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Introduction

Abstract

In the United States, renal cell carcinoma (RCC) has rapidly increased in inci-
dence for over two decades. The most common histologic subtypes of RCC,
clear cell, papillary, and chromophobe have distinct genetic and clinical charac-
teristics; however, epidemiologic features of these subtypes have not been well
characterized, particularly regarding any associations between race, disease sub-
types, and recent incidence trends. Using data from the Surveillance, Epidemi-
ology, and End Results (SEER) Program, we examined differences in the age-
adjusted incidence rates and trends of RCC subtypes, including analysis focus-
ing on racial differences. Incidence rates increased over time (2001-2009) for
all three subtypes. However, the proportion of white cases with clear cell histol-
ogy was higher than among blacks (50% vs. 31%, respectively), whereas black
cases were more likely than white cases to have papillary RCC (23% vs. 9%,
respectively). Moreover, papillary RCC incidence increased more rapidly for
blacks than whites (P < 0.01) over this period. We also observed that increased
incidence of papillary histology among blacks is not limited to the smallest size
strata. We observed racial differences in proportionate incidence of RCC sub-
types, which appear to be increasing over time; this novel finding motivates
further etiologic, clinical, molecular, and genetic studies.

(SET domain containing 2) [6-8]. In contrast, neither
papillary nor chromophobe histology tumors have been

Renal cell carcinoma (RCC) comprises several distinct his-
tological subtypes, the most commonly diagnosed includ-
ing clear cell, papillary, and chromophobe. These subtypes,
classically defined by histology [1], are associated with dis-
tinct molecular and genetic characteristics [2—4]. Notably,
clear cell RCC is associated with cytogenetic loss of chro-
mosome 3p, encompassing four of the most commonly
mutated genes in this cancer: the closely linked Von Hip-
pel-Lindau (VHL) tumor suppressor gene which has been
identified to be inactivated in up to 92% of cases [5], and
the more recently recognized high-frequency mutations in
PBRM!1 (polybromo 1), BAP1 [BRCALI associated protein-
1 (ubiquitin carboxy-terminal hydrolase)], and SETD2

associated with any of these genomic alterations. Further,
the cytogenetic profile is highly distinct with papillary
tumors displaying trisomy 7 and 17, and chromophobe
RCC associated with multiple monosomies (characterized
by collective losses of chromosomes 1, 2, 6, 10, 13, 17, and
21) [9]. Not surprisingly, then, these tumors display differ-
ences in clinical manifestations, rates for recurrence, and
response to targeted therapy [10—14].

Several risk factors for RCC have been consistently iden-
tified in epidemiologic studies. The better established fac-
tors include cigarette smoking, body weight, hypertension,
and familial cancer syndromes [15]. Cigarette smoking has
been associated with a dose-response pattern of 20-30%
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increased risk and decrease in risk with cessation [16].
Obesity has been associated with a 40% or greater elevated
risk of RCC in U.S. studies [17, 18]. A systematic review of
BMI and cancer risk found a 24% increase in the risk of
RCC for every 5 kg/m” increase in BMI (34% for women)
[19]. Hypertension has also been shown to be associated, in
a dose-response manner, with an increased risk of RCC
[17, 20, 21]. Although associations have been noted, an
independent effect of antihypertensive medications has not
been reported [22]. Other factors suggested to influence the
risk of RCC include diabetes, fruit, and vegetable intake,
end-stage renal disease, parity, physical activity, alcohol
consumption, and trichloroethylene exposure [15]. Most of
these associations have been reported from studies of per-
sons of European ancestry, although a few studies have sug-
gested differences in the patterns of association for several
risk factors, with higher risks found among blacks [23-25].
A recent analysis of data from two U.S. RCC case—control
studies showed that the association with obesity may vary
by histologic subtype [26]. However, there is limited evalu-
ation, using national data, of the patterns of incidence of
RCC subtypes, including secular trends. Such differences, if
found, could reveal important subtype-specific etiological
factors and identify novel targets for intervention [26, 27].
Overall RCC incidence and mortality rates have previ-
ously been reported to be similar between blacks and whites,
however, recent reports by Lipworth et al. [28]. and Chow
et al. [29]. using Surveillance, Epidemiology, and End
Results (SEER) Program data reported that both incidence
and mortality rates were significantly higher in blacks.
Moreover, incidence rates for RCC in general for African-
Americans have been rising more rapidly than whites since
the 1990s [29, 30]. A small (n = 204 total, 117 black) multi-
institutional study suggested that blacks had a significantly
higher occurrence of papillary RCC [31], a novel observa-
tion confirmed in a recent study using SEER data, which
also suggested poorer relative survival for blacks across mul-
tiple subgroups [29]. A better understanding of the contri-
bution of race to the incidence of RCC subtypes would shed
light on potentially both genetic and environmental features
that favor the development of these cancers. To explore
RCC subtype incidence patterns over the last decade, and to
examine the contribution of demographic factors, including
race, on RCC subtype incidence, we examined incidence
data from over 50,000 reported cases from across the U.S.
over the last 9 years from the 18 registries in the SEER
Program. Our analysis updates and expands a previous
analysis of SEER data presented in abstract form [32].

Material and Methods

We used data from 18 population-based registries of the
SEER Program (November 2011 release) including: Alaska
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Native Tumor Registry, Atlanta, Connecticut, Detroit,
Greater California, Greater Georgia, Hawaii, Iowa, Ken-
tucky, Los Angeles, Louisiana, San Francisco-Oakland,
San Jose-Monterey, Seattle-Puget Sound, New Jersey, New
Mexico, Rural Georgia, and Utah [33].

We used the International Classification of Diseases for
Oncology, Third Edition (ICD-O-3) site code C64.9 to
identify patients with RCC diagnosed from 2001 to 2009.
We focused on the three most common histologic
subtypes, identified using the following ICD-O-3 histo-
logic codes: 8310 for clear cell, 8260 for papillary, 8317
and 8270 for chromophobe. The accuracy of the subtype
data entered for the SEER Program was recently exam-
ined in a cohort of 498 cases, and demonstrated a strong
correlation with expert pathologic review [34]. ICD-O-3
code 8312 (RCC not otherwise specified, NOS) was iden-
tified for 31,331 patients. Because of the uncertainty of
the classification of these cases over time, for this report,
we have excluded the RCC NOS cases from our primary
analysis; however, we did perform a secondary sensitivity
analysis to examine the impact of this large group of
cases. Because SEER data do not capture subtype-specific
classifications, such as papillary type 1, and papillary type
2, these additional levels of stratification were not exam-
ined for any of the three primary subtypes. The final
cohort included a total of 52,924 patients with clear cell,
papillary, and chromophobe RCC. We conducted descrip-
tive and comparative analyses of the overall incidence
among cases with the three histologic subtypes by age,
sex, and race and then examined the unadjusted odds
ratios of papillary and chromophobe subtypes in compar-
ison to clear cell. We also computed age-adjusted inci-
dence rates (cases per 100,000) standardized by Census
2000 population and tested differences in rates between
the race groups, using the method of Carriere and Roos
[35]. This is a nonparametric method which computes a
T statistic which follows a chi-square distribution with
large sample, but does assume the data originate from a
known distribution. This method can test the absolute
difference between two incidence estimates from two race
groups at the same time point.

We also conducted trends analysis using the Joinpoint
Regression Program (version 4.0.1, NCI) [36] to examine
differences in changes of incidence rates between race
groups by histologic type. To do this we input the
age-adjusted incidence rates in each year from 2001 to
2009 separately for whites and blacks and for each histo-
logic type. The Joinpoint Program uses permutation tests
to find a best fit of regression model with the smallest
number of “joinpoints” which are distinct linear segments
that differ statistically in their slopes. In addition, the
program can be used to test if trends between two
cohorts are statistically different (i.e., nonparallel) from
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each other. We obtained annual percentage change and
average annual percentage changes (AAPCs) from a log-
linear model in the joinpoint analysis using the logarithm
of observed rates. In addition, we also performed a linear
regression model using the observed rates to compute an
absolute change in the rate per year by race and histologic
type. Together, joinpoint analysis provided additional
information on race differences based on absolute and
relative changes in the incidence rate by histologic sub-
type. We also performed joinpoint analyses stratifying by
histology and tumor size.

Results

Among the 84,255 RCC patients, 48% of the tumors were
clear cell, 37% were NOS, 10% were papillary, and 5%
were chromophobe (Table 1). Excluding the NOS cases,
77% of the tumors were clear cell, 16% were papillary,
and 7% were chromophobe. The proportion of RCC cases
of clear cell histology among whites was higher than for
blacks (50% vs. 31% respectively), whereas black cases
were more likely than white cases to have papillary RCC
(23% vs. 9% respectively). Whites and blacks had similar
proportions of NOS cases (37% and 41%, respectively)
over the study period. Compared to whites, black patients
were four times as likely to have papillary RCC and twice

A. F. Olshan et al.

as likely to have chromophobe RCC than clear cell RCC
(Table 1). Asian or Pacific islanders were less likely to
have papillary or chromophobe type than clear cell as
compared with white patients (Table 1).

We observed an increasing trend (2001-2009) of
annual age-adjusted incidence rates for all three histologic
types, consistent with the increasing incidence overall, but
striking differences between whites and blacks in propor-
tionate incidence of the different subtypes (Fig. 1). For
clear cell type, both groups had a twofold increase in rates
from 2001 to 2009, increasing from 3.7 to 7.5 cases per
100,000 men and women for white patients and 2.7 to
5.4 for black patients.

In 2001, the beginning of the study period, blacks were
roughly two times more likely to have the papillary type
than whites. However, over the study period, the rise in
incidence of papillary was substantially larger for black
than for white patients (increasing from 1.6 to 4.0 for
black patients vs. 0.7 to 1.3 for white; P < 0.01). By 2009,
the incidence rate of papillary (4.0) approached that of
clear cell (5.4) in blacks. The chromophobe subtype was
more rarely diagnosed and the racial difference was no
longer statistically significant in 2009.

For the trends analysis, we found that that whites and
blacks had similar AAPC for clear cell, 9.6 and 9.8,
respectively (data not shown). For papillary, whites had

Table 1. Case—case comparisons of age, sex, and race distributions across renal cell carcinoma histologic subtypes.’

Descriptive data by subtype

N (%) OR (95% Cl)
Chromophobe
Clear cell (code 8310) NOS (code 8312)  Papillary Chromophobe  Papillary versus clear cell  versus clear cell

Total 40,587 (48) 31,331 (37) 8518 (10) 3819 (5)
Age

<45 3778 (53) 2151 (30) 670 (9) 595 (8) 1 1

45-54 8031 (53) 4733 (31) 1488 (10) 778 (5) 1.05 (0.95-1.15) 0.62 (0.55-0.69)

55-64 11,526 (52) 7371 (33) 2547 (11) 922 (4) 1.25(1.14-1.37) 0.51 (0.46-0.57)

65-74 10,311 (49) 7762 (37) 2313 (11) 851 (4) 1.27 (1.15-1.39) 0.52 (0.47-0.59)

75+ 6941 (38) 9314 (51) 1500 (8) 673 (4) 1.22 (1.10-1.35) 0.62 (0.55-0.69)

Per 10-year increase of age (continuous
variable)
1.05 (1.03-1.07) 0.90 (0.87-0.92)

Sex

Male 24,902 (47) 19,351 (36) 6591 (12) 2177 (4) 1 1

Female 15,685 (50) 11,980 (38) 1927 (6) 1642 (5) 0.46 (0.44-0.49) 1.20 (1.12-1.28)
Race

White 34,905 (50) 26,065 (37) 6168 (9) 3105 (4) 1 1

Black 2834 (31) 3796 (41) 2077 (23) 505 (5) 4.15 (3.90-4.42) 2.00 (1.81-2.22)

Asian/pacific islander 2147 (61) 1016 (29) 191 (5) 152 (4) 0.50 (0.43-0.59) 0.80 (0.67-0.94)

Other 701 (54) 454 (35) 82 (6) 57 (4) 0.66 (0.53-0.83) 0.91 (0.70-1.20)

"The following ICD-O-3 codes were used to identify these subtypes: 8310 or 8312 for clear cell, 8260 for papillary, 8317 and 8270 for chromo-
phobe. Data source is the SEER 18 registries database from November 2011 submission.
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Figure 1. Age-adjusted renal cell carcinoma by race and histologic
subtypes in 2001-2009, by black and white race. Incidence rates
shown on log scale. RCC NOS (ICD-O-3 8312) cases excluded. RCC,
renal cell carcinoma; NOS, not otherwise specified; ICD, international
classification of diseases.

an AAPC of 9.5, smaller than the AAPC of 12.1 for
blacks. These trends in subtype by race were considered
parallel in the joinpoint analysis. However, the slopes
based on observed incidence rates differed, with blacks
having a greater increase in slope than whites (0.09; 95%
CI = 0.08, 0.1 for whites and 0.30; 95% CI = 0.26, 0.34
for blacks). Moreover, among papillary tumors, blacks
experienced a greater increase in larger, clinically mean-
ingful tumors of 24 ¢cm and >4 cm than among whites
over the study period (0.04 vs. 0.12, P = 0.026; and 0.04
vs. 0.14, P = 0.006).

Discussion

Using national data, we observed a higher proportion of
black RCC cases with papillary histology compared to
white cases, consistent with prior studies [30, 32], includ-
ing a prior SEER analysis [32] and an analysis of two
large international case—control studies with a common
central histopathologic review [26]. We also observed that
the well-documented rise in RCC rates in recent years
reflects an increase in all of the histologies of RCC. How-
ever, we also observed dynamic black—white incidence
differences in histologic RCC subtypes, and these changes
in rates are not equivalent. Rather, we are observing a lar-
ger increase in the disproportionate share of black cases
with papillary histology, with a widening of the gap
between blacks and whites in the incidence of this sub-
type.

Papillary RCC is the subtype about which perhaps the
least is known on the molecular level. Familial cases have

© 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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been linked to mutations in the cMET proto-oncogene
[37], and mutations in the fumarate hydratase gene, a key
enzyme in metabolism [38]. In contrast to clear cell RCC,
where VHL inactivation appears to be a canonical feature
in both hereditary and sporadic cases, mutations in these
genes are occasionally observed, but not recognized as
high-frequency events in sporadic papillary RCC. Further
work by the Cancer Genome Atlas consortium and other
integrated genomics efforts will shed light on the com-
mon genetic and molecular features of this tumor type. It
will be essential that cases of African descent are well rep-
resented in these cohorts. The identification of commonly
mutated genes or other molecular events will provide key
insights into the biology of this cancer, and in particular
any features differentiating white and black patients.

Established risk factors for RCC include cigarette smok-
ing, obesity, and hypertension; some of these associations
may vary by race or histologic subtype, as has been sug-
gested in recent studies [23, 26] While these risk factors
have not specifically been associated with papillary RCC
risk, there have not been any studies adequately powered
to examine the associations separately by race and histol-
ogy. Given the higher rates of tobacco exposure, obesity,
and hypertension among blacks, it may be reasonable to
explore the contribution that these risk factors may have
on the disproportionate rise in papillary RCC in black
cases. It will be important to consider genetic as well as
other epidemiologic factors in determining potential
mechanisms for the observed dynamic, subtype-specific
incidence trends we observed. The increased use of
abdominal imaging is also frequently invoked as an
explanatory hypothesis for the rise RCC incidence, to the
extent it leads to an increase in the incidental detection
of renal masses. Changing socioeconomic status and
improving access to healthcare services among blacks is
an important factor to consider, but may not explain a
decade long, race-specific increase in the detection of the
relatively rare papillary tumor type. Our findings high-
light several important population-wide features of this
cancer: (1) all subtypes are on the rise, and, (2) papillary
RCC, more common among black American patients, is
becoming more racially disparate. Our study strengths
include the use of a large dataset with standardized and
systematic ascertainment and classification of RCC cancer
cases. This resource permitted the estimation of nationally
representative incidence rates. In addition, a standard set
of demographic variables were also available. However,
lifestyle, environmental, and medical conditions are not
included in the SEER data and were not available for this
analysis.

The clinical significance of the observed larger and dis-
proportionately rising share of papillary cases among
blacks warrants further consideration, especially given the
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evidence that papillary and chromophobe RCC are associ-
ated with a better prognosis than clear cell RCC. Because
of evidence that most of the increases in RCC incidence
in recent decades have been in small (<4 cm, stage Tla)
and very small (<2 cm) localized renal masses, we
examined the size distribution of papillary cases, by race.
Among Tla cases, the proportion of <2 cm and 2—4 cm
masses was higher among whites versus blacks (14.4% vs.
11.9% and 38.8% vs. 34.2%, respectively), whereas the pro-
portion of masses >4 cm was higher in blacks (46/8% vs.
53.8%, respectively). Furthermore, the slope of increased
incidence in these groups in the joinpoint analysis was not
significantly different between the groups in the <2 c¢m stra-
tum, whereas the slope of increased incidence of 2—4 cm
and >4 cm tumors was significantly higher among blacks
over the study period (0.04 vs. 0.12 [P = 0.026] and 0.04 vs.
0.14 [P = 0.006], respectively). These data suggest that the
observed increased incidence of papillary histology among
blacks is not limited to the smallest, potentially clinically
insignificant size strata.

Additionally, although a standard pathologic review
protocol is employed across the study areas some uncer-
tainty in histologic classification remains. A large propor-
tion of cases were classified as ICD-O-3 code 8312 (RCC
NOS). In our original dataset code 8312 comprised
31,331 (37%) of RCC patients. A recent study of the
SEER-assigned histology compared to classification by an
independent pathologist found that the majority of cases
with the SEER-assigned ICD-O-3 code 8312 (RCC, NOS)
were classifiable as clear cell [34]. We conducted a sensi-
tivity analysis by comparing the age-adjusted rate of the
clear cell subtype using code 8312 alone and then com-
bining 8312 with clear cell (8310) (data not shown). The
results for our sensitivity analysis of the combined (ICD-
0-3 8310 and 8312) group are generally similar to those
for 8312 alone, including an elevated odds ratio for papil-
lary among blacks (data not shown). It appears that black
patients are also more likely to be diagnosed with ambig-
uous histopathologic codes. Further investigation of these
classification practices that may impact classification
among this subtype is warranted.

Novel targeted therapeutics are rapidly being generated
for RCC, including new treatments being tested for use in
subtype-specific scenarios, such as MET inhibitors for use
in papillary RCC. These findings highlight the growing
need to develop targeted therapies in order to address
issues of disparity in health care. More specifically, it
demonstrates the importance of developing better meth-
ods of detection or prevention of papillary RCC among
black Americans to be developed, and for improved
methods of subtype determination to be put forward,
potentially including molecular classification schemes, to
ensure that patients receive optimal care. Future epidemi-
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ological, clinical, and genetic studies are needed to
advance the understanding of RCC subtypes such that a
clearer appreciation of the tumor subtype profile may pro-
vide new insights into prevention, screening, or therapy.

Conflict of Interest

None declared.

References

1. Linehan, W. M., M. B. Amin, M. M. Walther, and B. Zbar.
2003. The genetic basis of cancer of the kidney. J. Urol.
170(6 Pt 1):2163-2172.

2. Amin, M. B., P. Tamboli, J. Javidan, H. Stricker, M.
de-Peralta Venturina, et al. 2002. Prognostic impact of
histologic subtyping of adult renal epithelial neoplasms: an
experience of 405 cases. Am. J. Surg. Pathol. 26:281-291.

3. Delahunt, B., P. B. Bethwaite, and J. N. Nacey. 2007.
Outcome prediction for renal cell carcinoma: evaluation of
prognostic factors for tumours divided according to
histological subtype. Pathology 39:459-465.

4. Sanford, T., P. H. Chung, A. Reinish, V. Valera, R. Srinivasan,
W. M. Linehan, et al. 2011. Molecular sub-classification of
renal epithelial tumors using meta-analysis of gene
expression microarrays. PLoS One 6:e21260.

5. Nickerson, M. L., E. Jaeger, Y. Shi, J. A. Durocher,

S. Mahurkar, D. Zaridze, et al. 2008. Improved
identification of von Hippel-Lindau gene alterations in
clear cell renal tumors. Clin. Cancer Res. 14:4726-4734.

6. Varela, L., P. Tarpey, K. Raine, D. Huang, C. K. Ong,

P. Stephens, et al. 2011. Exome sequencing identifies
frequent mutation of the SWI/SNF complex gene PBRM1
in renal carcinoma. Nature 469:539-542.

7. Kapur, P., S. Pena-Llopis, A. Christie, L. Zhrebker, A.
Pavia-Jiménez, W. K. Rathmell, et al. 2013. Brugarolas
Effects on survival of BAP1 and PBRM1 mutations in
sporadic clear-cell renal-cell carcinoma: a retrospective
analysis with independent validation. Lancet Oncol. 14:159—
167.

8. Dalgliesh, G. L., K. Furge, C. Greenman, L. Chen,

G. Bignell, A. Butler, et al. 2010. Systematic sequencing of
renal carcinoma reveals inactivation of histone modifying
genes. Nature 463:360-363.

9. Hagenkord, J. M., Z. Gatalica, E. Jonasch, and F.

A. Monzon. 2011. Clinical genomics of renal epithelial
tumors. Cancer Genet. 204:285-297.

10. Patard, J. J., E. Leray, N. Rioux-Leclercq, L. Cindolo, V.
Ficarra, A. Zisman, et al. 2005. Prognostic value of
histologic subtypes in renal cell carcinoma: a multicenter
experience. J. Clin. Oncol. 23:2763-2771.

11. Motzer, R. J., J. Bacik, T. Mariani, P. Russo,

M. Mazumdar, and V. Reuter. 2002. Treatment outcome
and survival associated with metastatic renal cell

© 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



A. F. Olshan et al.

carcinoma of non-clear-cell histology. J. Clin. Oncol.
20:2376-2381.

12. Ronnen, E. A, G. V. Kondagunta, N. Ishill, L. Spodek, P.
Russo, V. Reuter. et al. 2006. Treatment outcome for
metastatic papillary renal cell carcinoma patients. Cancer
107:2617-2621.

13. Jonasch, E., P. A. Futreal, . J. Davis, S. T. Bailey, W. Y. Kim,
J. Brugarolas, et al. 2012. State of the science: an update on
renal cell carcinoma. Mol. Cancer Res. 10:859—-880.

14. Patard, J. J., G. Pignot, B. Escudier, T. Eisen, A. Bex,

C. Sternberg, et al. 2011. ICUD-EAU International
Consultation on Kidney Cancer 2010: treatment of
metastatic disease. Eur. Urol. 60:684—-690.

15. Chow, W. H., L. M. Dong, and S. S. Devesa. 2010.
Epidemiology and risk factors for kidney cancer. Nat. Rev.
Urol. 7:245-257.

16. Hunt, J. D., O. L. van der Hel, G. P. McMillan, P.
Boffetta, P. Brennan. 2005. Renal cell carcinoma in
relation to cigarette smoking: meta-analysis of 24 studies.
Int. J. Cancer 114:101-108.

17. Chow, W. H., G. Gridley, J. F. Fraumeni Jr., and
B. Jarvholm. 2000. Obesity, hypertension, and the risk of
kidney cancer in men. N. Engl. J. Med. 343:1305-1311.

18. Calle, E. E., and R. Kaaks. 2004. Overweight, obesity and
cancer: epidemiological evidence and proposed
mechanisms. Nat. Rev. Cancer 4:579-591.

19. Renehan, A. G., M. Tyson, M. Egger, R. F. Heller, and M.
Zwahlen. 2008. Body-mass index and incidence of cancer:
a systematic review and meta-analysis of prospective
observational studies. Lancet 371:569-578.

20. Choi, M. Y., S. H. Jee, J. W. Sull, and C. M. Nam. 2005.
The effect of hypertension on the risk for kidney cancer in
Korean men. Kidney Int. 67:647-652.

21. Weikert, S., H. Boeing, T. Pischon, C. Weikert, A. Olsen,

A. Tjonneland, et al. 2008. Blood pressure and risk of renal
cell carcinoma in the European prospective investigation
into cancer and nutrition. Am. J. Epidemiol. 167:438-446.

22. Nicodemus, K. K., C. Sweeney, and A. R. Folsom. 2004.
Evaluation of dietary, medical and lifestyle risk factors for
incident kidney cancer in postmenopausal women. Int. J.
Cancer 108:115-121.

23. Lipworth, L., R. E. Tarone, and J. K. McLaughlin. 2011.
Renal cell cancer among African Americans: an
epidemiologic review. BMC Cancer 11:133.

24. Cote, M. L., J. S. Colt, K. L. Schwartz, S. Wacholder, J. J.
Ruterbusch, F. Davis, et al. 2012. Cigarette smoking and
renal cell carcinoma risk among black and white Americans:
effect modification by hypertension and obesity. Cancer
Epidemiol. Biomarkers Prev. 21:770-779.

25. Beebe-Dimmer, J. L., J. S. Colt, J. J. Ruterbusch,

G. R. Keele, M. P. Purdue, S. Wacholder, et al. 2012. Body
mass index and renal cell cancer: the influence of race and
sex. Epidemiology 23:821-828.

© 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Race and Renal Cell Carcinoma Incidence

Purdue, M. P., L. E. Moore, M. J. Merino, P. Boffetta, J. S.
Colt, K. L. Schwartz, et al. 2013. An investigation of risk
factors for renal cell carcinoma by histologic subtype in
two case-control studies. Int. J. Cancer 132:2640-2647.
Rasmussen, N., and W. K. Rathmell. 2011. Looking
beyond inhibition of VEGF/mTOR: emerging targets for
renal cell carcinoma drug development. Curr. Clin.
Pharmacol. 6:199-206.

Lipworth, L., J. K. McLaughlin, R. E. Tarone, and W. J.
Blot. 2011. Renal cancer paradox: higher incidence but not
higher mortality among African-Americans. Eur. J. Cancer
Prev. 20:331-333.

Chow, W. H., B. Shuch, W. M. Linehan, and S. S. Devesa.
2013. Racial disparity in renal cell carcinoma patient
survival according to demographic and clinical
characteristics. Cancer 119:388-394.

Chow, W. H., S. S. Devesa, J. L. Warren, and

J. F. Fraumeni Jr. 1999. Rising incidence of renal cell
cancer in the United States. JAMA 281:1628-1631.

Sankin, A., J. Cohen, H. Wang, R. J. Macchia, and N. Karanikolas.
2011. Rate of renal cell carcinoma subtypes in different races. Int.
Braz. J. Urol. 37:29-32; discussion 33-24.

Chung, P. H., W. Linehan, and G. Bratslavsky. 2010.
Abstract 314, ASCO, 2010. Race determines histological
subtypes and stage of RCC: an analysis of the SEER
database. P. H. Chung, Source URL: https://meetinglibrary.
asco.org/content/30754-73 (accessed 21 May 2013).
Surveillance, epidemiology, and end results (SEER) program
(www.seer.cancer.gov) Research Data (1973-2009).
National Cancer Institute, DCCPS, Surveillance Research
Program, Surveillance Systems Branch, released April 2012,
based on the November 2011 submission, 2012.

Shuch, B., J. N. Hofmann, M. J. Merinoc, J. W. Nix,

S. Vourganti, W. M. Linehan, et al. 2013. Pathologic
validation of renal cell carcinoma histology in the
Surveillance, Epidemiology, and End Results program.
Urol. Oncol. pii: S1078-1439(12)00291-8. doi: 10.1016/j.
urolonc.2012.08.011. [Epub ahead of print]

Carriere, K. C., and L. L. Roos. 1994. Comparing
standardized rates of events. Am. J. Epidemiol. 140:472-482.
Joinpoint Regression Program, Version 4.0.1 — January
2013; Statistical Methodology and Applications Branch,
Surveillance Research Program, National Cancer Institute.
Schmidt, L. S., M. L. Nickerson, D. Angeloni, G. M.
Glenn, M. M. Walther, P. S. Albert, et al. 2004. Early
onset hereditary papillary renal carcinoma: germline
missense mutations in the tyrosine kinase domain of the
met proto-oncogene. J. Urol. 172(4 Pt 1):1256-1261.
Toro, J. R., M. L. Nickerson, M. H. Wei, M. B. Warren,
G. M. Glenn, M. L. Turner, et al. 2003. Mutations in the
fumarate hydratase gene cause hereditary leiomyomatosis
and renal cell cancer in families in North America. Am. J.
Hum. Genet. 73:95-106.

749



