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Introduction
Renal cell carcinoma (RCC) accounts for approximately 4% 
of all adult malignancies with nearly 270,000 new cases diag-
nosed annually worldwide (1). In 2010, 58,000 new cases of 
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RCC were diagnosed in the United States alone, with approx-
imately 13,000 deaths (2). These numbers have increased to 
an estimated 76,080 new cases and 13,780 deaths in 2021 (3). 
Specifically, in Pennsylvania, the incidence rate of RCC 
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for approximately 5–10% of urothelial carcinomas (UCs) 
(11,  12). Given the low incidence of renal pelvis tumors, it 
is less likely that the inclusion of such a group with kidney 
tumors will have a significant impact on trends.

The JoinPoint Trend Analysis software (13) was then used 
to model annual percent changes (APCs) in age-adjusted 
rates (AAR). This software examines trends of gender, race, 
and stage through a linear approach that fits incidence rates 
for multiple years while standardizing incidence rates with 
the standard population. Maps plotting county-level inci-
dence rates of total and distant disease across the state in 
5-year time intervals were created using R software.

The stage distribution for renal cancer at the time of diag-
nosis was based on SEER Summary Staging system (in situ, 
local, regional, and distant) as defined by the PA Cancer 
Registry. In this system, the cancer was staged as in situ when 
it has not spread beyond the basement membrane of the 
epithelial tissue involved; local when the cancer is confined to 
the organ of origin; regional when the cancer extends beyond 
the original organ to nearby lymph nodes, organs, or tissues; 
and distant when the cancer extends to distant organs or 
lymph nodes. As such, the TNM system for classifying renal 
cancer is not used in this dataset.

Results
From 1990 to 2017, 59,628 cases of RCC were recorded in 
the state of Pennsylvania. Descriptive analysis of age, gender, 
and stage are shown in Table 1.

is 16.2 per 100,000 population with a total of 2700 cases 
reported in 2018 (4). Previous studies have highlighted that 
despite an increase in newly diagnosed RCC cases, mortal-
ity rates have decreased (5, 6). These observations are likely 
related to stage migration from enhanced imaging as well as 
improvements in treatment protocols.

RCC originates from the renal pelvis and is the most 
common primary renal neoplasm. RCC commonly occurs 
between the sixth and eighth decade of life and is twice as 
common to occur in males than in females (5). Numerous 
different subtypes of tumor exist, each with a unique molec-
ular mutation and clinical prognosis (7). The most common 
subtype is clear cell RCC, which represents 70–80% of all 
renal cancers and is regarded as the most aggressive subtype 
due its intrinsic high rates of metastasis and mortality (6).

Cigarette smoking and obesity are both well-established, 
modifiable risk factors for RCC. There has been an observed 
decline in cigarette smoking over the past several decades; 
however, recurrent toxin exposure takes years to manifest. 
Thus, while smoking rates are declining, their effects are 
only now being revealed as the population continues to age. 
Specifically for obesity, the relative risk of developing RCC 
is directly correlated to an individual’s BMI (6). Despite an 
observed decline in the prevalence of cigarette smoking, it 
is possible that the continued rise in RCC cases could be a 
result of increased obesity rates (8). Additional factors, such 
as hypertension, acquired and genetic kidney diseases, and 
environmental exposures, have been implicated in RCC, but 
these mechanisms are less understood.

Herein, we have reviewed 27 years of RCC data within 
Pennsylvania to better understand incidence and trends 
for RCC, staging of these cancers, and identify geographic 
“hot spots” with higher rates of disease.

Patients and Methods
Using the Pennsylvania Cancer Registry, age-adjusted renal 
cancer incidence rates per 100,000 population between 
1993 and 2017 were extracted through the Enterprise Data 
Dissemination Informatics Exchange (9). Since data were 
obtained from this publicly available database, this study 
was IRB exempt, and no informed consent was obtained. We 
used SEER site recodes to restrict our analysis to patients 
with Kidney and Renal Pelvis, which included International 
Classification of Diseases of Oncology, Third Edition/World 
Health Organization (ICDO-3/WHO) site codes of C649 
and C659, excluding histology codes of 9050-9055, 9140, 
9590-9992 (lymphomas, Kaposi sarcoma, and mesotheli-
oma). Traditionally, Surveillance, Epidemiology, and End 
Results SEER database combined Kidney and Renal Pelvis 
tumors  (10). Upper tract urothelial carcinoma (UTUC) 
is a relatively rare tumor, and includes carcinoma of the 
renal pelvis and carcinoma of the ureter, which account 

Table 1: Characteristics of patients diagnosed with renal cell 
carcinoma in the Pennsylvania Cancer Registry from 1990 
to 2017.

Variables Number of cases (Percent)

Total cases 59,628

Age
0–50
50+

8085 (13.6%)
51,543 (86.4%)

Gender
Female
Male

23,170 (38.9%)
36,457 (61.1%)

Race
Caucasian
Black

52,959 (88.8%)
5659 (9.5%)

Seer stage
In Situ
Local
Regional
Distant

975 (1.6%)
37,264 (62.5%)

9887 (16.6%)
9439 (15.8%)
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Figure 1 demonstrates AARs of all RCC cases stratified 
by stage. Overall, rates of RCC cases over the study interval 
increased from 9.9 patients to 18.0 patients per 100,000 pop-
ulation with an APC of 2.32 (95% CI = 1.74, 2.90, p < 0.01). 
This increase was primarily driven by increases in patients 
with local and regional disease. For patients with local dis-
ease, AARs increased from 5.4 to 12.7 patients per 100,000 
population with an APC of 3.23 (95% CI = 2.93, 3.53, p < 
0.01). Similarly, AARs of regional staged disease increased 
from 1.9 to 2.9 patients per 100,000 population with an APC 
of 1.00 (95% CI = 0.29–1.71, p = 0.01). Conversely, AARs 
of patients with distant staged disease were stable, from 2.0 
to 2.6 patients per 100,000 population with an APC of 0.23 
(95% CI = 0.24–0.70, p = 0.34). 

Rates of increase of RCC cases also demonstrated differ-
ences when stratified by age, gender, and race. Specifically, 
the APC for younger patients (<50 years) was significantly 
higher at 3.8% (95% CI = 3.39, 4.17) compared to their older 
counterparts (APC of 2.0%, 95% CI = 1.58, 2.44, p < 0.05), 
Figure 1. In addition, rates of increase were greater in males 
with an APC of 2.25 % (95% CI = 1.49, 3.01) compared to 
females with an APC of 2.09 % (95% CI = 1.74, 2.44, p < 
0.05), Figure 2. Finally, the APC for patients who are of 
African American race is slightly higher at 2.72 (95% CI = 
(2.31, 3.14) compared to patients who are of Caucasian race 
at 2.33 (95% CI = (1.55, 3.12) but did not reach statistical 
significance p > 0.05, Figure 3.

Figure 1: Stage-stratified, age-adjusted rates of RCC per 
100,000 population, 1990–2017.

Figure 2: Gender-stratified, age-adjusted rates of RCC per 
100,000 population, 1990–2017.

Figure 3: Race-stratified, age-adjusted rates of RCC per 
100,000 population, 1990–2017.

Figure 4 shows the geospatial investigation of total disease 
in the state of Pennsylvania delineated into its 67 counties 
through choropleth maps. Location was based on the home 
zip code of patients. As noted in the figure, there is a wide-
spread increase in the AAR of RCC with growing hotspots 
throughout the state from the time periods of 1993–1997 to 
2013–2017.
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Discussion
The goal of this study was to analyze data available from 
a large statewide cancer registry to evaluate the incidence, 
trends, and geographic distribution of newly diagnosed 
RCC. We found that approximately 86% of patients with 
RCC were in the older population (>50 years). In addition, 
there was a greater number of males (61%) diagnosed and an 
overwhelming majority was Caucasian (89%). Our results for 
the state of Pennsylvania are similar to the data discussed in 
other studies (1). In addition, most cases (>64%) were local-
ized, but a significant increase in both localized and regional 
disease was seen. Notably, one-third were advanced at the 
time of diagnosis, and classified as either regional or distant 
disease.

Overall, RCC incidence in Pennsylvania had nearly dou-
bled over the past 27 years, from 9.9 patients per 100,000 
population in 1990 to 18.0 patients per 100,000 population. 
This increase was primarily driven by the increase in local 
and regional defined disease. Fortunately, rates of distant 
disease remained stable. In addition, while there was an 
observed increase in disease incidence amongst both African 
Americans and Caucasians, the annual percentage increase 
was higher for African Americans at 2.72% when compared 

to Caucasians at 2.33%, although the difference between 
both groups did not reach statistical significance. These find-
ings are consistent with other population-based data (5).

Comparatively, rising trends in Pennsylvania was sim-
ilar to nationwide trends, where incidence of RCC in the 
United States increased from approximately eight patients 
per 100,000 population in 1992 to approximately 14 patients 
per 100,000 population in 2015. Although different states 
followed similar rising trends, reports showed significant 
variation of incidence of RCC; Alaska had the highest 
rates of RCC (21 per 100,000 population), whereas Utah 
and Hawaii (10 per 100,000 population) has the lowest rates 
of RCC  (14). Further research is needed to evaluate such 
important geographic variation.

Over the last 2 decades, worldwide incidence of RCC 
increased from 4.7 to 4.9 per 100,000 population and is pro-
jected to increase further (15). Incidence of RCC varied sig-
nificantly around the globe, where the United States had the 
highest incidence rate of RCC (11.7 per 100,000 population) 
followed by Western Europe (9.8 per 100,000 population) and 
Australia/New Zealand (9.2 per 100,000 population). Africa 
had the lowest incidence rates at below 0.2 per 100,000 popu-
lation (16). The United States and the United Kingdom had 

Kidney 1993–1997 Kidney 1998–2002

Kidney 2003–2007 Kidney 2008–2012

Kidney 2013–2017

Age Adjusted Rate
8.5–12.3
12.3–14.6
14.6–17
17–25
NA

Figure 4: Age-adjusted RCC incidence rates by county in 5-year intervals, 1990–2017.
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of urbanization, which may be attributed in part to the wide-
spread cross-sectional imaging even at small rural healthcare 
facilities.

This study has several limitations that we identified. The 
possibility of misclassification or unmeasured changes in 
stage reporting can be seen in any registry-based observa-
tional data. Also, registry observational studies lack stan-
dardized and centralized pathologic review. This impedes a 
uniform diagnostic assessment of the malignancies both in 
terms of diagnosis and stage. Lastly, selection bias is likely 
imbedded in the data collection process. However, these data 
strengthen our understanding of the incidence and geo-
graphic distribution of RCC, and how increasing prevalence 
of risk factors may influence its incidence.

Conclusions
Incidence of RCC has increased over the past three decades in 
Pennsylvania. These increases are predominantly driven by a 
greater diagnosis of localized disease, although one-third of 
the cases are regional or metastatic at presentation. Higher 
rates of increase were more pronounced in the younger, male 
population. Geospatial investigation implicates growing “hot 
spots” of RCC in certain parts of the state.
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