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Introduction: This is a timely update of incidence and mortality
for renal cell carcinoma (RCC) in the United States.

Methods: Relying on the Surveillance, Epidemiology, and End
Results (SEER) database, we computed age-adjusted incidence,
mortality rates and 5-year cancer-specific survival (CSS) for patients
with histologically confirmed kidney cancer between 1975 and
2009. Long-term (1975-2009) and short-term (2000-2009) trends
were examined by joinpoint analysis, and quantified using the
annual percent change (APC). The reported findings were stratified
according to disease stage.

Results: Age-adjusted incidence rates of RCC increased by +2.76%/
year between 1975 and 2009 (from 6.5 to 17.1/100 000 person-
years, p < 0.001), and by +2.85%/year between 2000 and 2009
(p < 0.001). For the same time points, the corresponding APC
for the incidence of localized stage were +4.55%/year (from
3.0 to 12.2/100 000 person years, p < 0.001), and +4.42%/year
(p < 0.001), respectively. The incidence rates of regional stage
increased by +0.88%/year between 1975 and 2009 (p < 0.001),
but stabilized in recent years (2000-2009: +0.56%/year, p = 0.4).
Incidence rates of distant stage remained unchanged in long- and
short-term trends. Overall mortality rates increased by +1.72%/year
between 1975 and 2009 (from 1.2 to 5.0/100 000 person-years,
P<0.001), but stabilized between 1994 and 2004 (p = 0.1). Short-
term mortality rates increased in a significant fashion by +3.14%/
year only for localized stage (p < 0.001).

Interpretation: In contemporary years, there is a persisting upward
trend in incidence and mortality of localized RCC.

Introduction

An estimated 64 770 new cases of kidney cancer were diag-
nosed in 2012 in the United States, with about 13 570 new
deaths due to the disease.! Previous studies reported that the

incidence of kidney cancer showed no signs of stabilizing
over the past 3 decades,** coinciding with an increased use
of imaging, namely abdominal ultrasound and computed
tomography (CT).> This postulation is somewhat substanti-
ated given that previous reports showed that the increase
in incidence was predominantly driven by localized stage.?
However, such trends may have changed in recent years
for two reasons. First, decreasing incidence rates for several
cancers have been reported.® Second, a recent study showed
a plateau, and even reduction, in the use of imaging studies
between 2006 and 2010.” Under this setting, we sought to
examine how these changes may have affected incidence
and mortality rates of kidney cancer over time. We hypoth-
esized that incidence rates of kidney cancer should also have
decreased, or at the minimum stabilized, in recent years.

Study source

Population-based data on cancer incidence were abstract-
ed from the National Cancer Institute (NCl)’s Surveillance,
Epidemiology, and End Results (SEER) program. The identifi-
cation of individuals with kidney cancer diagnosed between
1975 and 2009 were based on 13 cancer registries in the SEER
Program and account for about 14% of the US population.?

Study population

Patients with histologically confirmed cases of cancers of
the kidney parenchyma, or kidney not otherwise specified
(International Classification of Diseases Oncology [ICD-
O-2], site code C64.9) were abstracted using previously
described methodologies.?* For the purpose of the analyses,
we excluded in situ and unstaged disease. Moreover, analy-
ses were restricted to patients aged =18 years old.
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Table 1. Description of the staging system defined by
the Surveillance, Epidemiology, and End Results (SEER)
database

SEER stage

Description

An invasive malignant cancer confined entirely
to the organ of origin.

A malignant cancer that (1) has extended
beyond the limits of the organ of origin directly
into surrounding organs or tissues; (2) involves
regional lymph nodes by way of lymphatic
system; or (3) has both regional extension

and involvement of regional to distant organs,
tissues, or via the lymphatic system to distant
lymph nodes.

Localized

Regional

A malignant cancer that has spread to parts

of the body remote from the primary tumour
either by direct extension or by discontinuous
metastasis to distant organs, tissues, or via the
lymphatic system to distant lymph nodes.
SEER: Surveillance, Epidemiology, and End Results.

Distant

Statistical analyses

For the purpose of our analyses, cases were grouped accord-
ing to SEER staging systems, defined as localized, regional
and distant (Table 1). Overall incidence, mortality, and

the 5-year cancer-specific survival (CSS) were computed
within the entire cohort, and stratified according to disease
stage. Incidence rates and incidence-based mortality rates
were adjusted to the 2000 United States standard popula-
tion, and calculated per 100 000 person-years. Temporal
trends of age-adjusted rates were assessed using joinpoint
regression, which involves fitting a series of joined straight
lines on a logarithmic scale to the trends in the annual age-
adjusted rates,’ and quantified using the annual percent
change (APC). Both long-term (1975-2009) and short-term
(2000-2009) trends were examined. The time frame interval
for short-term trends assessment in mortality rates were lim-
ited to diagnoses between 1994 and 2004, to allow at least 5
years of follow-up. The t test was used to assess whether the
APCs were statistically significantly different. All statistical
tests were two-sided, with a significance level set at 0.05.

Results

Incidence

Overall age-adjusted incidence of kidney cancer steadily
increased by +2.76%/year (95% confidence interval [Cl]
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Fig. 1. Overall age-adjusted incidence rates of kidney cancer [A] and stratified according to disease stage [B], Surveillance, Epidemiology,

and End Results (SEER), 1975-2009.
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Fig. 2. Five-year cancer-specific survival among all patients diagnosed with kidney cancer [A], patients with localized disease [B], with regional disease [C], and
with distant disease [D], Surveillance, Epidemiology, and End Results (SEER), 1975-2005.

2.61-2.91, p < 0.001) between 1975 and 2009 (from 6.56
to 17.09 per 100 000 person-years, Fig. 1, part A). Short-term
trends revealed similar significant increases, where between
2000 and 2009 the incidence rose significantly by +2.85%/
year (95% Cl 2.06-3.64%, p < 0.001, Table 2). In stage-spe-
cific analyses, the results showed that age-adjusted incidence
rates of localized kidney cancer increased by +4.55% (95%
Cl 4.34-4.76%, p < 0.001) between 1975 and 2009 (from
2.99 to 12.16 per 100 000 person-years, Fig. 1, part B), and

by +4.42% (95% Cl 3.40-5.46%, p < 0.001) between 2000
and 2009. The incidence rates of regional disease increased
by +0.88% (95% Cl 0.60-1.15%, p < 0.001) from 1975 to
2009 (from 1.66 to 2.61 per 100 000 person-years), then sta-
bilized in short-term trends: +0.56% (95% CI -0.83-1.97%,
p = 0.4). Incidence rates of distant disease remained stable
in both short- and long-term trends (1975-2009: from 1.90
to 2.32 per 100 000 person-years, APC: +0.09%, p = 0.5).

Table 2. Long-term (1975-2009) and short-term (2000-2009) overall and stage-specific age-adjusted incidence and mortality trends

Long-term Short-term
APC (95% CI) p value APC (95% Cl) p value
Incidence
Overall +2.76 (2.61, 2.91) <0.001 +2.85 (2.06, 3.64) <0.001
Localized +4.55 (4.34, 4.76) <0.001 +4.42 (3.40, 5.46) <0.001
Regional +0.88 (0.60, 1.15) <0.001 +0.56 (-0.83, 1.97) 0.4
Distant 0.09 (-0.19, 0.36) 0.5 -1.20 (-2.74, 0.37) 0.1
Mortality*
Overall +1.72 (1.31, 2.13) <0.001 +0.77 (-0.12, 1.67) 0.1
Localized +3.92 (3.45, 4.39) <0.001 +3.14 (1.92, 4.38) <0.001
Regional +0.99 (0.33, 1.65) 0.004 -0.52 (-1.43, 0.40) 0.2
Distant +0.30 (-0.10, 0.69) 0.1 -0.83 (-2.31, 0.68) 0.2

“The time frame interval for short-term trends assessment in mortality rates were limited to diagnoses between 1994-2004, as to allow at least 5 years of follow-up. APC: annual percent change,
Cl: confidence interval.
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Fig. 3. Overall age-adjusted mortality rates of kidney cancer [A] and stratified according to disease stage [B], Surveillance, Epidemiology, and

End Results (SEER), 1975-2004.

5-year (5SS

Overall 5-year CSS rate for kidney cancer of all stages was
60.4% (95% Cl 60.3-60.6%). Between 1975 and 2005,
the 5-year CSS rates significantly improved over time: from
47.5% (95% Cl 46.3-48.6%) to 64.9% (95% Cl 64.3-65.6%,
p < 0.001, Fig. 2, part A). Stage-specific 5-year CSS rates
were 87.0% (95% Cl 86.8-87.2%) for localized stage,
62.9% (95% Cl 62.6-63.2%) for regional stage, and 9.3%
(95% Cl 9.1-9.5%) for distant stage. Significant improved
5-year CSS rates were recorded for all stages over time (all
p < 0.001, Fig. 2, part B-D).

Mortality

Overall age-adjusted mortality rates increased by +1.72%/
year (95% Cl 1.31-2.13%, p < 0.001) between 1975 and
2009 (from 2.24 to 5.00 per 100 000 person-years, Fig. 3,
part A, Table 2). However, mortality rates stabilized between
1994 and 2004 (APC: +0.77%, 95% CI -0.12-1.67%,
p = 0.1). The age-adjusted mortality rates for both local-
ized and regional kidney cancer increased by +3.92%/year
(95% Cl 3.45-4.39%, p < 0.001) and by +0.99%/year (95%
Cl0.33-1.65%, p = 0.004) between 1975 and 2009 (Fig. 3,

part B), respectively. In comparison, mortality rates for dis-
tant stage remained stable over time (APC: +0.30%, 95% Cl
-0.10-0.69%, p = 0.1). Short-term trends revealed that death
rates for localized stage continued to increased by 3.14%/
year (95% Cl 1.92-4.38%, p < 0.001) for those diagnosed
between 1994 and 2004. In contrast, death rates for both
regional (APC: -0.52%, 95% Cl -1.43-0.40%, p = 0.2) and
distant stages (APC: -0.83%, 95% Cl -2.31-0.68%, p = 0.2)
remained stable for those diagnosed between 1994 and
2004 (Table 2).

Discussion

In the latest seminal report published in the Journal of the
National Cancer Institute by Jemal and colleagues,® the inci-
dence rates of 11/17 and 11/18 most common cancers for
men and women either declined or stabilized between 2000
and 2009, respectively. Under such favourable improved
trends for many cancers, one may ponder whether such
declining incidence rates are equally applicable in the
context of kidney cancer. The testing of such hypothesis
becomes even more relevant given that historically, the
rise in incidence of RCC has largely been attributed to the
increased use of imaging techniques, which resulted in an
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increased detection of incidental tumours.>* However, the
declining use of imaging has been recently reported.” As a
result, incidence rates of RCC should, at the minimum, have
stabilized in recent years. Under such premises, we sought
to examine the variations in RCC incidence and mortality
in long- and short-term trends to provide a timely update of
kidney cancer incidence and death rates in the United States.

First and foremost, our findings revealed that the incidence
rates of kidney cancer maintain an upward trend in recent
years (2000-2009), rising by nearly 3% per year. Such a rise
in incidence was largely driven by localized disease, where
rates increased in a significant fashion by 4%/year, while
those of regional and distant stages remained constant. It has
been previously purported that the tremendous rise was the
result of imaging use.>*'° However, recent data indicate that
the use of computed tomography appeared to flatten start-
ing in 2007, and even reduced between 2009 and 2010,” a
period during which incidence rates have seen an upward
trend in the current analyses. Additionally, if the increase
in incidence can be solely attributed to the improved abil-
ity to detect clinically localized diseases, the proportion of
patients with locally advanced and metastatic disease should
theoretically decrease over time. Unfortunately, our findings
indicate a lack of a concomitant decrease for both regional
and distant stages in long-term trends.

The persisting rise in the incidence of localized RCC is
unclear. However, such trends may indicate that improved
diagnostic methods are unable to fully explain the rise.
Specifically, if the implementation of novel diagnostic tools
results in a precipitated increase in incidence, it should theo-
retically stabilize over time. Such was the case for prostate
cancer, where following a nationwide diffusion of prostate-
specific antigen (PSA) testing, the incidence rates of the
disease rose steadily by +16.5%/year between 1988 and
1992, but ultimately levelled off in recent years: —11.2%/
year between 1992 and 1995, and -2.1%/year between
2000 and 2009 (both p < 0.05).°

Other contributing etiological factors have been sug-
gested. It has been previously established that cigarette
smoking,’> body mass index,"* and hypertension'*'* have a
positive correlation with the increased risk of kidney can-
cer.>131817 |t should be stated that a clear dose-response rela-
tionship cannot be reliably determined for any of such risk
factors. Nonetheless, contemporary data show that obesity
is a fast-growing epidemic, affecting 233% of the population
in the United States with an undisputed association with
physical inactivity and hypertension.'® Moreover, roughly
20% of the population still smokes."

Whether the rising incidence of localized kidney cancer
is truly the result of concurrent etiological factors remains
speculative at best. Specifically, it may be postulated that
there is no real increase in incidence, but an enthused endea-
vour from clinicians to detect small renal masses, as a result

Kidney cancer in the United States

of the non-negligible imaging use in contemporary years.
Alternatively, the rising incidence could be the result of
several simultaneous factors. Therefore, the exploration and
testing of such hypotheses are crucial in upcoming years.

A second important finding of the current study consists of
increasing mortality rates for localized disease, even in more
contemporary years. Two noteworthy observations may be
elaborated from such results. First, whereas the prognosis of
patients with localized disease has been shown to be favour-
able due to earlier detection,?*?' the current results may
indicate that some of these new cases are not as clinically
insignificant as has been purported. Second, at the same
time, a previous report suggested that surgical intervention
remains the primary treatment modality for patients with
localized disease.?? This unexpected disconnect between
active treatment and increasing mortality rates may be sug-
gestive of overtreatment.?*2?* This is typical when novel
diagnostic tools are used to detect cancers at earlier stages
(e.g., prostate-specific antigen testing). While overtreatment
is non-negligible in the context of small renal masses,* the
clinical dilemma persists, as some patients diagnosed with
small renal masses do not live long enough to benefit from
surgery, while others may harbour an aggressive disease
phenotype that physicians are unable to reliably identify.?
Existing data indicate that especially among patients with
competing health risks, active surveillance is a suitable
approach,?2¢ where a delayed intervention would not jeop-
ardize the window of curability.?”

From a clinical standpoint, our results raise significant
considerations. As the incidence and mortality rates of local-
ized RCC continues to rise, it becomes essential for physi-
cians to better select candidates who will benefit from active
treatment, and sparing those for which treatment would be
unnecessary.?® Indeed, a previous review showed that most
small renal masses remain radiographically static after an ini-
tial period of surveillance.? The improved selection of surgi-
cal candidates may depend on the identification of biomark-
ers that can help distinguish benign and malignant disease,
as well to accurately predict tumours that will metastasize.

Our findings should be evaluated within the context of
population-based study limitations. As in all epidemiologic
research relying on the SEER database, the lack of central
pathology, consideration of loss to follow-up and lack of
detailed information on TNM staging represent important
potential biases that may have affected the current findings.
That said, the SEER represents a large contemporary cohort
that is considered highly generalizable of the United States
population.

Conclusion

The persisting upward trends of localized RCC incidence
and mortality suggest that the widespread use of imaging
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contributes to this phenomenon. Alternatively other etiologi-
cal factors may be considered. An effort should be made
to identify the characteristics of localized kidney tumour
at higher risk of metastases and cancer-specific mortality.
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