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Abstract
Several new agents have become available to treat renal cell can-
cer (RCC) in recent years, although evidence on their dissemination 
is limited. This study examined recent trends in RCC treatment in 
US community practices. Data from the population-based National 
Cancer Institute’s Patterns of Care studies were used to evaluate 
treatment of patients with RCC newly diagnosed in 2004 and 2009 
(N=2357). Descriptive statistics and logistic and Cox proportional 
hazards regression analyses were used to assess treatment pat-
terns and the associations among demographic, clinical, and hos-
pital characteristics, with receipt of systemic therapy and time-to-
systemic treatment. Between 2004 and 2009, systemic therapy use 
increased among patients with stage III and IV RCC, from 3.8% to 
15.7% and 35.2% to 57.4%, respectively. Among patients with stage 
IV disease, the most commonly used therapies changed from inter-
leukin-2 (16.3%) and interferon-alfa (16.6%) in 2004 to sunitinib 
(39.2%) and temsirolimus (15.2%) in 2009. Further, notable decreas-
es were seen in the use of surgery and time-to-systemic treatment 
for patients with stage IV disease. Patients who were older, living 
in areas with lower educational attainment, and diagnosed in 2004 
were significantly less likely to receive systemic therapy and had lon-
ger time-to-systemic treatment (P<.05). The findings indicate that 
over the past decade, treatment for RCC in the United States has 
evolved toward increased use of systemic therapy. As the diffusion 
of new therapies continues, it will be imperative to understand how 
variation in care for RCC will impact health outcomes and costs of 
care. (J Natl Compr Canc Netw 2014;12:1271–1279)

In 2013, approximately 65,150 individuals in the Unit-
ed States were diagnosed with renal cell cancer (RCC).1 
Most (>60%) will have localized disease at diagnosis, al-
though recurrences will develop in approximately 40% 
of patients initially treated for localized disease, and 
nearly 30% will be diagnosed with metastatic disease.2 

While surgery remains the primary treatment for 
localized RCC,3 treatment options for metastatic RCC 
have changed markedly in the past decade. Before 2005, 
interferon alfa (IFN-α) and interleukin (IL)-2 com-
prised the available systemic treatment options. Since 
then, 7 new agents have been approved by the FDA for 
treatment of RCC: sorafenib, sunitinib, temsirolimus, 
bevacizumab, everolimus, pazopanib, and axitinib.4,5 
In view of these developments, the current analysis of 
RCC treatment was conducted, building on a previous  
study in adults diagnosed with RCC.6 Using a popula-
tion-based sample of patients in the United States, the 
trends in treatment of RCC in community practice were 
examined, focusing on systemic therapy. 

Patients and Methods

Data Source and Study Sample

NCI Patterns of Care Data: The NCI SEER program 
collects information on all cancer diagnoses in defined 
geographic regions. Currently, SEER covers approxi-
mately 28% of the US population.7 Information for 
each patient in SEER is primarily obtained from hos-
pital records and includes tumor characteristics, treat-
ment, and select demographic characteristics. Given 
that systemic therapies are primarily provided in out-
patient settings, these data are underreported in SEER. 
To obtain therapy information that is not well-collected 
by routine SEER activities, NCI annually conducts Pat-
terns of Care/Quality of Care studies on select cancer 
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sites. Each SEER registry obtains approval, as nec-
essary, from their Institutional Review Board before 
study initiation.

After undergoing training, abstractors from the 
14 participating SEER registries (the metropolitan 
areas of San Francisco/Oakland, Detroit, Seattle, 
Atlanta, San Jose/Monterey, and Los Angeles Coun-
ty; the states of Connecticut, Iowa, Kentucky, Loui-
siana, New Jersey, New Mexico, and Utah; and the 
remainder of California) reabstracted the hospital 
records of sample patients to verify tumor character-
istics and demographic information. Each patient’s 
physician was asked to verify treatments with radia-
tion, chemotherapy, or immunotherapy; use of novel 
agents; and whether the patient participated in a 
clinical trial. For quality control purposes, 5% of pa-
tients had their records reabstracted.
Sample: The study sample included 2357 patients 
diagnosed with RCC (International Classification of 
Diseases, Oncology, 3rd revision [ICD-O-3] site code 
C64.9 and histology codes M-9590 to M-99989) 
in 2004 and 2009. Patients previously diagnosed 
with another cancer, diagnosed only at autopsy or 
on death certificate, or who were younger than 20 
years were ineligible for the study. Eligible patients 
were stratified by registry, sex, race/ethnicity, and 
disease stage (2009 only), and randomly sampled 
within strata. Women, non-Hispanic blacks, Asian/
Pacific Islanders, Hispanics, American Indians, and 
Alaskan natives were oversampled to obtain more 
stable estimates for these groups. In 2009, patients 
with stage IV disease were oversampled. Sampling 
fractions were used to calculate weighted percent-
ages that reflect the SEER populations from which 
the data were obtained. 

Measures and Statistical Analyses 
Patient characteristics included age at diagnosis, sex, 
race/ethnicity, marital status, insurance status, geo-
graphic region, and Census tract median household 
income and percent of individuals with less than a 
high school education. Clinical information includ-
ed AJCC 6th edition tumor stage, tumor size, num-
ber of lymph nodes examined, number of positive 
lymph nodes, cell type, histologic grade, Charlson 
comorbidity score, primary site surgery, therapeu-
tic agents, and clinical trial participation. Hospital 
characteristics included number of beds, ownership 
type, and residency training program. 

Time-to-systemic treatment was defined as the 
number of days between (1) diagnosis and systemic 
therapy, for patients who did not receive cancer-di-
rected surgery, and (2) surgery and systemic therapy, 
for patients who underwent surgery before receiving 
systemic therapy. Censoring events included date of 
last follow-up, date of death, or December 31, 2005 
and December 31, 2010 (study cutoff dates for pa-
tients diagnosed in 2004 and 2009, respectively). 
Because SEER registries collect month and year of 
diagnosis, but not the day of diagnosis, the authors 
assumed that all patients were diagnosed on the first 
day of the month. The authors also assumed that all 
patients were followed through the last day of the 
month and, for all other events (date of surgery, date 
of systemic therapy), patients for whom data on the 
day of the event were missing, they assumed that pa-
tients experienced the event on the last day of the 
month (n=72). Cancer-directed surgery (eg, radical 
nephrectomy, complete/total/simple nephrectomy, 
partial/subtotal nephrectomy, or kidney resection 
with other organ resection) before systemic treat-
ment, among patients who received systemic thera-
py, was categorized into a binary variable.
Statistical Analyses: All descriptive information is 
presented as the total counts and weighted percent-
ages. Patient, clinical, and hospital characteristics 
were compared, by year of diagnosis, using Pearson’s 
chi-square test.

Evaluation of systemic therapy was conducted to 
assess the proportion of patients who received therapy 
within 12 months after diagnosis. Regression analysis 
was limited to patients with stage IV disease, for whom 
the NCCN Clinical Practice Guidelines in Oncology 
for Kidney Cancer recommend systemic therapy (to 
view the most recent version of these guidelines, visit 
NCCN.org).8 Among patients with stage IV disease 
who received systemic therapy, the authors measured 
(1) the type of systemic agent received and (2) the 
proportion of patients who received any surgery before 
systemic therapy treatment. Pearson’s chi-square test 
was used to estimate differences between outcomes by 
year of diagnosis. In addition, logistic regression was 
used to evaluate the association between year of diag-
nosis and patient, clinical, and hospital characteristics 
and receipt of any systemic therapy within 12 months. 

For time-to-systemic treatment analyses, Ka-
plan-Meier graphs were generated and Cox pro-
portional hazards regression was used to assess the 
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association between year of diagnosis and patient, 
clinical, and hospital characteristics and time-to-
systemic treatment. The log-rank test was performed 
to test the equality of Kaplan-Meier failure curves by 
year of diagnosis. For the Cox regression analysis, a 
lower hazard ratio (HR; <1.0) reflects longer time to 
receipt of systemic therapy. Patients with missing in-
formation on month or year of systemic therapy were 
excluded from the time-to-treatment analysis only 
(n=84). Because the evaluation of time-to-systemic 
treatment reflects any changes in patterns of surgery 
between 2004 and 2009, sensitivity analyses were 
also conducted, wherein the authors stratified the 
time-to-systemic treatment analysis for patients who 
received surgery within 12 months postdiagnosis 
(n=290) and those did not receive surgery (n=348).

Patient, clinical, and hospital characteristics 
with a statistically significant association with the 
dependent variable at a P value less than .20 in bi-
variate analyses were retained in the multivariate 
regression models. Because of collinearity between 
Census tract estimates of median household income 
and percent of individuals with less than a high 
school education (correlation coefficient, 0.76), and 
a nonsignificant difference in median household 
income by year of diagnosis, the authors excluded 
income from the multivariate models. Charlson co-
morbidity score and SEER registry were included in 
all multivariate models. All tests of significance were 
2-sided. Stata/SE 11.0 (StataCorp LP, College Sta-
tion, TX) statistical software was used to incorporate 
sample weights in all analyses.

Results
Most patients, in both study years, were aged 50 
to 69 years, married, had private insurance, and a 
Charlson comorbidity score of zero (Table 1); how-
ever, compared with patients diagnosed in 2004, a 
significantly lower proportion of patients in 2009 
were female, non-Hispanic white, and resided in an 
area with higher educational attainment (P<.05). 
Further, although patients with stage IV disease were 
oversampled in 2009, the weighted distribution of 
disease stage differed significantly between study 
years (P<.01) because patients diagnosed in 2009 
had a greater proportion of stage I (61.1%) and stage 
IV (15.3%) RCC compared with 56.4% and 14.4%, 
respectively, in 2004.

From 2004 to 2009, there were substantial 
changes in the patterns of systemic therapy use 
among patients with stage III and IV RCC, with re-
ceipt of any systemic therapy in the first 12 months 
after diagnosis increasing from 3.8% to 15.7% among 
patients with stage III RCC (P<.01) and 35.2% to 
57.4% among patients with stage IV RCC (P=.02; 
Figure 1). Among patients with stage IV disease 
who received systemic therapy within the first 12 
months, a significantly smaller proportion of those 
diagnosed in 2009 received surgery before systemic 
therapy (49.7%) compared with patients diagnosed 
in 2004 (74.8%; P<.01; data not shown). Approxi-
mately 83% (n=40) of patients with stage III disease 
underwent surgery before receipt of systemic therapy, 
among whom nearly half (n=22) received systemic 
therapy within 12 weeks of surgery (data not shown). 
Among patients who received systemic therapy 
within 12 months postdiagnosis, 18.5% of patients 
with stage III disease and 9.1% of patients with stage 
IV disease participated in a clinical trial. 

As shown in Table 2, the type of systemic agents 
received by patients with stage IV disease also 
changed markedly between 2004 and 2009. Use of 
IFN and IL-2, the systemic agents most commonly 
received by patients in 2004, significantly decreased 
from 16.6% to 3.0% (P=.04) and 16.3% to 2.2% 
(P<.01), respectively, by 2009. Sunitinib use signifi-
cantly increased from 1.6% to 39.2% (P<.01) over 
the same period. Temsirolimus, approved by the 
FDA in 2007, was the second most commonly used 
systemic agent by 2009 (15.2%). 

Figure 2 shows the Kaplan-Meier plot of time-
to-systemic treatment, in days, by year of diagnosis. 
Patients with stage IV disease diagnosed in 2009 re-
ceived systemic therapy sooner than those diagnosed 
in 2004. The median time-to-systemic treatment 
was approximately 93 days for patients diagnosed in 
2009. Because less than 50% of patients diagnosed 
in 2004 received systemic therapy, we do not report 
median time-to-systemic treatment. Among patients 
with stage IV disease who received systemic therapy, 
the mean time-to-systemic treatment was 85.58 days 
(95% CI, 69.23, 101.94) and 68.63 days (95% CI, 
57.86, 79.39) for patients diagnosed in 2004 and 
2009, respectively (data not shown). 

In multivariate analysis, patients diagnosed in 
2009 were significantly more likely to receive sys-
temic therapy than those diagnosed in 2004 (odds 
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Table 1  Characteristics of Patients by Year of Diagnosis
2004 

N=1263 
n (weighted %)

 2009 
N=1094 

n (weighted %) P Value
Sociodemographic Characteristics
Age at diagnosis, y

<50
50–59
60–69
70–79
≥80

291 (20.9)
337 (25.7)
321 (25.6)
236 (19.9)

78 (7.9)

213 (16.0)
283 (25.9)
337 (34.3)
200 (17.1)
61 (6.7)

.28

Sex
Female
Male

583 (37.6)
680 (62.4)

469 (36.2)
625 (63.8)

<.01

Race/ethnicity
Asian, non-Hispanic
Black, non-Hispanic
Hispanic
White, non-Hispanic
Other

200 (4.4)
305 (9.7)
242 (12.5)
496 (72.8)

20 (0.5)

152 (5.2)
237 (10.5)
226 (14.8)
446 (68.8)
33 (0.6)

<.01

Health insurance coveragea

Private
Public only
Uninsured
Unknown

865 (77.9)
311 (19.4)

55 (2.7)
32 (3.3)

750 (77.2)
276 (19.9)
62 (2.9)
6 (0.2)

.96

Marital status
Married/living with partner
Other/unknown

763 (63.8)
500 (36.2)

610 (54.2)
484 (45.8)

.07

Median household incomeb (quartile)
<$41,269
$41,269–$53,057
$53,058–$67,442
≥$67,443

409 (26.0)
308 (22.5)
244 (23.0)
301 (28.5)

337 (22.8)
244 (28.4)
247 (26.7)
264 (22.1)

.33

High school educationb (quartile)
<73.38%
73.38%–84.21%
84.22%–89.61%
≥89.62%

435 (28.0)
283 (20.4)
222 (20.9)
321 (30.6)

347 (21.8)
283 (28.8)
221 (28.9)
241 (20.5)

.01

Clinical Characteristics
Charlson comorbidity score

0
1+

839 (67.0)
424 (33.0)

683 (63.3)
411 (36.6)

.40

Tumor stage
I
II
III
IV
Missing/unknown

688 (56.4)
137 (9.5)
179 (14.6)
194 (14.4)

65 (5.1)

185 (61.1)
167 (9.2)
275 (14.3)
467 (15.3)

0 (0)

<.01

Histology
Clear cell/renal cell NOS
Papillary
Chromophobe
Sarcomatoid
Other

929 (73.3)
125 (9.2)

61 (4.9)
24 (0.9)

124 (11.7)

825 (78.9)
80 (11.1)
42 (3.8)
37 (1.2)

110 (5.0)

.03

Hospital Characteristics 
Individual-level:
No. hospital beds

<300/OPD/unknown
300–499
≥500

505 (45.5)
487 (34.4)
271 (20.0)

415 (42.9)
367 (31.4)
312 (25.7)

0.44

Hospital ownership
Government
Non-profit
For-profit
Missing/unknown

277 (20.6)
873 (70.1)
97 (8.1)
16 (1.1)

260 (17.2)
740 (73.8)
89 (6.7)
5 (2.2)

0.31

Hospital residency training 
Yes
No/unknown

747 (54.4)
516 (45.6)

685 (58.7)
409 (41.3)

0.37 

Data for 2004 are weighted to SEER 2006; data for 2009 are weighted to SEER 2011. 
Abbreviations: NOS, not otherwise specified; OPD, outpatient department. 
aP values are based on participants with nonmissing values. 
bQuartiles for household income and high school education were based on the distribution of variables in the entire study population. Proportions 
may not add to 100% because of rounding. P values are based on Pearson’s chi-square tests. 
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ratio, 3.62; 95% CI, 1.91, 6.87; Table 3). Patients 
who were younger and lived in areas with higher edu-
cational attainment had significantly higher odds of 
receiving systemic therapy than those who were older 
and lived in areas with lower educational attainment 
(P<.05). In this multivariate analysis of time-to-sys-
temic treatment, patients diagnosed in 2009 (HR, 
2.60; 95% CI, 1.69, 4.03), younger patients, and those 
residing in areas with higher levels of education had a 
shorter time-to-systemic treatment (P<.05). 

In sensitivity analyses to assess the potential 
impact of trends in surgery on the time-to-systemic 
treatment analyses, the authors found that diagnosis 
in 2009 was associated with shorter time-to-systemic 
treatment for patients with stage IV disease who did 
and did not receive any surgery within 12 months 
postdiagnosis (HR, 3.87; 95% CI, 1.90, 7.92; and 
HR, 1.97; 95%CI, 0.94, 4.13, respectively; Table 4).

Discussion
Findings from this population-based study of patients 
with RCC in the United States highlight consider-
able changes in treatment patterns over time. Rapid 
diffusion of systemic treatments occurred after FDA 
approval of 7 new therapies between 2004 and 2009 
for treatment of advanced RCC. Among patients with 
stage IV RCC, receipt of systemic therapy increased by 
63% from 2004 to 2009, and significant decreases in 
both use of surgery before receipt of systemic treatment 
and time-to-systemic treatment are notable.

Although previous studies have examined pat-
terns of care among patients with RCC who received 
specific targeted therapies,9–12 the authors believe 
theirs is the most comprehensive study examining 
systemic RCC treatment trends over time. They 
found a substantial increase in the use of systemic 
therapy for patients with stage IV RCC, from 35.7% 
in 2004 to 58.3% in 2009 (P<.001). Somewhat sur-
prising, though, is the finding that nearly 40% of 
these patients did not receive any systemic therapy 
in 2009. However, it is possible that some of these 
stage IV patients started systemic treatment only 
after manifesting distant metastatic relapse, having 
nonmetastatic stage IV disease at diagnosis. 

In the current study, sunitinib was the most com-
monly used systemic treatment for patients with stage 
IV RCC in 2009. This finding is consistent with that 
in a recent study by Hess et al12 reporting that suni-

tinib was the most frequent first-line therapy among 
273 patients with metastatic RCC. The present re-
sults indicate that use of both IL-2 and IFN decreased 
markedly between 2004 and 2009, each from approxi-
mately 16% to 2% of patients receiving systemic ther-
apy. Toxicity profiles demonstrated clinical efficacy 
and ease of administration of the newer agents likely 
explain these trends.13–15 Interestingly, formal FDA 
approval of IFN (in combination with bevacizumab) 
did not occur until 2009, although it has been used 
since the early 1990s in RCC treatment.16 Of the 8 
commonly used FDA-approved agents (Table 2), 7 
were approved since 2005. With mounting evidence 
of improved efficacy for many of these novel therapies 
(ie, temsirolimus, everolimus, pazopanib),17–19 it will 
be important to further monitor trends in their use. 

Notably, the proportion of patients with stage 
III RCC receiving systemic therapy increased from 
3.8% to 15.7% between 2004 and 2009, although 
the percentage of these patients participating in 
clinical trials was similar in both years (16% and 
19%, respectively). It is possible that some of these 
patients received systemic treatment only after 
they manifested metastatic disease. Most patients 
with stage III disease underwent surgery before sys-
temic treatment. The largest adjuvant treatment 
trial in patients with RCC in the United States, 
ASSURE (E2805; ClinicalTrials.gov identifier: 
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Figure 1  Percentage of patients with renal cell cancer who received 
systemic therapy within 12 months of diagnosis by stage and year 
of diagnosis. P values based on chi-square test for difference in 
proportion of patients within each stage who received systemic 
therapy within 12 months between 2004 and 2009.  
aIn this category, too few observations were available in a given cell 
to report (n<10).  
bP≤.01.  
cP≤.05.
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NCT00326898), did not start until April 2006 and has 
the estimated primary completion date of April 2016. 
It is also possible that some patients with stage III RCC 
may have received systemic therapy as adjuvant off-la-
bel treatment based on disease with high-risk features. 

The present finding of a 34% decrease in the pro-
portion of patients with stage IV RCC who underwent 
nephrectomy before receipt of systemic treatment be-
tween 2004 and 2009 extends the existing research20–22 

indicating a significant decline in the use of cytoreduc-
tive nephrectomy for patients with metastatic RCC af-
ter FDA approval of vascular endothelial growth factor 
receptor tyrosine kinase inhibitors (VEGFR-TKI; eg, 
after 2005). This decreased use of surgery represents a 
change in the direction of the trend, because rates had 
been increasing in the years immediately following the 
results from 2 randomized controlled trials (SWOG 
8949 and EORTC 30947) in 2001.21–23 These 2 pro-
spective randomized trials showed improved overall sur-
vival from cytoreductive nephrectomy in patients with 
metastatic RCC treated with IFN-α.24,25 Reluctance to 
subject patients to surgery given the availability of orally 
administered agents with proven clinical benefit may 
influence decision-making. There may also be reason-
able doubts about the contribution of nephrectomy 
when combined with these novel systemic treatments. 
Two ongoing phase III randomized trials in Europe 
are evaluating the role of nephrectomy: CARMENA 
(ClinicalTrials.gov identifier: NCT00930033) is com-
paring sunitinib with or without nephrectomy, and 
SURTIME (EORTC-30073; ClinicalTrials.gov identi-
fier: NCT01099423) is comparing sunitinib with imme-
diate or deferred nephrectomy.

The significant decrease in time-to-systemic 
treatment within the first year after diagnosis for 

Table 2   Type of Systemic Therapy Received by Patients With 
Stage IV RCC by Year of Diagnosisa

Agent
Year of FDA 
Approvalb

% Patients 
in 2004 
(n=194)

% Patients 
in 2009 
(n=467) P Valuec

Interferond N/A 16.6 3.0 .04 

Interleukin-2 1992 16.3 2.2 <.01

Sorafenib 2005 7.7 8.4 .96 

Sunitinib 2006 1.6 39.2 <.01 

Temsirolimus 2007 — 15.2 —

Bevacizumab 2009 5.3 7.5 .77

Everolimus 2009 — 5.3 —

Pazopanib 2009 — 3.0 — 

Gemcitabinee N/A 1.5 2.8 .41

Other agentsf N/A 16.1 9.0 .07
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Figure 2  Kaplan-Meier plot of time-to-systemic treatment among 
patients with stage IV renal cell cancer by year of diagnosis. Estimates 
based on the number of patients with stage IV disease who received 
systemic therapy within 12 months, starting from date of diagnosis (or 
date of surgery for patients with stage IV who received surgery before 
systemic therapy). Log-rank test of equality, P<.01. 

Abbreviation: N/A, not applicable; RCC, renal cell carcinoma.
aAll percentages are weighted; categories are not mutually exclusive. 
bBased on the year in which the agent was FDA-approved for treatment of RCC.
cP values based on Pearson’s chi-square test (temsirolimus, everolimus, and pazopanib were not available in 2004). 
dInterferon (including interferon-alpha, human fibroblast interferon, interferon, Roferon-A, Intron-A) is currently not FDA-approved as a 
monotherapy for RCC.
eGemcitabine is currently not FDA-approved for RCC. 
fIncluding 5-fluorouracil, paclitaxel, A6013736, bisphosphonate, bortezomib, GW-786034, ixabepilone, human anti-CTLA4, rapamycin, vaccine (not 
otherwise specified), vatalanib, Adriamycin, Decadron, vinorelbine, methotrexate, thalidomide, capecitabine, zoledronic acid, erlotinib, atrasentan, 
lenalidomide, and axitinib. 
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patients with stage IV RCC from 2004 to 2009 in 
the present study was likely influenced by many fac-
tors. Because patients undergoing a nephrectomy 
can start treatment only after adequate recovery 
from surgery, which would delay time to initiate 

systemic therapy, the authors accounted for receipt 
of surgery in their analysis. In addition, they con-
ducted sensitivity analyses in which they found 
shorter times to systemic treatment in 2009 among 
patients treated with and without surgery.

Table 3   Factors Associated With Receipt of Systemic Therapy and Time-to-Systemic Treatment 
Within 12 Months of Diagnosis Among Patients With Stage IV Renal Cell Cancer

Receipt of Any Systemic Therapy
(n=661)

Time to Receipt of Systemic Therapy
(n=651)

Univariate Multivariatea Univariate Multivariateb

Characteristic OR (95% CI) OR (95% CI) HR (95% CI) HR (95% CI)
Age at diagnosis, y

<50
50–59
60–69
70–79
≥80

Ref
0.55 (0.19, 1.62)
0.43 (0.19, 0.99)c

0.28 (0.13, 0.63)d

0.06 (0.02, 0.24)d,e

Ref
0.42 (0.17, 1.07)
0.34 (0.14, 0.83)c

0.21 (0.09, 0.50)d

0.05 (0.01, 0.18)d,e

Ref
0.65 (0.35, 1.22) 
0.57 (0.32, 1.02)
0.46 (0.26, 0.81)d

0.15 (0.05, 0.47)d

Ref
0.59 (0.37, 0.96)c

0.53 (0.32, 0.87)c

0.38 (0.22, 0.65)d

0.13 (0.04, 0.38)d,e

Year of diagnosis
2004
2009

Ref
2.48 (1.14, 5.39)c

Ref
3.62 (1.91, 6.87)d

Ref
2.18 (1.32, 3.62)d

Ref
2.60 (1.69, 4.03)d

Race/ethnicity
White, non-Hispanic
Asian, non-Hispanic
Black, non-Hispanic
Hispanic
Other

Ref
1.16 (0.58, 2.34)
1.04 (0.53, 2.03)
1.52 (0.77, 3.03)
0.77 (0.19, 3.13)

Ref
1.08 (0.68, 1.71)
1.01 (0.63, 1.61)
1.47 (0.93, 2.30)
0.78 (0.24, 2.52)

Ref
1.06 (0.67, 1.69)
0.94 (0.58, 1.52)
1.25 (0.80, 1.94)
1.02 (0.22, 4.76)

Health insurance coverage
Private
Public
Uninsured
Unknown

Ref
0.66 (0.35, 1.25)
0.37 (0.12, 1.16)
0.13 (0.01, 2.03)

Ref
0.90 (0.46, 1.76)
0.30 (0.08, 1.08) 
0.08 (0.01, 0.88)c,e

 
 
 
 

Marital status
Married/partnerf

Other
Ref
0.59 (0.30, 1.17)

Ref
0.65 (0.37, 1.16)

Ref
0.70 (0.42, 1.17)

Ref
0.76 (0.51, 1.12)

% High school education
≥89.62%
84.22–89.61%
73.38–84.22%
<73.38%

Ref
0.51 (0.22, 1.17)
0.44 (0.21, 0.93)c

0.41 (0.20, 0.85)c,e

Ref
0.45 (0.20, 1.02)
0.36 (0.17, 0.78)c

0.39 (0.18, 0.83)c,e

Ref
0.67 (0.34, 1.31)
0.66 (0.40, 1.08)
0.60 (0.35, 1.04)

Ref
0.52 (0.29, 0.94)c

0.54 (0.32, 0.90)c

0.50 (0.31, 0.82)d

Charlson comorbidity score
0
1+

Ref
0.88 (0.47, 1.63)

Ref 
0.87 (0.49, 1.56)

Ref
1.00 (0.68, 1.47)

Ref
1.02 (0.69, 1.51)

Histology
Clear cell
Non–clear cell

Ref
0.68 (0.39, 1.19)

Ref 
0.55 (0.30, 1.02)

Ref
0.81 (0.49, 1.33)

Receipt of surgery
No/unknown
Yes

Ref 
2.22 (1.13, 4.37)c

Ref
1.76 (0.95, 3.26)

 

Hospital residency training 
Yes
No/unknown

Ref
0.54 (0.34, 0.87)c

Ref 
0.89 (0.51, 1.56) 

 Ref
 0.73 (0.49, 1.11)

Ref
0.91 (0.63, 1.31)

Abbreviations: HR, hazard ratio; OR, odds ratio; Ref, referent category.
aBased on 660 patients with no missing data, model adjusted for age at diagnosis, year of diagnosis, health insurance coverage, marital status,  
  % high school education, Charlson comorbidity index, histology, receipt of surgery, hospital residency training, and SEER registry. 
bModel adjusted for age at diagnosis, year of diagnosis, race/ethnicity, marital status, % high school education, Charlson Comorbidity Index,    
  hospital residency training, and SEER registry. 
cP≤.05.
dP≤.01. 
eWald F test P value ≤.05. Variables that were not statistically significant at P≤.20 in bivariate analyses are not presented.
fMarried or living with intimate partner.
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Patient age and educational attainment in the 
area of residence were found to influence the odds of 
receiving systemic therapy and time-to-systemic treat-
ment. Saigal et al26 reported similar findings of an in-
verse association between age at diagnosis and receipt of 
systemic therapy among patients with metastatic RCC. 
Although the current study controlled for the presence 
of comorbid conditions at diagnosis, the effect of age on 
both receipt of systemic therapy and time-to-systemic 
treatment is likely attributable to concerns about treat-
ment tolerability. The authors’ results of a positive as-
sociation between education and receipt of systemic 
therapy add to findings from prior studies that suggest 

lower levels of educational attainment influence the 
treatment received by patients with cancer,27–30 which 
may be linked to several factors, including the avail-
ability and access to medical care. Moreover, among pa-
tients with advanced-stage disease, those presenting too 
late in the course of the disease, with poor performance 
status, may be considered poor candidates for treatment 
because of the possible side effects. 

The results of the present study should be inter-
preted in the context of certain limitations. No data 
were available on the treating physician characteris-
tics, including information on training and practice 
style, which has been shown to impact care deliv-

Table 4   Results of Sensitivity Analyses of Time-to-Systemic Treatment Within 12 Months of  
Diagnosis Among Patients With Stage IV Renal Cell Cancer by Receipt of Surgery 

Characteristic

No Surgery
(N=348)

Surgery
(N=290)

Bivariatea

HR (95% CI)
Multivariatea

HR (95% CI)
Bivariatea

HR (95% CI)
Multivariatea

HR (95% CI)

Age at diagnosis, y
<50
50–59
60–69
70–79
≥80

 
Ref
0.58 (0.23, 1.45)
0.48 (0.22, 1.05)
0.32 (0.14, 0.71)b

0.14 (0.03, 0.58)b

 
Ref
0.50 (0.19, 1.27)
0.55 (0.30, 1.01)
0.30 (0.14, 0.65)b

0.14 (0.04, 0.51)b

 
Ref
0.69 (0.28, 1.70)
0.64 (0.32, 1.29)
0.70 (0.28, 1.74)
0.13 (0.01, 1.95)

 
Ref
0.64 (0.35, 1.19)
0.53 (0.25, 1.12)
0.46 (0.18, 1.16)
0.12 (0.01, 1.96)

Year of diagnosis
2004
2009

 
Ref
3.79 (2.11, 6.80)b

 
Ref
3.87 (1.90, 7.92)b

 
Ref
1.76 (0.85, 3.66)

 
Ref
1.97 (0.94, 4.13)

Race/ethnicity
White, non-Hispanic
Asian, non-Hispanic
Black, non-Hispanic
Hispanic
Other

 
Ref
1.58 (0.80, 3.11)
1.16 (0.63, 2.12)
1.45 (0.87, 2.40)
0.77 (0.56, 1.07)

 
Ref
1.30 (0.57, 2.97)
0.97 (0.45, 2.07)
1.32 (0.71, 2.45)
1.82 (0.78, 4.24)

 
Ref
0.83 (0.44, 1.57)
0.92 (0.47, 1.82)
1.65 (0.90, 3.03)
0.92 (0.05, 16.8)

 
Ref
0.86 (0.45, 1.66)
0.96 (0.49, 1.87)
1.42 (0.80, 2.52)
0.91 (0.05, 17.0)

Marital status
Married/partnerd

Other

 
Ref
0.87 (0.51, 1.50)

 
Ref
0.65 (0.38, 1.12)

 
Ref
0.60 (0.30, 1.21)

 
Ref
0.75 (0.40, 1.40)

% High school education
≥89.62
84.22–89.61
73.39–84.21
<73.38

 
Ref
0.37 (0.18, 0.78)b

0.39 (0.19, 0.79)b

0.51 (0.26, 0.99)c

 
Ref
0.43 (0.18, 0.99)c

0.41 (0.20, 0.84)c

0.50 (0.26, 0.97)c

 
Ref
0.99 (0.45, 2.20)
0.93 (0.45, 1.93)
0.63 (0.27, 1.50)

 
Ref
0.72 (0.27, 1.97) 
0.71 (0.31, 1.63)
0.51 (0.22, 1.18) 

Charlson comorbidity score
0
1+

 
Ref 
1.08 (0.72, 1.64)

 
Ref
1.11 (0.64, 1.92)

 
Ref
1.03 (0.54, 1.95)

 
Ref
1.01 (0.55, 1.86)

Hospital residency training
Yes
No/unknown

 
Ref
0.63 (0.37, 1.07)

 
Ref
0.95 (0.52, 1.71)

 
Ref
0.89 (0.42, 1.88)

 
Ref 
0.99 (0.56, 1.75)

Abbreviations: HR, hazard ratio; Ref, referent category. 
aModel adjusted for age at diagnosis, year of diagnosis, race/ethnicity, marital status, % high school education, Charlson comorbidity index, 
hospital residency training, and SEER registry. 
bP≤.01.
cP≤.05.
dMarried or living with intimate partner. 
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ery.31,32 Further, information on patient preferences or 
experiences was not collected. These data were not 
mature enough for a reliable comparison of survival 
in 2004 to 2009. Although the authors controlled for 
several predictors of interest, some unmeasured factors 
may have influenced the treatment of patients with 
RCC. Finally, among patients with stage IV disease, 
data on the development of distant metastatic disease 
after initial treatment were not available. 

Conclusions 
The present findings indicate that treatment for 
RCC in the United States has evolved toward in-
creased use of systemic therapy over the past decade. 
Availability of several novel systemic therapeutic 
agents has led to increased treatment options for pa-
tients with advanced RCC. As the diffusion of new 
therapies continues, understanding of how variation 
in care for RCC will impact health outcomes will be 
imperative, including therapeutic benefit, quality of 
life, and costs of care. 
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