Original Article Page 1 of 7

Survival outcomes for advanced kidney cancer patients in the era
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Background: Advanced renal cell carcinoma (RCC) results in over 14,000 deaths each year in the United
States alone. The therapeutic landscape for advanced RCC changed dramatically with the approval of
tyrosine kinase inhibitors (TKI) between 2006 and 2012. A large-scale analysis of survival trends has not
been performed in the TKI era to determine their impact on outcomes for advanced RCC patients.
Methods: The Surveillance, Epidemiology and End-Results (SEER) database was queried for adult patients
with advanced RCC diagnosed between 2000 and 2013. Patients were divided into two cohorts based on the
year of diagnosis—pre-TKI cohort [2000-2006] and TKI cohort [2007-2013]. Kaplan-Meier survival and
multivariate Cox proportional hazards analyses were performed.

Results: A total of 14,976 patients were included in our study. Median age at diagnosis was 64 years (range,
18-89 years). Median (cancer-specific) overall survival was 10.0 months in the TKI cohort compared with
8.0 months in the pre-TKI cohort, corresponding to a 13% improvement in survival in the TKI area
[hazard ratio (HR) for death 0.87; 95% confidence interval (CI), 0.84-0.91, P<0.0001]. Median survival was
improved by 2 months for patients with clear-cell RCC histology [HR for death 0.86; 95% CI, 0.84-0.91,
P<0.0001]. Patients with non-clear cell RCC had a 25% higher risk of mortality compared with those with
clear-cell RCC. Additionally, median survival for non-clear cell RCC patients was not statistically different
between the two cohorts (HR for death 0.98; 95% CI, 0.88-1.09, P=0.714). Subgroup analysis showed that
elderly patients (age 71 years and above) had a 45% higher risk of death from advanced RCC compared with
young patients (aged 18-50 years) [HR for death 1.45; 95% CI, 1.36-1.54, P<0.0001]. Gender and racial
disparities in outcomes were also noted with women having a 10% higher risk of death compared with men
(HR for death 1.10; 95% CI, 1.06-1.14, P<0.001) and Black patients having a 15% higher risk of death
compared with White patients (HR for death 1.15; 95% CI, 1.08-1.23, P<0.0001).

Conclusions: Our study provides a largest registry-based analysis of survival outcomes in the TKI era.
In majority of patients, the survival has improved significantly with the advent of TKIs as standard of care
therapy. Survival for patients with non-clear cell RCC is clearly worse than clear-cell RCC and does not
appear to have changed with TKIs. Elderly patients, women, and Black patients appear to have worse

outcomes and these disparities merit further investigation.
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Introduction

Renal cell carcinoma (RCC) is the eighth most common
malignancy in the United States, and advanced disease
causes over 14,000 deaths each year. Approximately 16%
of patients present with distant (metastatic) disease, and
S-year cancer-specific survival for these patients remains
dismal at 11.2% (1-3). Clear-cell RCC is the most common
histological subtype of RCC, found in approximately 75%
of cases (3-5).

Between 2005 and 2012, several new agents targeting
growth factor receptors on renal cancer cells—tyrosine
kinase inhibitors (T KIs)—were approved by the US Food
and Drug Administration (FDA) for use in metastatic RCC
(6-8). These therapies dramatically altered the therapeutic
landscape for RCC beginning in 2006.

While each of these TKIs have individually been shown
to improve outcomes in metastatic RCC (9,10), their impact
as a whole remains to be determined. Also, because most of
the targeted therapies were tested in patients with clear-cell
RCC, the therapeutic efficacy of TKIs in patients with non-
clear cell histologies of RCC remains unclear.

Racial disparities in survival have been reported in
several cancers (11-13). Black patients with RCC have been
shown to have poorer outcomes compared with White
patients regardless of the stage at presentation. Socio-
economic factors and differences in prevalence of various
histologies have been proposed as some of the reasons for
these observations (12,14). These disparities, however, have
not been well-studied for patients with metastatic RCC in
the era of TKIs.

Methods

The National Cancer Institute’s Surveillance, Epidemiology
and End-Results (SEER) database was queried for
patients aged 18 years and older who were diagnosed with
advanced (distant stage) RCC between January 1, 2000 and
December 31, 2013 in the eighteen SEER registries (15).
Analyses were restricted to histologically confirmed cases
with available follow-up data. Patients diagnosed on or after
January 1, 2014 were excluded due to non-availability of
survival data.

The study period was divided into two 7-year intervals:
2000-2006 (the pre-TKI cohort) and 2007-2013 (the
TKI cohort) based on the general consensus on 2007 as
the year when TKIs started being commonly used in the
US Data-retrieval for final analyses was performed in
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January 2017.

Statistical methods

Variables used for stratification included patient’s age at
diagnosis, gender, race, histology, residence in metropolitan
area, and socio-economic status (as defined by completion
of high-school education). Age at diagnosis was divided
into three categories (18-50, 51-70, and 71 years and older)
based on known age distribution of the disease (1). Race
was divided into (non-Hispanic) White, Black, and others
(including Native American, Asian American, and Hispanic
Whites).

The six most common RCC histologies were included:
clear cell, papillary, medullary, chromophobe, cyst-
associated and sarcomatoid. Because of their significantly
lower prevalence, the last five of these histologies were

4

grouped into “non-clear cell histology” category for
analysis. Any cases with non-standardized or mixed
diagnoses codes (e.g., malignant renal neoplasm, clear cell
with papillary features) were excluded from analyses.

Survival analyses including the 1, 2, and 3 years, and
median (cancer-specific) survival were performed using
the Kaplan-Meier method. Differences in cancer-specific
survival by time period were assessed with the Log-Rank
test. Multivariate Cox proportional hazards model was used
for estimating hazard ratios (HR) for death and performing
univariate and multivariate analyses. SAS statistical software
package version 9.2 (°SAS Institute, Inc.) was used for all
analyses.

Results

A total of 15,015 patients with a new diagnosis of metastatic
RCC were identified in the SEER database between
2000 and 2013, of which 14,976 patients met criteria
for inclusion in the study. Median age at diagnosis was
64 years (range, 18-89 years). Demographic characteristics
were balanced among the two cohorts (Table 1).

Cancer-specific survival

Median survival was 10.0 months in the TKI cohort
compared with 8.0 months in the pre-TKI cohort,
corresponding to a 13% improvement in survival in the
TKI area [adjusted HR 0.87; 95% confidence interval (CI),
0.84-0.91, P<0.0001]. One-, 2-, and 3-year survival were
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Table 1 Baseline characteristics of patient population
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Time period of diagnosis

Characteristic Category
2000-2006, n (%) 2007-2013, n (%)
Age at diagnosis (years) 18-50 1,100 (15.97) 1,186 (14.66)
51-70 3,872 (56.21) 4,712 (58.26)
71+ 1,916 (27.82) 2,190 (27.08)
Sex Male 4,675 (67.87) 5,578 (68.97)
Female 2,213 (32.13) 2,510 (31.03)
Race White 5,817 (84.45) 6,707 (82.93)
Black 680 (9.87) 790 (9.77)
Other 391 (5.68) 591 (7.31)
Histology categories Clear cell 6,161 (89.45) 7,108 (87.88)
Papillary 219 (3.18) 385 (4.76)
Chromophobe 60 (0.87) 68 (0.84)
Sarcomatoid 440 (6.39) 526 (6.50)
Cyst-associated 8(0.12) 1(0.01)

Place of residence Metropolitan
Non-metropolitan

Percent with less than high Q1: 00.94-10.58

school education (quartiles) (%) Q2: 10.59-15.55
Q3: 15.56-25.75

Q4:25.76-77.16

5,918 (85.92) 6,935 (85.74)

970 (14.08) 1,153 (14.26)
1,973 (28.64) 2,206 (27.27)
1,585 (23.01) 1,731 (21.40))
1,720 (24.97) 2,027 (25.06)

1,610 (23.37) 2,124 (26.26)

better in the TKI cohort compared with pre-TKI cohort
(Figure I).

Survival by bistology

For patients with clear-cell RCC, the median survival
was 10.0 months in the TKI cohort compared with
8.0 months in the pre-TKI cohort, corresponding to a 14%
improvement in survival in the TKI (HR for death 0.86;
95% CI, 0.84-0.91, P<0.0001) (Figure 2).

For those with non-clear cell RCC, the median survival
was 7.0 months in both cohorts, a statistically insignificant
difference (HR for death 0.98; 95% CI, 0.88-1.09, P=0.714)
(Figure 3).

Thus, patients with non-clear cell RCC had a 25%
higher risk of mortality compared with those with clear-cell
RCC (HR for death 1.25; 95% CI, 1.17-1.32, P<0.0001).
This difference persisted despite adjustment for the year of
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diagnosis, suggesting that patients diagnosed in the TKI era
continue to have poorer outcomes.

Survival by age at diagnosis

Median survival improved across all ages in the TKI cohort.
For young patients (ages, 18 to 50 years), the median
survival was 13.0 months in TKI cohort compared with
8.0 months in pre-TKI cohort (P<0.0001) in the TKI
cohort. For middle-aged patients (ages, 51-70 years),
median survival was 11.0 months in the TKI cohort and
9.0 months in pre-TKI cohort (P<0.0001). For elderly
patients (ages 71 and above), median survival was
6.0 months in the TKI cohort and 5.0 months in pre-TKI
cohort (P=0.002).

Additionally, compared with young patients, middle-aged
patients had a 7% higher risk of death from advanced RCC
(HR for death 1.07; 95% CI, 1.02-1.13, P=0.013). Elderly
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Figure 1 Cancer-specific survival (all histologies). Kaplan-Meier curves for the (cancer-specific) survival for all histologies of renal cell

carcinoma. Pre-TKI cohort is represented by the black line and the TKI cohort by the red line. TKI, tyrosine kinase inhibitor; CI,

confidence interval; HR, hazard ratio.
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Figure 2 Cancer-specific survival (clear-cell histology). Kaplan-Meier curves for the (cancer-specific) survival for patients with clear-cell

renal cell carcinoma. Pre-TKI cohort is represented by the black line and the TKI cohort by the red line. TKI, tyrosine kinase inhibitor; CI,

confidence interval; HR, hazard ratio.

patients fared much worse, with a 45% higher risk of death
from advanced RCC compared with young patients (HR for
death 1.45; 95% CI, 1.36-1.54, P<0.0001).

Survival by gender

For males, the median survival was 10.0 months in TKI
cohort and 8.0 months in the pre-TKI cohort (P<0.0001).
For females, the median survival was 9.0 months in TKI
cohort and 7.0 months in pre-TKI cohort (P<0.0001).
Women were found to have a 10% higher risk of death
from advanced RCC compared with males (HR for death
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1.10; 95% CI, 1.06-1.14, P<0.001) despite adjustment for
covariates including year of diagnosis (i.e., in both pre-TKI
and TKI cohorts) and histology of RCC.

Survival by race

In White patients, the median survival was 13.0 months in
TKI cohort and 8.0 months in pre-TKI cohort (P<0.0001).
For Black patients, median survival was 7.0 months in TKI
cohort and 6.0 months in pre-TKI cohort, a difference that
was statistically non-significant (P=0.349).

Furthermore, compared with White patients, Black
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Figure 3 Cancer-specific survival (non-clear cell histology). Kaplan-Meier curves for the (cancer-specific) survival for patients with non-

clear cell renal cell carcinoma. Pre-TKI cohort is represented by the black line and the TKI cohort by the red line. TKI, tyrosine kinase

inhibitor; CI, confidence interval; HR, hazard ratio.

Table 2 Survival characteristics based on the socio-economic status

Pre-TKI cohort (2000-2006) TKI cohort (2007-2013) Adjusted HR

Socio-economic : : : :
status (quartile) Median survival 95% Cl Median survival 95% Cl HR 95% Gl p

(months) (months)
Top (first) 8.0 8.0-9.0 10.0 10.0-12.0 1.00 Reference -
Second 8.0 7.0-9.0 9.0 8.0-11.0 1.04 0.98-1.10 0.129
Third 7.0 7.0-8.0 10.0 9.0-11.0 1.07 1.01-1.13 0.025
Bottom (fourth) 7.0 6.0-8.0 9.0 8.0-10.0 1.08 1.02-1.14 0.004

HR, hazard ratio; Cl, confidence interval; TKI, tyrosine kinase inhibitor.

patients had approximately 15% higher risk of death from
advanced RCC (unadjusted HR for death 1.19; 95% CI,
1.08-1.18, P<0.0001). This difference persisted despite
adjustment for covariates including age, gender, histology,
and socio-economic status (adjusted HR for death 1.15;
95% CI, 1.08-1.23, P<0.0001).

Survival by location

Improvement in survival was noted for patients residing
in metropolitan and non-metropolitan areas. For patients
residing in a metropolitan area, the median survival was
10.0 months in TKI cohort compared with 8.0 months in
pre-TKI cohort (P<0.0001). For patients residing in a non-
metropolitan area, the median survival was 9.0 months in
TKI cohort compared with 8.0 months (95% CI, 7.0-9.0)
in pre-TKI cohort (P=0.022).

© Annals of Translational Medicine. All rights reserved.

No significant differences in survival were noted between

patients living in metropolitan versus non-metropolitan
areas (HR for death 1.00; 95% CI, 0.95-1.06, P=0.899).

Survival by socio-economic status (SES)

Compared with the patients in highest (first) quartile,
patients in the third and fourth quartile (signifying a lower
SES) had about 8% higher likelihood of mortality from
RCC (HR for death 1.08; 95% CI, 1.02-1.14, P=0.004)
(Table 2).

Discussion

Our study provides a detailed insight into the survival
outcomes in the TKI era for patients with advanced RCC
in the United States. We are pleased to report that the
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cancer-specific survival has improved significantly in the
TKI era, and this difference appears to be primarily driven
by patients with clear-cell histology. However, the survival
does not appear to have improved for patients with non-
clear cell histologies. Difference in disease biology may
provide a sufficient explanation, but the extent to which the
patients with non-clear cell histologies were offered TKI
remains unknown.

We also found a significantly higher risk of death in
elderly patients, which persisted despite adjustment for
covariates. This stark difference in the risk of death was
also similar in pre-TKI and TKI cohorts, suggesting
that receipt of TKI is very unlikely to solely explain the
poorer survival of elderly patients with RCC. Ultimately
however, it is very likely that a combination of multiple
factors including comorbidities, disease biology, functional
reserve, psychosocial factors, and treatment receipt and
tolerance (especially for second line therapy) contributed
to the noted difference in outcomes (16). A SEER-
Medicare or payer-database analysis may help validate our
findings by resolving the impact of receipt of therapy as a
potential confounder.

A surprising finding was a 10% higher rate of mortality
in females compared with males. This could represent a
statistically significant albeit clinically insignificant finding.
However, gender-specific differences in outcomes have not
received much attention in RCC, and the cause of these
differences merits further investigation.

Our study also reaffirmed the reported racial disparities
in patients with RCC. Socio-economic disparity and a
higher prevalence of papillary histology had been proposed
as possible reasons for this disparity (12,14,17-19). Thus,
additional research is warranted to confirm our findings
and inform policies to help decrease racial disparities in
outcomes.

Limitations

Our study shares its limitations with other large population
database-based studies. These include potential errors
stemming from inadequate quality control of collected
data—for example, a significant number of patients with
incorrect or mixed diagnoses codes were excluded from our
study, which may have adversely affected some estimates for
non-clear cell RCC histologies. Due to lack of correlative
clinical data, several known and some potentially unknown
confounders (e.g., nephrectomy status, IMDC risk-
stratification, the location and total burden of metastatic

© Annals of Translational Medicine. All rights reserved.

Rao et al. Advanced kidney cancer survival in the era of targeted therapies

disease, and comorbidities) could have biased the analyses.
Finally, we were unable to analyze actual TKI use, which
could have helped identify potential reasons for poorer
outcomes.

Conclusions

Our study clearly demonstrates the improvement in survival
for patients with advanced RCC in the TKI era. This
improvement appears to be primarily driven by patients
with the clear cell histologic subtype of RCC. This finding
lends additional support to the belief of genitourinary
medical oncology community that effective therapies
specifically for patients with non-clear histologies are
urgently needed. Our group is planning a SEER-Medicare
analysis to evaluate the cause(s) behind the starkly inferior
outcomes in elderly patients with advanced RCC. Finally,
the gender and race-based disparities noted in our study
warrant further investigation.
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