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Background: The burden of renal cell carcinoma (RCC) in young adults received marginal attention. We assessed
contemporary gender, race and stage-speciﬁc incidence and trends of RCC among young adults (20–39 yearsold) in the United States.
Methods: Within Surveillance, Epidemiology, and End Results database (2000–2016), patients aged 20–39 years
with histologically conﬁrmed RCC were included. Age-standardized incidence rates (ASR per 100,000 personyears) were estimated. Temporal trends were calculated through joinpoint regression analyses to describe the
average annual percent change (AAPC).
Results: From 2000–2016, 7767 new RCC cases were recorded (ASR 0.6, AAPC + 5.0 %, p < 0.001). ASRs
were higher in males than in females (0.7 and 0.5, respectively) and increased signiﬁcantly in both genders
(AAPC + 5.0 % and +4.7 % both p < 0.001, respectively). Non-Hispanic American Indian/Alaska Native had
the highest incidence (ASR 1.0) vs. non-Hispanic Asian or Paciﬁc Islander the lowest (ASR 0.3). ASRs signiﬁcantly increased in all ethnic groups. T1aN0M0 and T1bN0M0 stages showed the highest incidence and
increase (ASR 0.3, AAPC + 5.9 %, p < 0.001 and ASR 0.1, AAPC + 5.7 %, p < 0.001, respectively). Also
regional and distant stages increased (AAPC + 3.7 %, p = 0.001 and AAPC + 1.5 %, p = 0.06). The most frequent tumor characteristics were G2 (44.4 %, ASR 0.3, AAPC + 6.3 %, p < 0.001) and G1 (13.1 %, ASR 0.1,
AAPC + 1.1 %, p = 0.2), as well as clear cell histology (54.8 %, ASR 0.3, AAPC + 7.6 %, p < 0.001).
Conclusions: RCC in young adults is rare, but increasing. This is mainly due to T1aN0M0 tumors. Nonetheless,
also regional diseases are signiﬁcantly increasing. Diﬀerences between ethnic groups exist and may warrant
further research.
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1. Introduction

United States standard population (19 age groups, United States Bureau
of the Census, Current Population Reports, Publication 25–1130
[Census P25–1130]). Age-standardized rates (ASRs) represented
weighted averages of age-speciﬁc rates, where weights corresponded to
proportions of persons in each age group of a standard population.
Zero- knot Joinpoint regression model identiﬁed changes in trends.
Additionally, the average annual percent change (AAPC), which uses
the underlying Joinpoint model, computed a summary measure of the
trend over a pre-speciﬁed ﬁxed interval (from 2000 to 2016) [12].
According to SEER reporting guidelines, ASRs were not reported for NH
unknown race, due to the low number of observations. Survival estimates were based on the Kaplan Meier estimator. Speciﬁcally, Kaplan
Meier-derived ﬁve-year cancer-speciﬁc survival rates calculated for
cases diagnosed between 2000 and 2011 and reported for the overall
population, as well as for all planned stratiﬁcations.
All statistical tests were two-sided with a level of signiﬁcance set at
p < 0.05. Analyses were performed using the R software environment
for statistical computing and graphics (version 3.4.1; http://www.rproject.org/) and SEER*Stat (version 8.3.5; https://seer.cancer.gov/
seer stat/).

Renal cell carcinoma (RCC) represents the eighth (4.2 %) most
frequently diagnosed cancer, with 65,340 new cases estimated for year
2018 in the United States alone [1]. Recent data showed that North
America has the highest RCC incidence worldwide, with a cumulative
risk of respectively 1.8 % in males and 0.9 % in females [2]. Generally,
RCC is most frequently diagnosed between ages 65–74 years with less
than 9% of new cases diagnosed in patients younger than 45 years [1].
Nonetheless, cancer in young adults may be a cause of premature
morbidity with long-lasting health and socioeconomic eﬀects. To date,
few studies large scale [3–6] addressed the topic of cancer burden incidence among young adults. Despite the strengths of these studies,
more granular information on incidence according to race, stage and
tumor characteristics in young adults is needed. Indeed, more detailed
information only derived from institutional series [7–9] that however
did not report on incidence rates.
We hypothesized that most RCCs in young adults are diagnosed as
low risk cancers, which would conﬁrm timely diagnosis. Nonetheless,
this may also imply over-diagnosis with risk of potential unnecessary
treatments and potential impairment of long-term kidney health. To
test these hypotheses, we assessed incidence rates of RCC in young
adults (20–39 years-old) in the United States, using the most recent
version of the SEER database (2000–2016). We reported on age-standardized incidence rates and trends over time in the overall population,
as well as after stratiﬁcation according to gender, race, stage and tumor
characteristics.

3. Results
3.1. Incidence and incidence trends
From 2000–2016, 7767 new RCC cases in young adults aged 20–39
years were recorded (Table 1). The average ASR was 0.6/100,000
person-years and signiﬁcantly increased from 0.4/100,000 person-years
in 2000 to 0.8/100,000 person-years in 2016 (AAPC + 5.0 %,
p < 0.001) (Fig. 1A).
Males (58.5 % of the cases) showed higher ASRs than females
(average ASRs 0.7/100,000 person-years vs. 0.5/100,000 person-years,
respectively). Incidence rates signiﬁcantly increased over time in both
males (AAPC + 5.0 %, p < 0.001) and females (AAPC + 4.7 %
p < 0.001) (Fig. 1B).
After stratiﬁcation according to ethnicity, NHW represented the
majority (56.7 %), followed by Hispanics (22.5 %), NHAA (13.0 %),
NHAPI (5.7 %) and NHAIAN (1.4 %). The ASRs were the highest in
NHAIAN (average ASR 1.0/100,000 person-years), followed by NHW
(ASR 0.6), NHAA (ASR 0.6), Hispanic (ASR 0.5) and NHAPI (ASR 0.3).
The ASRs signiﬁcantly increased over time in all ethnic groups
(Fig. 1C).
After stratiﬁcation according to stage, T1aN0M0 was the most frequent stage (51.4 %), followed by T1bN0M0 (19.8 %), T2N0M0 (12.1
%), regional (8.6 %), distant (6.5 %) and unknown (1.5 %). The ASRs
were the highest for T1aN0M0 stage (average ASR 0.3/100,000 personyears). A signiﬁcant increase over time was recorded for T1aN0M0
(AAPC + 5.2 %), T1bN0M0 (AAPC + 5.7 %), T2N0M0 (AAPC + 1.5
%) and regional stages (AAPC + 3.7 %). Conversely, the ASR of distant
and unknown stages did not signiﬁcantly change over time (Fig. 1D).
After stratiﬁcation according to grade, G2 was most frequent grade
(44.4 %) and along with G1 (13.1 %) accounted for most RCCs. The
ASR of G2 was the highest (average ASR 0.3/100,000 person-years) and
signiﬁcantly increased over time (AAPC + 6.3 %, p = 0.001).
Conversely, the ASR of G1 was the second lowest (average ASR 0.1/
100,000 person-years) and did not change over time. The ASRs of G3
and G4 grade increased over time (AAPC + 6.0 and +8.3 %, respectively), while the ASRs of GX grade remained stable (Fig. 1E).
After stratiﬁcation according to histology, clear cell was most frequent histology (54.8 %). The ASR of clear cell histology was the
highest (average ASR 0.3/100,000 person-years) and signiﬁcantly increased over time (AAPC + 7.6 %, p < 0.001). Similarly, the ASR of
non-clear cell histology signiﬁcantly increased over time (AAPC + 6.9
%, p < 0.001). Conversely, the ASRs of NOS RCC remained stable over
time (Fig. 1F).
After stratiﬁcation according to SES, the ASRs were the highest for

2. Materials and methods
2.1. Data source and study population
The SEER Program covers approximately 34.6 % of the U.S. population [10]. Within the SEER 18 registry database (2000–2016), we
focused on patients diagnosed with primary histologically conﬁrmed
tumors of renal parenchyma (International Classiﬁcation of Disease for
Oncology [ICD-O] site code C64.9). Young adults were deﬁned as those
aged from 20–39 years, according to the deﬁnition of the Adolescent
and Young Adult Oncology Progress Review Group [11]. Autopsy and
death certiﬁcates only cases were excluded. This study followed SEER
reporting guidelines. In accordance to the anonymous nature of SEER,
no formal ethical approval was required.
Race was coded according to SEER race and origin code, as Hispanic
within all races, non-Hispanic White (NHW), non-Hispanic AfricanAmerican (NHAA), non-Hispanic American Indian/Alaska Native
(NHAIAN), non-Hispanic Asian or Paciﬁc Islander (NHAPI) and individuals of non-Hispanic unknown race. Stage was coded according to
SEER summary stage (localized [T1−2N0M0] vs. regional [T3N0M0 or
TanyN1M0] vs. distant [T4NanyM0 or TanyNanyM1] vs. unknown
[TxNxMx]). Localized stage was further divided as T1aN0M0 vs.
T1bN0M0 vs. T2N0M0. Grade was coded according to the SEER fourgrade system from grade I, well- diﬀerentiated, which corresponds to
Fuhrman G1 to grade IV, undiﬀerentiated or anaplastic, which corresponds to Fuhrman G4 (G1 vs. G2 vs. G3 vs. G4 vs. GX). Histology was
coded as clear cell vs. non-clear cell (papillary, chromophobe, cyst-associated RCC, collecting duct and sarcomatoid) vs. non-speciﬁed (NOS).
Socioeconomic status was derived from an established combination of
median household income, percentage of population with at least a
high school education and percentage of population living 200 % below
poverty level and it was divided according to quartiles (1 quartile vs
2−3-4 quartiles).
2.2. Statistical analysis
Total counts and incidence rates were presented. Incidence rates per
100,000 person-years were age-adjusted and standardized to 2000
2
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Table 1
Age-standardized incidence rates of renal cell carcinoma and corresponding average annual percentage changes in young adult patients (20-39 years-old), identiﬁed
within the Surveillance, Epidemiology, and End Results database from 2000 to 2016.
Age- standardized incidencea

Overall
Gender
Male
Female
Raceb
NHW
NHAA
NHAPI
NHAIAN
Hispanic
Stage
T1aN0M0
T1bN0M0
T2N0M0
Regional
Distant
Unknown
Grade
G1
G2
G3
G4
GX
Histology
Clear cell
Non-clear cell
NOS RCC

Time trends

No. patients (%)

Average

From (2000)

To (2016)

AAPC

p

7767 (100)

0.6

0.4

0.8

+5.0

< 0.001

4547 (58.5)
3220 (41.5)

0.7
0.5

0.4
0.3

0.9
0.6

+5.0
+4.7

< 0.001
< 0.001

4386 (56.5)
1007 (13.0)
441 (5.7)
110 (1.4)
1744 (22.5)

0.6
0.6
0.3
1.0
0.5

0.4
0.6
0.2
0.7
0.3

0.9
0.7
0.4
1.9
0.8

+5.0
+3.4
+4.7
+5.5
+6.4

< 0.001
< 0.001
< 0.001
0.02
< 0.001

3995 (51.4)
1540 (19.8)
938 (12.1)
671 (8.6)
505 (6.5)
118 (1.5)

0.3
0.1
0.07
0.05
0.04
0.01

0.1
0.06
0.07
0.04
0.03
0.01

0.4
0.2
0.08
0.05
0.05
0.01

+5.9
+5.7
+1.5
+3.7
+1.5
+2.7

< 0.001
< 0.001
0.004
0.001
0.06
0.1

1016 (13.1)
3451 (44.4)
1325 (17.1)
284 (3.7)
1691 (21.8)

0.1
0.3
0.1
0.02
0.1

0.07
0.1
0.04
0.01
0.1

0.1
0.4
0.1
0.03
0.2

+1.1
+6.3
+6.0
+8.3
+2.4

0.2
< 0.001
< 0.001
< 0.001
0.06

4255 (54.8)
1548 (19.9)
1875 (24.1)

0.3
0.1
0.1

0.1
0.01
0.2

0.5
0.2
0.1

+7.6
+6.9
−3.8

< 0.001
< 0.001
< 0.001

Abbreviations. AAPC = average annual percentage changes; NHW = non-Hispanic White; NHAA = non-Hispanic African-American; NHAPI = non-Hispanic Asian
or Paciﬁc Islander; NHAIAN = non-Hispanic American Indian/Alaska Native; NOS RCC = non-otherwise speciﬁed renal cell carcinoma.
a
Age-standardized incidence rates are reported per 100,000 person/years and age-adjusted and standardized to 2000 United States Standard population (Census
P25–1130).
b
Due to low numbers, the results of non-Hispanic unknown race were not reported, according to SEER reporting guidelines.

time.
Stratiﬁcation according to SES showed similar ﬁve-year cancerspeciﬁc survival rates for both the lowest and highest quartiles that
marginally improved over time (91.4 %, AAPC + 0.4, p = 0.1 for 1quartile vs. 89.3 %, AAPC + 0.8, p < 0.001 for 2−3-4 quartiles).

the highest quartiles and increased to a similar extent for both the
lowest and highest quartiles (average ASR 0.1, AAPC + 5.2 %,
p < 0.001 for 1-quartile vs. average ASR 0.4, AAPC + 4.8 %,
p < 0.001 for 2−3-4 quartiles).

3.2. Renal cell carcinoma survival and survival trends
4. Discussion
The average ﬁve-year cancer-speciﬁc survival rates were 89.9 % in
the overall cohort, 88.6 % in males and 91.6 % in females and signiﬁcantly increased over time (Table 2, Fig. 2A-B).
Stratiﬁcation according to ethnicity (Fig. 2C) showed that NHW and
NHAA had respectively the highest (91.8 %) and lowest (81.7 %)
average ﬁve-year cancer-speciﬁc survival rates that signiﬁcantly increased in both ethnic groups over time. Conversely, ﬁve-year cancerspeciﬁc survival rates did not change over time in NHAPI, NHAIAN and
Hispanics.
Stratiﬁcation according to stage (Fig. 2D) showed that T1aN0M0
and T1bN0Mo stages were associated with highest ﬁve-year cancerspeciﬁc survival rates (99.3 and 97.3 %, respectively). Nonetheless, no
signiﬁcant changes over time in ﬁve-year cancer-speciﬁc survival rates
were recorded across all stages.
Stratiﬁcation according to grade (Fig. 2E) showed that lower grade
was associated with better survival rates: 98.3 % in G1, 97.7 % in G2,
79.0 % in G3 and 45.1 % in G4. However, over time ﬁve-year cancerspeciﬁc survival rates only signiﬁcantly improved for G3 tumors.
Stratiﬁcation according to histology (Fig. 2F) showed that clear cell
histology had the highest average ﬁve-year cancer-speciﬁc survival rate
(93.9 %). It was followed by non-clear cell histology with ﬁve-year
cancer-speciﬁc survival of 86.9 %. In both histological subtypes, the
ﬁve-year cancer-speciﬁc survival rates signiﬁcantly increased over

Few previous reports investigated cancer incidence trends in young
adults [3–5]. Moreover, these previous reports also focused on the
whole cancer spectrum, without providing the ability to focus on RCC.
In those reports [3–5], diﬀerent age deﬁnition were used (15–39 years
[3] vs. 20–39 years [4] vs. 25–39 years[5]). However, regardless of age
deﬁnition, consistently low ASRs that were nonetheless increasing over
time [5] were reported. These omissions may mask important diﬀerences in RCC distribution in young adults. In consequence, we focused
on gender and race, as well as stage, grade and histology, in the most
contemporary version of the SEER database (2000–2016). We hypothesized that young adults will be diagnosed at lowest stage and
grade. Moreover, we also hypothesized that potential diﬀerences may
exist according to ethnic groups. Our results showed several noteworthy
ﬁndings.
First, average RCC incidence rates in young adults were 0.6/
100,000 person-years and signiﬁcantly increased from 2000 to 2016
(AAPC + 5.0 %). Our results validate previous studies, where a signiﬁcant increase in RCC incidence in adolescent and young adults was
reported [3–5]. Additionally, the incidence rates in young adults are
much lower than those recorded for the general population [2,13–15],
where incidence rates ranged from 9.4 to 12.0/100,000 person-years.
These ﬁndings corroborate that RCC represents a rare entity in young
3
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Fig. 1. Incidence and trends over time of renal cell carcinoma in young adults (20-39 years-old) in the United States from 2001 to 2016, displayed in the entire cohort
(A) and by gender (B), race (C), stage (D), grade (E) and histology (F).
Abbreviations. RCC renal cell carcinoma; ASRs age-standardized incidence rates; AAPC average annual percentage changes; NHW non- Hispanic White; NHAA nonHispanic African- American; NHAPI non-Hispanic Asian or Paciﬁc Islander; NHAIAN non-Hispanic American Indian/Alaska Native; NOS non-otherwise speciﬁed.
Incidence rates were reported per 100,000 person/years and were age-adjusted and standardized to 2000 United States standard population (Census P25–1130).
Temporal trends were calculated through joinpoint regression analyses to describe the average annual percent change.

survival rates over time. It should be noted that for some groups, differences in survival may be due to low number rather than real difference. These observations are in agreement with a previous study that
investigated overall mortality among adolescent and young adults [18].
Although, in this report race and ethnicity were not mutually exclusive
and the endpoint was overall rather than cancer-speciﬁc mortality,
these observations suggest that some ethnic groups may harbor more
renal cancers of more aggressive nature. Indeed, diﬀerences in wellestablished risk factors prevalence, such as smoke and hypertension,
have been demonstrated across ethnic groups. For example, current
cigarette smoking has the highest prevalence among NHAIAN and the
lowest among NH Asian [20]. Higher rates of hypertension are recorded
within NHAA, compared to NHW, while Hispanics and NH Asian have
lower rates than both groups [21]. Finally, speciﬁc genetic and environmental factors may also play a prominent role in developing RCC
in diﬀerent ethnic groups. These groups may represent prime targets for
further studies.
Fourth, T1aN0M0 RCC showed the highest ASR (0.3/100,000
person-years), as well as the highest increase over time (AAPC + 5.9
%), followed by T1bN0M0 (AAPC + 5.7 %). Nonetheless, also regional
and distant stages showed an increase over time (AAPC + 3.7 %,
p = 0.001 and AAPC + 1.5 %, p = 0.06, respectively). These ﬁndings
are in agreement with Kehm et al. [5] that showed a signiﬁcant increase
in both localized and, to a lesser extent, regional stages in patients aged
25–39 years from 1975 to 2015. Moreover, they are also in agreement
with data from the general population that showed highest ASRs for
localized stage [13,16]. These ﬁndings may be at least partially attributable to the increasing use of cross-sectional imaging that leads to
early diagnosis, as we postulated. However, this may also imply overdiagnosis with risk of potentially unnecessary treatments eventually

adults, since its incidence is 50-fold lower than that of the general
population. However, although an increase in ASRs has been consistently reported for the general population [13,16,17], the magnitude
of this increase seems to be inferior to the one reported in the current
study, as well as in previous analyses of young adults [5].
Second, to date only one large scale study addressed potential incidence gender diﬀerences in incidence rates [4]. Speciﬁcally, worldwide incidence rates were 0.7 vs. 0.5/100,000 person-years and accounted for 2.2 % and 0.9 % of all new cancer diagnosis in young
adults, in respectively males and females. The current analyses conﬁrm
a male predilection (0.7 vs 0.5/100,000 person-years). The higher absolute value in males validates the eﬀect of maleness, as a risk factor for
RCC in young adults. Nonetheless, virtually the same time trends were
recorded for both genders, with a similar increase in incidence rates
over time. Conversely, survival rates increased more in males
(AAPC + 1.0 %) than in females (AAPC + 0.4 %). Nonetheless, higher
absolute ﬁve-year cancer-speciﬁc survival rates were reported in females (91.6 vs. 88.6 %). These diﬀerences are in agreement with those
reported by Moke et al. [18], where female gender was associated with
lower mortality. These diﬀerences may be attributable to a more favorable stage and grade distribution in females, as previously described
[19].
Third, racial disparities in RCC incidence have not been examined in
young adults in the United States. Our analyses showed that NHAIAN
and NHAPI had respectively the highest and the lowest ASRs, while
Hispanics exhibited the highest increase over the study period. These
ﬁndings are similar to those recently reported for the general population [16,17]. Additionally, average cancer-speciﬁc survival rates were
highest for NHW and lowest for NHAA. Nonetheless, NHW and NHAA
were the only two groups that exhibited a signiﬁcant increase in
4
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Table 2
Five-year cancer-speciﬁc survival rates of renal cell carcinoma and corresponding average annual percentage changes in young adult patients (20-39 years-old),
identiﬁed within the Surveillance, Epidemiology, and End Results database from 2000 to 2011.
Five-year cancer-speciﬁc survivala

Overall
Gender
Males
Females
Raceb
NHW
NHAA
NHAPI
NHAIAN
Hispanic
Stage
T1aN0M0
T1bN0M0
T2N0M0
Regional
Distant
Unknown
Grade
G1
G2
G3
G4
GX
Histology
Clear cell
Non-clear cell
NOS RCC

Time trends

Average

From 2000 (95 % CI)

To 2011 (95 % CI)

AAPC

p

89.9

86.2 (82.4−90.3)

91.5 (89.1−94.0)

+0.7

< 0.001

88.6
91.6

84.9 (79.6−90.5)
88.0 (82.5−93.9)

90.3 (87.0−93.7)
93.5 (90.1−97.1)

+1.0
+0.4

< 0.001
0.04

91.8
81.7
86.2
90.4
90.8

89.3 (84.8−93.9)
73.8 (63.1−86.7)
75.0 (54.1−100)
100.0 (100−100)
90.5 (82.1−99.8)

93.4
89.7
84.1
80.0
91.3

(90.4−96.4)
(83.2−96.7)
(73.7−96.7)
(51.6−100)
(86.0−96.9)

+0.7
+2.2
+0.7
−0.7
+0.08

0.01
< 0.001
0.3
0.6
0.7

99.3
97.3
94.8
73.9
16.4
83.2

98.3
95.6
92.8
73.6
25.5
83.3

(95.9−100)
(89.8−100)
(86.3−99.8)
(60.8−89.1)
(13.3−48.6)
(58.2−100)

99.2
96.8
96.3
61.5
11.4
85.7

(98.1−100)
(93.3−100)
(99.8−100)
(48.0−78.8)
(3.1−41.2)
(63.3−100)

+0.1
+0.2
+0.4
−0.1
−1.0
+0.3

0.2
0.4
0.2
0.9
0.8
0.9

98.3
97.7
79.0
45.0
81.6

100.0 (100−100)
95.3 (91.3−99.4)
61.1 (47.1−79.3)
50.0 (22.5−100)
80.0 (72.1−79.7)

98.0
99.1
84.7
43.5
86.5

(94.2−100)
(99.4−100)
(77.3−92.7)
(27.3−69.3)
(79.7−93.9)

+0.1
+0.2
+3.2
+3.4
+0.5

0.4
0.05
0.01
0.2
0.3

93.9
86.9
84.7

90.8 (84.9−97.1)
83.3 (58.3−100)
84.3 (79.3−89.5)

95.5 (93.1−97.9)
89.6 (83.7−95.9)
82.1 (74.8−89.9)

+0.5
+0.9
+0.1

0.01
0.01
0.6

Abbreviations. CI= conﬁdence intervals; AAPC = average annual percentage changes; NHW = non-Hispanic White; NHAA = non- Hispanic African-American;
NHAPI = non-Hispanic Asian or Paciﬁc Islander; NHAIAN = non-Hispanic American Indian/Alaska Native; NOS RCC = non- otherwise speciﬁed renal cell carcinoma.
a
Kaplan Meir-derived ﬁve-year cancer-speciﬁc survival rates. Temporal trends were calculated through joinpoint regression analyses to describe the average
annual percent change.
b
Due to low numbers, the results of non-Hispanic unknown race were not reported, according to SEER reporting guidelines.

RCC patients, a male predilection was recorded. Diﬀerences in both
incidence and survival emerged across diﬀerent ethnic groups that may
warrant further researches. Similar to older RCC patients, young adults
were predominantly diagnosed with localized stage, low grade tumors
or clear cell histology. Overall, ﬁve-year cancer-speciﬁc survival rates
were high and showed an increase over time. Our ﬁndings suggest that
despite the rarity of this disease, young adults seem to be promptly
investigated and diagnosis is not delayed. The increasing incidence in
young adults can be explained on the basis of ascertainment bias, due to
over-diagnosis of small renal masses. Nonetheless, increasing incidence
of higher stages, as well as similar increase in both the lowest and
highest SES quartiles, may also suggest that a real increase in RCC incidence in young adults is occurring. Finally, further studies are needed
to assess health-care needs in survivors, that may face lifelong risks to
their physical, psychosocial, and ﬁnancial health [25].
Our study is not devoid of limitations. First, our ﬁndings that relied
on the United States population may not be generalizable to other
Western countries. Second, although SEER relied on data-collecting
protocols, missing information on stage and grade, as well as nonstandardized histopathological review, may represent biases of the
current study. Third, misclassiﬁcation in race and ethnicity may have
occurred. Furthermore, cancer rates for broad racial/ethnic groups such
as Hispanic and API may mask important variation by county of origin.
Additionally, low counts prevented us to further analyze stage distribution and trend over time within each ethnic group. Fourth, no
standardized specimen handling, as well as no central histological review, was applied within the SEER database. Finally, it was not possible
to account for some well-recognized risk factors, such as smoking,
obesity and occupational exposure [26–29], since these data are not
available in the SEER database.

leading to renal function impairment. Nonetheless, the signiﬁcant increase in T1bN0M0, T2N0M0 and regional stages incidence may also
suggest a real incidence RCC increase in young adults. Finally, survival
rates remained stable over time, showing very low rates of ﬁve-year
cancer speciﬁc mortality for T1aN0M0 and T1bN0M0.
Fifth, we are the ﬁrst to report on incidence rates according grade
and histology. Here, we validate our hypothesis that most RCC are diagnosed at lower grade (G1-G2) and with clear cell histology. These
ﬁndings are encouraging, since grade is a well-known unfavorable
prognostic risk factor in RCC [22] and clear cell histology can be treated
with the largest spectrum of therapeutic measures that vastly exceed
those available for non-clear cell. However, we also recorded an increase both higher grade (G3 or G4). The increase in non-clear cell
histology is diﬃcult to interpret due to low counts and lack of ability to
further stratify non-clear cell histology patients according to speciﬁc
histological subgroups and stage. Nonetheless, we recorded an increase
in survival of G3 and non-clear cell tumors. These ﬁndings are highly
encouraging and may suggest that an increasing proportion of favorable
non-clear cell histology subtypes is diagnosed [23,24]. Nonetheless, this
increase may be attributable to a decrease overtime in assignment of
NOS RCC.
Sixth, the lowest SES quartile showed the lowest ASR, suggesting
that poorer people who eventually have limited access to medical care
may be underdiagnosed. Nonetheless, the similar incidence increased
over time in both the lowest and highest quartiles may also suggest that
socioeconomic factors and diﬀerent access to medical care may not
explain at all the rising incidence of RCC.
Taken together, RCC incidence rates in young adults were low but
increased over time. This increase seems to be higher in young adults
relative to that reported in the entire population. Similar to the older
5
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Fig. 2. Five-year cancer-speciﬁc survival and trends over time of renal cell carcinoma in young adults (20-39 years-old) in the United States from 2001 to 2011,
displayed in the entire cohort (A) and by gender (B), race (C), stage (D), grade (E) and histology (F).
Abbreviations. RCC = renal cell carcinoma; ASRs = age-standardized incidence rates; AAPC = average annual percentage changes; NHW = non-Hispanic White;
NHAA = non-Hispanic African-American; NHAPI = non-Hispanic Asian or Paciﬁc Islander; NHAIAN = non-Hispanic American Indian/Alaska Native; NOS = nonotherwise speciﬁed.
Fivecancer- speciﬁc survival rates were Kaplan Meir-derived and calculated for patients diagnosed from 2001 to 2011. Temporal trends were calculated through
joinpoint regression analyses to describe the average annual percent change.
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5. Conclusions
RCC in young adults is rare, but increasing. This is mainly due to
T1aN0M0 tumors. Nonetheless, also regional diseases are signiﬁcantly
increasing. Diﬀerences between ethnic groups exist and may warrant
further research.
Authorship contribution statement

Declaration of Competing Interest
All the authors have made signiﬁcant contribution to the manuscript.

All the authors declare no potential conﬂict of interest to disclose
Acknowledgement

Funding sources

None.

This research did not receive any speciﬁc grant from funding
agencies in the public, commercial, or not-for- proﬁt sectors.

References
CRediT authorship contribution statement
[1] R.L. Siegel, K.D. Miller, A. Jemal, Cancer statistics, 2018: cancer statistics, 2018,
CA. Cancer J. Clin. 68 (1) (2018) 7–30, https://doi.org/10.3322/caac.21442.
[2] U. Capitanio, K. Bensalah, A. Bex, et al., Epidemiology of renal cell carcinoma, Eur.
Urol. 75 (1) (2019) 74–84, https://doi.org/10.1016/j.eururo.2018.08.036.
[3] R.D. Barr, L.A.G. Ries, D.R. Lewis, et al., Incidence and incidence trends of the most
frequent cancers in adolescent and young adult Americans, including “nonmalignant/noninvasive” tumors, Cancer 122 (7) (2016) 1000–1008, https://doi.
org/10.1002/cncr.29867.
[4] M.M. Fidler, S. Gupta, I. Soerjomataram, J. Ferlay, E. Steliarova-Foucher, F. Bray,
Cancer incidence and mortality among young adults aged 20–39 years worldwide in
2012: a population-based study, Lancet Oncol 18 (12) (2017) 1579–1589, https://
doi.org/10.1016/S1470-2045(17)30677- 0.
[5] R.D. Kehm, W. Yang, P. Tehranifar, M.B. Terry, 40 Years of change in age- and
stage-speciﬁc cancer incidence rates in US women and men, JNCI Cancer Spectr 3

Carlotta
Palumbo:
Conceptualization,
Formal
analysis,
Investigation, Methodology, Writing - original draft. Angela Pecoraro:
Data curation, Methodology, Visualization, Writing - review & editing.
Giuseppe Rosiello: Data curation, Methodology, Visualization, Writing
- review & editing. Stefano Luzzago: Data curation, Methodology,
Visualization, Writing - review & editing. Marina Deuker: Data curation, Methodology, Visualization, Writing - review & editing. Franziska
Stolzenbach: Data curation, Methodology, Visualization, Writing - review & editing. Zhe Tian: Data curation, Formal analysis, Validation.
Shahrokh F. Shariat: Investigation, Writing - review & editing.
6

Cancer Epidemiology 67 (2020) 101762

C. Palumbo, et al.

pkz031.
[19] M. May, A. Aziz, R. Zigeuner, et al., Gender diﬀerences in clinicopathological features and survival in surgically treated patients with renal cell carcinoma: an
analysis of the multicenter CORONA database, World J. Urol. 31 (5) (2013)
1073–1080, https://doi.org/10.1007/s00345-013-1071- x.
[20] M.R. Creamer, T.W. Wang, S. Babb, et al., Tobacco product use and cessation indicators among adults - United States, 2018, MMWR. Morb. Mortal. Wkly. Rep. 68
(45) (2019) 1013–1019, https://doi.org/10.15585/mmwr.mm6845a2.
[21] S.S.S. Yoon, M.D. Carroll, C.D. Fryar, Hypertension prevalence and control among
adults: United States, 2011- 2014, NCHS Data Brief. (220) (2015) 1–8.
[22] M. Sun, G. Lughezzani, C. Jeldres, et al., A proposal for reclassiﬁcation of the
fuhrman grading system in patients with clear cell renal cell carcinoma, Eur. Urol.
56 (5) (2009) 775–781, https://doi.org/10.1016/j.eururo.2009.06.008.
[23] M. Daugherty, D. Sedaghatpour, O. Shapiro, S. Vourganti, A. Kutikov,
G. Bratslavsky, The metastatic potential of renal tumors: inﬂuence of histologic
subtypes on deﬁnition of small renal masses, risk stratiﬁcation, and future active
surveillance protocols, Urol. Oncol. Semin. Orig. Investig. 35 (4) (2017) 153,
https://doi.org/10.1016/j.urolonc.2016.11.009 e15- 153.e20.
[24] A. Kaldany, D.J. Paulucci, M. Kannappan, et al., Clinicopathological and survival
analysis of clinically advanced papillary and chromophobe renal cell carcinoma,
Urol. Oncol. Semin. Orig. Investig. (2019), https://doi.org/10.1016/j.urolonc.
2019.05.008 Published online June:S1078143919301942.
[25] S.J. Nass, L.K. Beaupin, W. Demark-Wahnefried, et al., Identifying and addressing
the needs of adolescents and young adults with cancer: summary of an institute of
medicine workshop, Oncologist 20 (2) (2015) 186–195, https://doi.org/10.1634/
theoncologist.2014- 0265.
[26] M.G. Cumberbatch, M. Rota, J.W.F. Catto, C. La Vecchia, The role of tobacco smoke
in bladder and kidney carcinogenesis: a comparison of exposures and meta-analysis
of incidence and mortality risks, Eur. Urol. 70 (3) (2016) 458–466, https://doi.org/
10.1016/j.eururo.2015.06.042.
[27] M. Blüher, Obesity: global epidemiology and pathogenesis, Nat. Rev. Endocrinol. 15
(5) (2019) 288–298, https://doi.org/10.1038/s41574-019-0176- 8.
[28] C.M. Micallef, K.D. Shield, I. Baldi, et al., Occupational exposures and cancer: a
review of agents and relative risk estimates, Occup. Environ. Med. 75 (8) (2018)
604–614, https://doi.org/10.1136/oemed-2017- 104858.
[29] T. Stocks, M. Van Hemelrijck, J. Manjer, et al., Blood pressure and risk of cancer
incidence and mortality in the metabolic syndrome and cancer project, Hypertens
Dallas Tex 1979 59 (4) (2012) 802–810, https://doi.org/10.1161/
HYPERTENSIONAHA.111.18925 8.

(3) (2019), https://doi.org/10.1093/jncics/pkz038.
[6] E.E. Cook, A. MacMillan, S.T. Gershman, Cancer among adolescents and Young
adults in Massachusetts from 2004 to 2014, J. Adolesc. Young Adult Oncol 7 (4)
(2018) 493–498, https://doi.org/10.1089/jayao.2018.0005.
[7] S.E. Eggener, J.N. Rubenstein, N.D. Smith, et al., Renal tumors in young adults, J.
Urol. 171 (1) (2004) 106–110, https://doi.org/10.1097/01.ju.0000099028.
95679.52.
[8] X. Taccoen, A. Valeri, J.-L.-L. Descotes, et al., Renal cell carcinoma in adults 40
years Old or less: Young age is an independent prognostic factor for cancer-speciﬁc
survival, Eur. Urol. 51 (4) (2007) 980–987, https://doi.org/10.1016/j.eururo.2006.
10.025.
[9] A. Aziz, M. May, R. Zigeuner, et al., Do young patients with renal cell carcinoma
feature a distinct outcome after surgery? A comparative analysis of patient age
based on the multinational CORONA database, J Urol. 191 (2) (2014) 310–315,
https://doi.org/10.1016/j.juro.2013.08.021.
[10] About the SEER Program, SEER, 2019 Accessed June 26 https://seer.cancer.gov/
abou t/overview.html.
[11] Adolescent and Young Adult Oncology Progress Review Group. Closing the gap:
research and care imperatives for adolescent.
[12] H.J. Kim, M.P. Fay, E.J. Feuer, D.N. Midthune, Permutation tests for joinpoint regression with applications to cancer rates, Stat. Med. 19 (3) (2000) 335–351.
[13] S.C. King, L.A. Pollack, J. Li, J.B. King, V.A. Master, Continued increase in incidence
of renal cell carcinoma, especially in Young patients and High grade disease: United
States 2001 to 2010, J Urol. 191 (6) (2014) 1665–1670, https://doi.org/10.1016/j.
juro.2013.12.046.
[14] W.-H.-H. Chow, S.S. Devesa, Contemporary epidemiology of renal cell cancer,
Cancer J 14 (5) (2008) 288–301, https://doi.org/10.1097/PPO.
0b013e3181867628.
[15] M. Sun, R. Thuret, F. Abdollah, et al., Age-adjusted incidence, mortality, and survival rates of stage-speciﬁc renal cell carcinoma in North America: a trend analysis,
Eur. Urol. 59 (1) (2011) 135–141, https://doi.org/10.1016/j.eururo.2010.10.029.
[16] K.A. Cronin, A.J. Lake, S. Scott, et al., Annual report to the nation on the Status of
cancer, part I: national cancer statistics, Cancer 124 (13) (2018) 2785–2800,
https://doi.org/10.1002/cncr.31551.
[17] A. Jemal, E.M. Ward, C.J. Johnson, et al., Annual report to the nation on the Status
of cancer, 1975–2014, featuring survival, JNCI J. Natl. Cancer Inst. 109 (9) (2017),
https://doi.org/10.1093/jnci/djx030.
[18] D.J. Moke, K. Tsai, A.S. Hamilton, et al., Emerging cancer survival trends, disparities, and priorities in adolescents and young adults: a California cancer registrybased study, JNCI Cancer Spectr 3 (2) (2019), https://doi.org/10.1093/jncics/

7

