus on it. Importantly, the all cause graft survival data reported by us confirm the findings from the analysis of death censored graft survival. Forth, we do not report follow-up data beyond 5-years post-transplant, because the long-term data available for the second transplant period (2007–2016) is still rather incomplete after year 5. Hence, we do not know if the findings demonstrated in this study will persist long-term. However, the hazard ratio of (death censored) graft survival usually remains approximately constant after the first-year post-transplant, suggesting that the long-term effects will be similar to our findings 5-years after transplantation.

In conclusion, we demonstrate that within only one decade, namely from 1997–2006 to 2007–2016, the 5-year death censored graft survival of kidneys from ≥70-year-old donors improved to a level of kidneys from 60 to 69-year-old donors in the previous decade. The same improvement was observed also for kidneys from 60 to 69-year-old donors compared to kidneys from 50 to 59-year-old donors transplanted one decade earlier. Considering the unmet lack of donor organs, these results may help to further expand the kidney donor pool especially for recipients aged ≥45 years.
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