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Abstract
Background—The proportion of elderly (≥65 years) kidney transplant recipients (KTRs)
doubled in the United States (US) from 1999 – 2008. Given higher mortality, more medication
side effects, and less rejection among elderly KTRs, optimal care of these patients may require
tailored decisions about transplant therapeutics. It is unknown whether participants in transplant
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clinical trials – which generate the best evidence for patient care – are representative of the aging
population of KTRs.

Methods—Using PubMed, we identified randomized trials involving KTRs from 1999 – 2008
and determined age-exclusion criteria and the mean age of participants. The mean age of these
trial participants was compared to the mean age of the overall population of incident KTRs in the
US.

Results—The 87,222 participants in 573 trials were significantly younger than the US KTR
population (p<0.05). This age discrepancy worsened over the study period (during the years 2006
– 2008, the mean age was 45 years for trial participants versus 50 years for US KTRs, p<0.05).
Thirty percent of trials had an exclusion criterion based on older age, and 16% excluded recipients
≥65 years. In multivariable regression, immunosuppression trials (p<0.01) and trials in higher-
impact journals (p=0.03) were more likely to exclude the elderly, but there was no significant
difference in exclusion of elderly patients based on a trial’s geographic location.

Conclusions—Trial participants are younger than KTRs in the US and many trials exclude older
patients. Transplant investigators should make strong efforts to recruit patients across the total age
spectrum.
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Introduction
The United States (US) and the global population are aging rapidly, leading to greater focus
on the clinical needs of geriatric patients.(1) Older age elevates the risk of kidney disease
because of age-related kidney senescence and because older individuals are more likely to
have co-morbidities such as diabetes that compromise renal function.(2, 3) As a result, the
elderly (defined as ≥65 years) are the fastest growing segment of end-stage renal disease
(ESRD) patients and kidney transplant recipients (KTRs) in the US. Approximately half of
US incident dialysis patients are elderly, while the percentage of elderly kidney transplant
recipients (KTRs) doubled from 7% to 16% during the decade from 1999 – 2008 (Figure 1).
(4, 5) Optimal care of elderly KTRs requires tailored decisions about transplant therapeutics
because these patients have lower rejection rates, more medication side effects, and higher
mortality.(6–8) It is unknown, however, whether participants in transplant clinical trials are
representative of the aging population of KTRs in the US, and whether trial results can be
generalized to elderly KTRs.

Compared to chronic dialysis, older patients with ESRD derive survival and quality of life
benefits from kidney transplantation.(9) Using Organ Procurement and Transplantation
Network (OPTN) registry data, Rao et al. examined outcomes among 5667 individuals over
70 years of age in the US.(10) After 18 months, the relative risk of death was 56% lower for
transplant patients compared to waitlisted patients (p<0.01). Similar findings of improved
survival with transplant have been reported for elderly recipients in Australia and the United
Kingdom.(11, 12) The survival benefit of transplantation has also been shown in the
subgroup of older recipients who undergo transplantation with expanded criteria donor
(ECD) kidneys.(13–15)

Older age leads to alterations in immune function and medication metabolism that provide a
conceptual basis for tailoring transplant medical regimens for elderly patients. Studies of
older individuals reveal differences in both adaptive and innate immunity, compared to
younger controls.(16–19) Multiple lines of evidence also suggest that older KTRs are at
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lower risk of cellular rejection.(20, 21) Conversely, older KTRs experience a greater
incidence of transplant-associated malignancies, including lymphoproliferative disorders.
(22) Additionally, older KTRs may have slower metabolism of immunosuppression
medications. For example, Falck et al. reported that, compared to young recipients, KTRs
>65 years old required lower doses of cyclosporine to achieve similar drug concentrations.
(23) Integrating these findings, some leaders in clinical transplantation have proposed using
less intense induction and maintenance therapy, and closer surveillance for malignancy
when treating older KTRs.(6, 20, 24)

Randomized clinical trials offer the highest quality evidence to guide treatment.(25) The
primary goal of this study was to examine the generalizability of recent clinical trials to the
aging population of KTRs in the U.S. We hypothesized that trials involving
immunosuppression would be more likely to exclude elderly KTRs, that more recent clinical
trials would be less likely to exclude elderly KTRs, and that trial participants would be
younger than the overall population of US KTRs.

Results
A total of 637 manuscripts were initially identified. Twenty-six manuscripts were eliminated
due to duplication of the same study population, 23 because they did not involve adult
kidney-alone transplant recipients, 13 because the trials were not randomized, 4 because
they did not report sample sizes, and 2 because they were studies of kidney donors. The final
analyses included 573 (90% of total) trials with 87,222 patients.

We sought information about missing characteristics of trials – the number enrolled, mean
ages or group sizes – from the authors of 29 manuscripts, and received data from 6 authors.
Among the final 573 trials analyzed, 484 (84%) reported mean age, and 395 (69%) reported
mean age and standard deviation.

Characteristics of clinical trials (See Table 1)
Trials varied widely in number of participants, with a median of 81, a mean of 152, and a
range of 2 to 2102. The number of trials declined from 212 published in the period from
1999 – 2002, to 198 in 2003 – 2005, and 163 in 2006 – 2008. Four hundred thirty-eight
(76%) trials were conducted entirely outside the US. Three hundred eighty-six (67%) trials
had an immunosuppression intervention. The non-immunosuppression interventions were
diverse and included anti-viral prophylaxis, vitamin D supplementation, and protocol
biopsies.

Formal age-exclusion of kidney transplant recipients from clinical trials
One hundred seventy-three trials (30%) involving 29,478 patients had any exclusion
criterion related to older age. Ten trials excluded KTRs over 55 years, 31 trials excluded
KTRs over 60 years, 49 trials excluded KTRs over 65 years, 43 trials excluded KTRs over
70 years, 32 excluded KTRs over 75 years, and 8 trials excluded KTRs over 80 years. Thus,
90 trials (16%) involving 11,653 patients met the primary outcome of excluding patients
>65 years.

Contrary to our hypothesis, the percentage of trials excluding the elderly (>65 years) did not
decrease significantly during the study period (Table 1). Sixteen percent of studies published
in the years 1999 – 2002, 16% in 2003 – 2005, and 15% in 2006 – 2008 excluded the elderly
(p=0.98 for changes between each era). In secondary analyses, we also examined these
temporal trends by 1) weighting each trial according to the number of participants, and 2)
measuring the percentage of trials that had any exclusion based on older age (such excluding
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patients over 70 years). As shown in Figure 2, these analyses did not provide consistent
evidence that the exclusion of elderly patients decreased over time.

In univariate analysis, immunosuppression trials were more likely to exclude the elderly.
This finding was consistent across non-frequency-weighted (p<0.01) and frequency
weighted analyses (p<0.01). As a secondary analysis, we examined whether trials with the
goal of immunosuppression minimization were more likely to exclude the elderly than other
immunosuppression trials. We found no significant difference between these groups
(p=0.60).

In frequency-weighted analyses, larger trials were less likely to exclude the elderly (p<0.01),
while trials in higher impact journals were more likely to exclude the elderly (p<0.01).
Location of enrollment was also statistically significant, but differences in absolute
percentages of excluded patients across trials in different regions were unimportant.

Multivariable logistic regression (Table 2)
Trials involving immunosuppression (OR 2.40; CI 1.36, 4.22; p<0.01) and trials published
in high impact journals (OR 1.74, CI 1.07, 2.84; p=0.03) were more likely to exclude elderly
KTRs than other trials. There was no significant difference in the odds of excluding elderly
patients between trials conducted only in the US versus in other locations.

Mean ages of kidney transplant recipients
KTRs in clinical trials were younger than the KTR population in the US (45 versus 48 years,
p<0.05). Although elderly KTRs represented an increasing proportion of the US KTR
population from 1999 – 2008, the mean age of trial participants did not rise significantly
during this period. Figure 3 displays the ages of KTRs in clinical trials, with each bubble’s
size proportionate to the number of participants. The red line reflects the relative stability of
the weighted mean age of participants across each era (p=0.42 for change between reference
era 1 and era 2; p=0.50 for change between era 1 and era 3).

Contrary to our expectation, the difference between the mean age of trial participants and
that of the overall US KTR population widened during the study period. From 1999 –2002,
the mean age of trial participants was 44 years versus 47 years for US KTRs overall; from
2003 – 2005, it was 45 years versus 49 years respectively; and from 2006 – 2008, it was 45
years versus 50 years respectively (p<0.05).

In subgroup analyses, KTRs in immunosuppression trials, and in trials published in higher
impact journals were significantly younger than the overall population of US KTRs (p<0.05
for each comparison). We also closely examined trials performed only in the US. We found
that KTRs in trials conducted only within the US were younger than US KTRs overall
(p<0.05). However, when examining only KTRs in trials, we found that the mean age of
KTRs in US trials was older (46 years) than participants in trials conducted outside the US
(44 years, p<0.05).

Results were unchanged in sensitivity analyses and not shown.

Trials focused on older patients
No trials had the explicit goal of enrolling older KTRs. Three trials specifically enrolled
recipients of ECD kidneys, but were not restricted to elderly KTRs. The mean age of KTRs
in these trials was 57 years.
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Discussion
The population of elderly KTRs is growing in the US and many other countries. These
patients experience lower rates of rejection, but higher rates of infection, cancer, adverse
events and death.(26) Our study reveals that a substantial proportion of clinical trials in
kidney transplantation exclude patients on the basis of older age, that trial participants are
younger than US KTRs overall, and that the mean age of trial participants is not increasing.
These findings raise concerns about the quality of evidence available to clinicians in treating
elderly KTRs, and suggest that investigators leading future trials should make strong efforts
to recruit patients across a wide age spectrum.

Investigators might have diverse motivations for excluding older patients from trials. These
include legitimate fear of harming these patients and a desire to demonstrate a favorable side
effect profile for a new medication. Concern about side effects in older individuals is
consistent with our finding that trials involving immunosuppression were more likely to
exclude elderly patients, who are more vulnerable to infections.(8) On the other hand,
investigators and trial sponsors may have failed to anticipate the growth of the elderly KTR
population. No randomized trials that we reviewed targeted elderly patients specifically and
only three trials focused on ECD kidney recipients, who are often older. From this
standpoint, failing to enroll elderly KTRs could have negative consequences for marketing
and dissemination of new treatments.(15, 27)

Trial participants were significantly younger than the overall population of KTRs in the US.
This finding could have resulted from formal age-exclusion criteria, or indirectly from
criteria based on co-morbidities, such as cardiovascular disease, malignancy or other
conditions that increase in prevalence with age.(28) This finding might also be expected
given that clinical trials are conducted in countries throughout the world, including nations
with a smaller geriatric patient population than in the US or where resource-intensive
treatments such as transplantation are less often offered to the elderly. However, we found
that trial participants were younger in multiple subgroups, including trials performed only in
the US. Unfortunately, as shown in Figure 3, the mean age of KTRs in trials has not risen
appreciably, and thus, the age-disparity between KTRs in trials and US KTRs is widening
and growing more clinically important. The stable mean age of KTRs in trials suggests that
enrollment strategies have not been responsive to the changing age-demographics in places
with substantial kidney transplant populations including the US, Europe and Canada. This
study should provide a cautionary lesson for clinicians caring for elderly KTRs. For the
elderly, the risk/benefit profile of many medications may not have been sufficiently
investigated (29). These age-related limitations to our knowledge base may not be
highlighted in commonly-used reference materials including Micromedex or UpToDate.(30,
31)

Achieving greater age-inclusiveness in clinical trials might be accomplished through several
means.(32) Agencies such as the Food and Drug Administration (FDA) and the National
Institutes of Health should encourage investigators to provide strong evidence that age-
exclusion criteria are warranted. The FDA might also require post-marketing surveillance
studies of transplant medications aimed at characterizing side effects among under-
represented subgroups such as elderly KTRs. Notably, the exclusion of older patients from
clinical trials has also been reported in general nephrology, cardiovascular medicine and
oncology, suggesting that regulatory agencies might emphasize the need for enrollment of
older patients in trials across disciplines.(33–35) On the other hand, the majority of
transplant clinical trials are performed outside the US and participants in these trials are
slightly younger than participants in trials conducted only with US patients. US regulatory
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and funding agencies may have limited abilities to influence the design of these trials
conducted outside their purview.

In the future, journals considering clinical trials should require clear reporting of age-
exclusion policies, detailed descriptive measures of age, and, where relevant, subgroup
analyses of elderly patients.(36, 37) The association found in our analysis between studies
that excluded elderly KTRs and higher impact journals was not anticipated. It is possible
that these trials were more likely to show “favorable” findings because elderly patients were
excluded, and therefore they were more likely to be accepted by high impact journals. In any
case, higher impact journals are in a strong position to require subgroup analyses among
older participants or acknowledgement of limited generalizability where the elderly are not
well-represented.

This study has limitations. First, we did not analyze trials published in non-English language
journals. Second, some trials may have had unreported age-exclusion policies, or
recruitment procedures that excluded the elderly in practice, such as coordinators that didn’t
enroll elderly patients out of concern for their wellbeing. However, these possibilities, if
substantiated, would indicate that we underestimated the proportion of trials excluding older
patients. Additionally, it is likely that we underestimated the difference in mean age between
trial participants and KTRs in the US generally, since the OPTN provides the age at
transplant and the trials enrolled a mixture of incident and prevalent patients.

Conclusion
Despite the growing population of elderly KTRs, many clinical trials in kidney
transplantation exclude these patients and the mean age of trial participants has not increased
appreciably. Given that elderly recipients often have worse outcomes and a greater
likelihood of adverse effects in kidney transplantation, this study raises concerns that the
findings of many clinical trials may not be generalizable to the higher-risk cohort of elderly
KTRs. Transplant clinicians should carefully examine the age-distribution of trial
participants before applying trial results to their elderly patients. Investigators designing
future trials should provide a strong rationale for excluding older patients and make
appropriate efforts to recruit patients across a representative age range.

Methods
Identification of clinical trials

In June 2009, we performed a systematic search of the PubMed database to identify
manuscripts reporting results from randomized clinical trials involving adult (≥18 years)
KTRs, published in English from 1999 through 2008. We selected this time interval because
transplantation of elderly KTRs in the US doubled from 1999 – 2008, and because the
interval was recent enough that these trials could be considered relevant to current practice.

Manuscripts were excluded if transplantation was an intervention or desired outcome of the
trial, if the number of participants could not be determined, or if the sample population was
used for more than one manuscript. When duplicate populations were identified in >1 trial,
we used the largest trial and excluded the others.

The study met criteria for exemption from our institution’s review board because no data
with patient identifiers were used.
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Outcomes
The primary outcome was a study’s explicit exclusion of KTRs ≥65 years of age according
to eligibility criteria. Studies that excluded KTRs using a lower age threshold (e.g. a study
excluding patients ≥60 years) were also categorized as meeting the primary outcome of
excluding participants ≥65 years old. For simplicity, we did not distinguish between studies
that excluded patients >65 years versus ≥65 years.

The secondary outcome was mean age of a study’s clinical trial participants.

Characterization of trials
Trials were categorized as immunosuppression versus other intervention and by site of
patient enrollment (US only, US and non-US sites, non-US sites only). Trials were
empirically divided into tertiles according to number of patients (<52, ≥53 and <124, and
≥124 participants). To examine temporal trends related to age, trials were categorized
according to chronological era of publication year (1999 – 2002, 2003 – 2005, and 2006 –
2008). Lastly, trials were categorized as to whether they were published in a “higher impact”
journal as measured by impact factor reported by ISI Web of Knowledge in June 2010.(38)
We restricted this category to the five highest impact general medicine journals (New
England Journal of Medicine, Journal of the American Medical Association, the Lancet,
Annals of Internal Medicine, and the British Medical Journal), the two highest impact
transplantation journals (the American Journal of Transplantation, and Transplantation) and
the two highest impact nephrology journals (Journal of the American Society of Nephrology
and Kidney International).

Characterization of kidney transplant recipients in the United States
We used registry data from OPTN to determine the mean age of adult (≥18 years) KTRs in
the United States overall from 1999 – 2008. We excluded recipients of multi-organ
transplants.

Statistical analysis
Comparisons of age-exclusion policies across types of trials were made using chi-square.
Chi-square analyses were also performed weighted by the number of participants in each
trial (frequency weight command in Stata) in order to account for differences in sizes of trial
populations.

Some trials did not report an overall mean age and/or standard deviation for randomized
patients. We derived these missing data by calculating the weighted mean of the ages of
patients in each trial arm and/or the overall variance in each trial, if standard deviations and
numbers of patients were provided only for each trial arm (and not overall). We used meta-
regression models to estimate the mean age of the total population of patients in trials, and to
analyze temporal trends in the ages of trial participants across eras; for these calculations,
we assumed random effects for each trial.(39) For meta-regression, when standard deviation
was missing from a trial, we imputed the standard deviation using the mean standard
deviation of KTRs in trials that did report these data. Additionally, to ensure that imputation
did not affect our conclusions, we performed sensitivity analyses for the meta-regression
models where the 25th and 75th percentile values of standard deviations were imputed for
missing values.

Multivariable logistic regression was used to examine associations between trial
characteristics and the primary outcome of having a stated criterion to exclude elderly
KTRs. All trial characteristics considered in univariate analysis (immunosuppression
intervention, site of patient enrollment, size, era, and type of journal) were included in the
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model. The Hosmer-Lemeshow goodness-of-fit hypothesis was not rejected (p>0.05).
Analyses were performed using StataMP 11 (Stata Corporation, College Station, TX, USA).
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Figure 1.
Age-Distribution of Kidney Transplant Recipients (KTRs) in the United States 1999 –
2008(5)
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Figure 2. Percentage of Participants in Clinical Trials Excluding the Elderly and in Trials with
Any Older-age Exclusion, by Era a,b
a Trials with “any older age exclusion” ranged from excluding patients >55 years old to
excluding patients > 80 years old.
b Trials were weighted by population size; therefore, percentages reflect the number of
participants in trials excluding patients on the basis of older age, not the number of trials.
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Figure 3. Mean Age of Participants in Randomized Trials in Kidney Transplantation, by Era a
a The size of each bubble is proportionate to the size of the trial
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Table 2

Association of trial characteristics with the outcome of trial exclusion of participants over 65 years of age in
multivariable logistic regression a

Trial characteristic Odds Ratio 95% C.I. p-value

Era
  1999 – 2002
  2003 – 2005
  2006 – 2008

Reference
0.84
0.80

Reference
0.49, 1.46
0.45, 1.43

Reference
0.54
0.45

Number of patients enrolled
  0 – 52
  53 – 123
  ≥124

Reference
0.82
0.59

Reference
0.47, 1.42
0.32, 1.07

Reference
0.48
0.08

Location of Patient Enrollment
  Enrollment only in the U.S.
  Enrollment in the U.S. and
    Non-U.S. countries
  Enrollment only in non-U.S.

Reference
1.08
1.62

Reference
0.34, 3.39
0.82, 3.18

Reference
0.90
0.17

Immunosuppression trial
  (versus non-immunosuppression)

2.40 1.36, 4.22 0.01

Higher impact journal (versus lower) 1.74 1.07, 2.84 0.03

a
The multivariable logistic model included all trial characteristics listed in the table
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