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Abstract
OBJECTIVES—Clinical outcomes in older adults with metastatic renal cell carcinoma (mRCC)
are poorly understood, particularly in the era of targeted therapies. We characterize survival and
relevant treatment-related variables in a modern series.

MATERIALS AND METHODS—From an institutional database including 562 patients with
RCC, a total of 219 patients with metastatic disease were identified for the current analysis.
Survival was assessed in four age-based cohorts: (1) age < 55, (2) age 55–64, (3) age 65–74, and
(4) age ≥ 75. The number of lines of therapy rendered was collected for each patient, and the
reason for treatment discontinuation was characterized.

RESULTS—Of the 219 patients assessed, median age was 58 (range, 26–87), and most patients
had clear cell histology (82%) and prior nephrectomy (70.9%). The majority of patients were
characterized as intermediate-risk (53%) by MSKCC criteria. Median survival in patients age ≥ 75
was 12.5 months, as compared to 26.4 months for patients age < 75 (P=0.003). Patients age ≥ 75
received fewer lines of systemic therapy as compared to other age-based subsets, and more
frequently discontinued therapies due to toxicity.

CONCLUSIONS—Older adults represent a unique subpopulation of patients with mRCC, with
distinct clinical outcomes. Further research is warranted to better understand the safety and
tolerability of current therapies for mRCC in this group.
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Introduction
The past decade has been marked by a dramatic paradigm shift in the treatment of metastatic
renal cell carcinoma (mRCC) – specifically, a total of 7 targeted agents have been approved
by the United States Food and Drug Administration.(1) These targeted agents antagonize the
vascular endothelial growth factor (VEGR) receptor signaling pathway through ligand
binding (bevacizumab), tyrosine kinase inhibition (sunitinib, sorafenib, pazopanib and
axitinib), or inhibition of a downstream moiety, the mammalian target of rapamycin
(mTOR; temsirolimus and everolimus). These agents possess several advantages over
traditional immunotherapeutic strategies, such as interferon-α (IFN-α) and interleukin-2
(IL-2).(2) Several of these agents (e.g., sunitinib and temsirolimus) have demonstrated a
benefit in clinical outcome (i.e., progression-free survival, PFS, and overall survival, OS)
relative to IFN-α.(3–4) Furthermore, although high-dose IL-2 therapy may elicit a durable
response in a small proportion of patients with mRCC (estimated in the range of 5–7%), the
treatment is generally rendered to younger patients with more limited co-morbidities.(5)

In contrast to IFN-α and IL-2, the targeted therapies appear to represent an efficacious
option applicable to a broader patient population. Efforts have been made or are currently
underway to understand the relative efficacy of both VEGF- and mTOR- directed therapies
in a number of different clinical settings (i.e., mRCC in patients with non-clear cell
histologies, brain metastases, etc.).(6–7) Older adults arguably represent a population
warranting further study in this context. While subset analyses by age do accompany the
majority of phase III clinical trials in mRCC, there is little consistency in the manner in
which this data is reported. For instance, the pivotal studies of everolimus, pazopanib, and
sunitinib report outcomes based on an age cut-off of 65, while a pivotal study of
bevacizumab utilizes an age cut-off of 70.(4, 8–9) Regardless, the utility of these analyses is
challenged by the fact that the median age at diagnosis of RCC is 64 – thus, these cut-offs
may not accurately characterize an “older” population.(10) Furthermore, the distribution of
patients above these thresholds vary across studies – in the majority, one-third or fewer
patients lie above these age cut-offs.(11)

In the current study, we report a detailed examination of a modern series including 219
patients with mRCC. The vast majority of patients in this cohort were treated with targeted
therapies. Acknowledging the median age of 65 for patients with RCC, we examined clinical
outcomes in several age-based cohorts, with particular attention to patients over the age of
75. The number of lines of therapy rendered and reasons for treatment discontinuation in
each age group were also the focus of study.

Methods
Patients

From an IRB-approved institutional database, a total of 562 patients were identified with a
diagnosis of RCC. Of these patients, a total of 219 patients were noted to have metastatic
disease. We collected extensive clinicopathologic data related to each patient, including age,
gender, tumor histology (clear cell, papillary, chromophobe, or other), sites of metastasis
(bone, brain, liver and lung), nephrectomy status, and the presence or absence of
sarcomatoid features. Furthermore, sufficient data was available to characterize the
Memorial Sloan-Kettering Cancer Center (MSKCC) Risk Score for each patient, a validated
prognostic tool for patients with mRCC based on 5 characteristics: (1) recurrence < 12
months after nephrectomy, (2) serum calcium > 10 mg/dL, (3) hemoglobin < lower limit of
normal, (4) lactate dehydrogenase > 1.5x upper limit of normal, and (5) Karnofsky
performance status < 80%.(2) Patients were characterized as good-, intermediate- or poor-
risk based on the presence of 0, 1–2, or ≥ 3 features, respectively.
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Collection of treatment-related data and clinical outcome
Survival was characterized as the time elapsed between the time of diagnosis with metastatic
disease and the time of death. Date of death was ascertained through use of an institutional
cancer registry, which regularly updates this data point using information from the Social
Security Death Index or information derived from patient medical records. The time of
diagnosis with metastatic disease was defined as the date of radiographic studies identifying
metastases. Treatment-related data was captured separately for each line of therapy. These
data included the specific type of treatment rendered, the date of treatment initiation, the
date of discontinuation, and (when available) the reason for discontinuation. Of note, a “line
of therapy” was regarded as a unique therapeutic agent used for mRCC (i.e., sunitinib, IL-2,
etc.), as opposed to a therapeutic drug class (i.e., immunotherapy, VEGF-TKI, mTOR
inhibitors, etc.). The reason for treatment discontinuation was delineated as follows: (1)
discontinuation following progression, (2) discontinuation due to toxicity, or (3)
discontinuation due to reasons other than progression or toxicity (i.e., patient preference).

Statistical Analysis
Patients were stratified into four subgroups based on age, as follows: (1) age < 55, (2) age
55–64, (3) age 65–74, and (4) age ≥ 75. Survival was characterized using the Kaplan-Meier
method, and the log-rank test was used to compare survival amongst (1) all four age-based
cohorts, and (2) age < 75 versus age ≥ 75. The average number of therapies rendered was
determined for each subgroup and compared using 1-way analysis of variance (ANOVA).
Descriptive statistics were used to express the reasons for treatment discontinuation,
represented in a cumulative fashion across age groups. The data analyses were performed
using SAS version 9.1.

Results
Patient Characteristics

Of 219 patients with documented mRCC, the majority of patients were male (72%) and the
median age of the cohort was 58 (range, 26–87). Seventy-nine patients (36.1%) were age <
55, 77 patients (35.2%) were age 55–64, 43 patients (19.6%) were age 65–74, and 20
patients (9.1%) were age ≥ 75. Clear cell histology was noted in 82% of patients, and
sarcomatoid features were present in approximately 14% of patients (a breakdown of
histology by age is provided in Table 1). Most patients in the overall cohort had received
prior nephrectomy (70.9%) and were characterized as having intermediate-risk disease
(53%) by MSKCC criteria. In contrast, relatively few patients (6.8%) were noted to be poor
risk.

Clinical Outcome
From the time of diagnosis with metastatic disease, median survival in the overall cohort
was 23.7 months. As noted in Figure 1a, based on the pre-specified distribution of age
groups, a significant difference in median survival was noted between groups (P=0.005 by
the log-rank test). As compared to the remainder of the cohort, median survival in patients
age ≥ 75 was significantly lower (12.5 months v 26.4 months; P=0.003 by the log-rank test;
Figure 1b). Median survival was 25.2 months in patients age < 55, 27.5 months in patients
age 55–64, and 23.7 in patients age 65–74.

Treatment-Related Data
As depicted in Figure 2a, patients age ≥ 75 received a mean of 0.45 lines of therapy
(standard error of the mean [SEM] 0.18) as compared to 1.57 therapies (SEM 0.14) in
patients under the age of 55, 1.32 therapies (SEM 0.14) in patients 55–64, and 1.5 therapies
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(SEM 0.22) in patients 65–74 (P=0.001). In a separate analysis (depicted in Figure 2b), we
censored patients who had received no prior therapy. In this analysis, the mean number of
therapies rendered was not significantly different across age groups (P=0.24), but was
numerically lower in patients age ≥ 75 (mean 1.5, SEM 0.34) as compared to patients age <
55 (mean 2.0, SEM 0.14), age 55–64 (mean 1.8, SEM 0.14), and age 65–74 (mean 2.2, SEM
0.24). As these data imply, with increasing age, an increasing proportion of patients received
no therapy. Specifically, 21% of patients under the age of 55, 26% of patients 55–64, 32%
of patients 65–74, and 70% of patients over age 75 had no systemic therapies recorded.

Data pertaining to reason for treatment discontinuation was recorded for a total of 271
distinct therapies rendered across all age groups. Less data was available for subjects in
increasing age cohorts, possibly reflecting (a) a smaller sample size in older age-based
cohorts and (b) fewer therapies rendered in older age-based cohorts, as noted previously. As
noted in Table 2, in comparison to younger patients, fewer patients age ≥ 75 discontinued
therapy as a consequence of progression and more patients discontinued therapy secondary
to toxicity.

Discussion
The International Society of Geriatric Oncology (SIOG) have issued treatment
recommendations for patients with mRCC.(12) Admittedly, these recommendations draw
from limited pools of prospective evidence and rely heavily on subset analyses. Age is
omitted from the standard prognostic schema used for patients with mRCC, such as the
Motzer criteria (developed in the era of cytokine therapy) or the more recent Heng criteria
(more applicable to patients receiving targeted therapies).(2, 13) In our series, median
survival patients age ≥ 75 with mRCC was statistically inferior to patients age < 75.
Although it is impossible to assign causality in a retrospective analysis such as this, our
results implicate the possibility that older adults receive fewer lines of systemic therapy.
Further, our data suggest that older adults may be more prone to discontinue therapy as a
consequence of toxicity as opposed to disease progression. These data underscore the need
to better understand both the safety and efficacy of targeted therapies in older patients.

Our effort to characterize clinical outcomes in older adults with mRCC is not the first. The
International mRCC Database Consortium (utilizing pooled data from 14 academic centers)
has previously reported survival data for 144 patients age ≥ 75, comparing these endpoints
to 1,241 patients age < 75.(14) Median survival in patients age ≥ 75 was 16.8 months, as
compared to 19.7 months in patients age < 75 (P=0.33). Although this difference was not
statistically significant, the overall trend was akin to what we observed in our study. The
study also reported a statistically insignificant decrease in response rate and length of
treatment duration in older adults, representing data not collected in our study. However,
individual patient-level data pertaining to lines of therapy and reasons for treatment
discontinuation were not reported. Furthermore, the study only included patients who
received 1st-line VEGF-directed therapy. As such, patients with a non-clear cell phenotype
(who may receive 1st-line therapy with agents such as temsirolimus) would likely be poorly
represented. Older adults may be more likely to have relative contraindications for VEGF-
directed treatments (described subsequently). As evidenced by our dataset, these patients
may be more likely to receive no treatment altogether – the International mRCC Database
Consortium experience does not account for these caveats.

There are several reasons to suspect that older adults may garner a different extent of benefit
from targeted agents. First, the biology of the disease is distinct – recent studies suggest that
von Hippel Lindau (VHL) gene mutations may be more frequent in older adults.(15)
Aberrations in VHL ultimately lead to dysregulation of VEGF-mediated signaling, driving
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tumor angiogenesis and growth.(16) Older adults may also more frequently possess clear
cell histology – notably, studies of VEGF-directed therapies have been largely restricted to
this subset of patients.(17–18) Beyond these biologic differences, physiologic differences
may challenge the receipt of targeted agents. Older adults may have decreased liver mass
and cytochrome P450 (CYP) enzyme content, challenging the administration of VEGF-
tyrosine kinase inhibitors (VEGF-TKIs) and mTOR inhibitors, which are largely
metabolized through CYP3A4.(19–20) The documented increase in co-morbidities amongst
older adults could also be problematic. For instance, treatment with bevacizumab is thought
to evoke a 5.28-fold increase in the rate of grade 3/4 hypertension.(21) Given the increased
frequency of baseline hypertension in older adults, these drugs would have to be used with
particular caution.(22)

In the pivotal phase III studies leading to the approval of the currently available VEGF- and
mTOR-directed therapies for mRCC, subset analyses have been conducted to ascertain the
relative benefit of these targeted agents. Several examples are provided in Table 3.
However, a cumulative interpretation of these results can be seen through the use of
different age-cutoffs in these subset analyses. For instance, the phase III TARGET study
comparing sorafenib and placebo assesses progression-free survival (PFS) in patients above
and below age 70, while the phase III AVOREN study comparing bevacizumab/IFN-α and
placebo/IFN-α explores the same endpoint in subgroups <40, 40–64, and ≥ 65.(23–24) This
harkens to the difficulty in characterizing the older adult – as opposed to a certain age
threshold that might to delineate the “elderly”, an array of features (such as cognitive
function, physical function, comorbidity, etc.) might better serve to characterize this group.
Tools such as the Comprehensive Geriatric Assessment (CGA) incorporate these diverse
features, and are being prospectively assessed in the setting of large cooperative group trials.
(25)

Several limitations to the current study should be acknowledged. First, the sample size was
relatively small, particularly with respect to the subset of interest (i.e., those patients age ≥
75). The results herein should be considered hypothesis generating, and provoke larger
efforts to explore outcomes in this population. Second, the retrospective methods utilized
herein pose a challenge in ascertaining complete data related to treatment. It is possible that
patients noted to have metastatic disease in our database received systemic therapies at other
institutions unbeknownst to the investigators. A surprisingly large proportion of patients
received no therapy (especially considering the relatively small proportion of patients in our
study with poor-risk disease); incomplete data could account for this observation. However,
there is little reason to surmise that the extent of data collection would vary across age-based
subgroups – thus, the trends observed (a lesser number of therapies rendered in older
patients) are likely accurate. A third limitation of our work is an inability to fully account for
confounders that may affect the utilization of treatments. We do not have data available
relative to comorbidity; certainly, this could have played a similarly important role in
defining mortality, and could have had a substantial effect on the number of lines of therapy
rendered and reasons for treatment discontinuation.

Despite these limitations, the current report represents a unique analysis of clinical outcome
in older adults with mRCC treated in the era of targeted therapy, distinguishing itself from
similar reports by additionally including (1) untreated patients and (2) patients who may
have received non-VEGF-directed treatments in the 1st-line setting. Our observation of
decreased survival in patients age ≥ 75 should serve as the rationale for larger multi-
institutional efforts exploring this phenomenon. Novel strategies of characterizing older
adults (such as the aforementioned CGA) may lead to a better understanding of patterns of
care in this population. Numerous recent studies have focused on differences in outcome
amongst older adults with non-metastatic RCC, highlighting the differential benefit of
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cytoreductive nephrectomy and nephron-sparing strategies in this setting.(26) Undoubtedly,
the treatment of metastatic disease in older adults warrants similar attention.
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Figure 1.
Figure 1a. Survival in patients with mRCC stratified into four age-based cohorts (P=0.005).
Figure 1b. Survival in patients with mRCC stratified above and below age 75 (P=0.003).
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Figure 2.
Figure 2a. Lines of therapy rendered by age (mean ± SEM), including patients who have
received no prior therapy (P=0.001).
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Figure 2b. Lines of therapy rendered by age (mean ± SEM), censored for patients who have
received no prior therapy (P=NS).
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Table 1

Clinicopathologic characteristics of patients with mRCC categorized by age.

Age < 55 Age 55–64 Age 65–74 Age ≥ 75

N 79 77 43 20

Gender

 Male 66 (84%) 55 (71%) 27 (63%) 12 (60%)

 Female 13 (16%) 22 (29%) 16 (37%) 8 (40%)

Histology*

 Clear cell 63 (80%) 67 (87%) 37 (86%) 15 (75%)

 Papillary 10 (13%) 7 (9%) 4 (9%) 4 (20%)

 Chromophobe 3 (4%) 0 (0%) 0 (0%) 0 (0%)

Sites of disease

 Bone 33 (42%) 34 (44%) 25 (58%) 8 (40%)

 Brain 6 (8%) 16 (21%) 7 (16%) 2 (10%)

 Liver 22 (28%) 22 (29%) 8 (19%) 4 (20%)

 Lung 56 (71%) 54 (70%) 35 (81%) 12 (60%)

Prior nephrectomy 55 (70%) 57 (74%) 29 (67%) 15 (75%)

MSKCC risk status

 Good 31 (39%) 33 (43%) 18 (42%) 5 (25%)

 Intermediate 39 (49%) 41 (53%) 25 (58%) 12(60%)

 Poor 9 (11%) 3 (4%) 0 (0%) 3 (15%)

Sarcomatoid features

 Present 15 (19%) 8 (10%) 5 (12%) 3 (15%)

 Absent 64 (81%) 69 (90%) 38 (88%) 17 (85%)

Receipt of systemic therapy

 Yes 62 (78%) 57 (74%) 30 (70%) 6 (30%)

 No 17 (22%) 20 (26%) 13 (30%) 14 (70%)

*
Histologic data was either unavailable or recorded as “other” for a total of 9 patients.
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Table 2

Reasons for treatment discontinuation. Within each age group, the reason for treatment discontinuation (when
available) was documented for each therapy rendered, and expressed as a percentage of the cumulative
number of therapies rendered for each age group.

Age <55 (N=79) Age 55–64 (N=77) Age 65–75 (N=43) Age ≥ 75 (N=20)

Number of lines of therapy rendered 109 95 58 9

Discontinuation of treatment due to progression or death 73 (67%) 61 (64%) 28 (48%) 3 (33%)

Discontinuation of treatment due to toxicities 17 (16%) 15 (16%) 14 (24%) 3 (33%)

Discontinuation of treatment for other reasons (i.e.,
patient preference)

19 (17%) 19 (20%) 16 (28%) 3 (33%)
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Table 3

Subset analyses of progression-free survival (PFS) benefit by age in several pivotal phase III studies including
patients with mRCC.

Experimental arm Control arm Age Group HR*

TARGET(24) Sorafenib Placebo
< 70 0.55

≥ 70 0.43

VEGF105192(9) Pazopanib Placebo
< 65 0.41

≥ 65 0.52

RECORD-1(8) Everolimus Placebo
< 65 0.33

≥ 65 0.19

*
The hazard ration (HR) expressed refers to the relative PFS benefit of the experimental arm relative to the control arm.
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