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Abstract

Background: For adolescents and young adults (AYAs, aged 15-39 years) with cancer, metastatic disease at diagnosis is the
strongest predictor of mortality, but its associations with age and sociodemographic factors are largely unexplored. Methods:
Using Surveillance, Epidemiology, and End Results Program data from 2000 to 2016, we collected incident cases of poor-
prognosis metastatic cancer (5-year survival < 50%) and compared the proportion, incidence, time trends, and incidence rate
ratios for race and ethnicity, sex, and socioeconomic status among AYAs, middle-aged adults (aged 40-64 years) and older
adults (aged 65-79 years). Results: From 2000 to 2016, a total of 17 210 incident cases of poor-prognosis metastatic cancer were
diagnosed in AYAs, 121 274 in middle-aged adults, and 364 228 in older adults. Compared with older patients, the proportion
of AYAs having metastatic disease was equivalent or substantially lower in nearly every site except stomach and breast can-
cers, which were statistically significantly higher for AYAs compared with middle-aged and older adults (stomach: 57.3% vs
46.4% and 39.5%; breast: 6.6% vs 4.4% and 5.6%, respectively; 2-sided P< .001 for all comparisons). Incidence rates rose signifi-
cantly faster among AYAs for breast, stomach, and kidney cancers and among AYAs and middle-aged adults for colorectal
cancer. Markedly higher incidence rate ratios were noted for AYA racial and ethnic minorities with breast, stomach, and es-
pecially kidney cancer, where only non-Hispanic Black AYAs were at considerably higher risk. For most sites, incidence rate
ratios were higher among male patients and individuals of low socioeconomic status across age groups. Conclusions: For
most cancers, AYAs are not more likely to present with metastases than middle-aged and older adults. Further investigation
is warranted for the disproportionate rise in incidence of metastatic breast, stomach, and kidney cancer among AYAs and
their excess burden among AYA racial and ethnic minorities. The rising incidence of colorectal cancer among AYAs and
middle-aged adults remains an additional concern.

During the past 3 decades, studies of cancer in adolescents
and young adults (AYAs, 15-39 years of age) have documented
multiple age-related disparities including poorer survival im-
provement (1,2), unfavorable tumor biology (3), excess
treatment-related toxicity (4), limited access to appropriate
care (5), low participation in clinical trials (6), heightened fi-
nancial vulnerability (7), and unique psychosocial needs (8).
As a result, increased resources for enhancing AYA cancer
care and research have led to improved outcomes (9-12), such
that 5-year survival for all AYAs combined now exceeds 84%
(13-18).

Unfortunately, substantially poorer survival continues to
plague certain AYA subsets defined by diagnosis, histology,
stage, sex, race and ethnicity, and socioeconomic status (SES)
(13,14,16,19-21). Of all these, having metastatic disease at diag-
nosis portends the worst outcome. Among AYAs with most
types of metastatic cancer, 5-year survival fails to reach 40%
and is much lower for many. For metastatic breast and colorec-
tal carcinoma, 5-year survival is only 15%-20% (16,19). For meta-
static melanoma and metastatic carcinomas of the kidney,
stomach, and lung, 5-year survival is less than 10% (16,19).
Adjusted for other factors, AYAs diagnosed with metastatic
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cancer have a 6-fold greater mortality than those with localized
disease (13). For breast, lung, stomach, and colorectal carci-
noma, as well as soft tissue sarcoma, AYAs with metastatic dis-
ease have an 8- to 14-fold higher risk of death than localized
tumors (13). For AYAs with metastatic melanoma and meta-
static carcinomas of the uterus and kidney, mortality risk is
more than 30-fold higher (13). Independent of cancer stage,
AYAs who are racial and/or ethnic minorities, male, or low SES
have statistically significantly poorer survival, a disparity that
actually worsened from 1988 to 2014 for non-Hispanic Blacks
(NHBs) and low SES (13,17). Collectively, these observations indi-
cate that a deeper understanding of metastatic cancer is needed
to achieve further meaningful improvements in AYA survival,
especially in the context of high-risk sociodemographic
subgroups.

Distinct patterns of sociodemographic and biological factors
are associated with certain high-risk metastatic and locore-
gional cancers in AYAs. For example, younger Black women are
more likely to develop the HER2-, estrogen-, and progesterone-
negative (triple negative) form of metastatic breast cancer (22-
24). Racial and ethnic minorities and younger adults with colo-
rectal carcinoma are more likely to have aggressive histologic
features and develop left-sided tumors (25-29). The incidence of
metastatic breast, colorectal, and uterine carcinoma is rising in
AYAs, although the role of race and ethnicity is not yet fully
characterized (30). Further, AYAs with cancer, especially minori-
ties and low SES, are disproportionately underinsured with im-
paired access to care possibly resulting in delayed diagnosis,
advanced stage disease, and lower survival (31-33). Despite this,
studies of cancer incidence in AYAs have not comprehensively
evaluated patterns of metastatic disease and their potential
associations with sociodemographic factors (30,34).

Given these gaps and the profound impact of metastatic dis-
ease on survival, we used recent data from the Surveillance,
Epidemiology, and End Results (SEER) program to compare the
incidence patterns of several metastatic cancers and their soci-
odemographic relationships between AYAs vs older patients.
Our overall objective was to determine whether age-related dif-
ferences exist within and across cancers by sociodemographic
factors. Using this landscape approach, we postulated our
results would yield insights about the AYA patient as a cancer
host and identify AYA subgroups at greatest risk for presenting
with metastatic disease, findings that could have potential
implications for AYA cancer care, prevention, and research.

Methods

Data Source and Cancer Selection

This was a population-based study utilizing SEER-18 registry
data. Patients were aged 15-79 years when diagnosed with se-
lected poor-prognosis, metastatic primary malignancies be-
tween January 2000 and December 2016. Patients with
subsequent primary cancers were excluded. Metastatic cancers
were defined as poor prognosis by having 5-year survival less
than 50%; this included bone tumors (osteosarcoma, chondro-
sarcoma, Ewing sarcoma, and others), melanoma, rhabdomyo-
sarcoma, other soft tissue sarcomas, and carcinomas of the
breast, cervix, uterus, ovary, colon-rectum, kidney, lung, and
stomach. Rhabdomyosarcoma was evaluated separately as it is
clinically and biologically distinct from other soft tissue sarco-
mas (35). Cervical and uterine cancers were examined sepa-
rately because of differences in biology, risk factors, and

screening. Kaposi sarcoma and non-Hodgkin lymphoma were
excluded because of their distinct HIV-associated epidemiology
(13,36).

Variable Definitions

Patients were divided into 3 age groups: AYA (15-39 years),
middle-aged adults, and older adults. Middle-aged adults were
defined as aged 40-64 years for all cancers except for breast and
colorectal cancer (both 40-49 years) and lung (40-54 years). Older
adults were defined as aged 65-79 years except for breast and
colorectal cancer (both 50-74 years) and lung (55-79 years); in
these sites, upper and lower ages were aligned with current US
Preventive Services Task Force screening recommendations
(37). For each case, stage at diagnosis (localized, regional, dis-
tant, unknown), sex (male, female), age at diagnosis, race, and
ethnicity (non-Hispanic White [NHW]; NHB; non-Hispanic Asian
and Pacific Islander; and Hispanic [all races]) were assessed.
Population denominator estimates were created by SEER using
an iterative proportional fitting algorithm that allocates multi-
racial populations to 1 of 4 single race categories at the census
tract level (38). Metastatic disease was denoted by “distant”
stage disease, defined by the SEER coding rule as “tumor which
has spread to body areas distant or remote from the primary
tumor” (39). For all age groups, the primary cancer site was iden-
tified using the SEER AYA site recode, which was developed spe-
cifically for the AYA population to reflect the impact of
histology over topography (40). Application of the histologically
defined AYA site recode to middle-aged and older adults maxi-
mized relevance of cross-age comparisons through more accu-
rate identification of the cancer types of interest.

The SEER census tract level SES index is a time-dependent
composite score constructed from 7 relevant census tract varia-
bles (41), including median household income, median house
value, median rent, percent less than 150% of poverty line, edu-
cation index, percent working class, and percent unemployed
(42,43). The SES indices are calculated for each year using cen-
sus data and a series of American Community Survey 5-year
estimates. SES scores are subsequently categorized into tertiles
with equal populations across the entire SEER catchment area.
Tertiles were chosen instead of quintiles to optimize case num-
bers for all cancers and were accessed through the SEER special-
ized census-tract level and rurality database.

Statistical Analyses

Incidence data were obtained using SEER*Stat software version
8.3.6. Proportion of metastatic compared with localized and re-
gional disease was calculated for each cancer site and compared
between age groups. v2 analysis with post hoc pairwise compar-
isons utilizing an adjusted 2-sided P value of .025 (Bonferroni
adjustment) was performed to determine if the proportion of
metastatic disease was statistically significantly different be-
tween AYAs and middle-aged adults and AYAs and older adults.
Age-adjusted incidence rates of metastases were estimated us-
ing the 2000 US standard population at 5-year age intervals and
are reported as counts per 100 000 population at risk (44).
Within each age group and by cancer, incidence rate ratios were
calculated by comparing incidence rates for sociodemographic
subgroups of interest with a designated reference group.
Reference groups for race and ethnicity, sex, and SES subgroups
were defined as NHWs, female, and high SES, respectively.
Incidence rate ratios for sociodemographic subgroups were
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then compared between age groups. Standard errors and 95%
confidence intervals were calculated using the Tiwari et al.
modification (45). To evaluate trends in incidence rates of meta-
static disease from 2000 to 2016, the age-adjusted annual per-
cent change was calculated using the weighted least squares
method with 95% confidence intervals for cancers with suffi-
cient cases, defined as more than 25 cases per year, in each age
group (44,46). Statistical significance of trends was evaluated for
the 2-sided null hypothesis that the annual percent change was
equal to zero (P< .05).

Results

Relative Proportion and Incidence of Metastatic Cancers

From 2000 to 2016, a total of 17 210 incident cases of poor-
prognosis metastatic cancer were diagnosed in AYAs, 121 274 in
middle-aged adults, and 364 228 in older adults. The proportion
of metastatic disease varied across cancer types, ranging from
less than 10% for melanoma to more than 50% for ovarian, stom-
ach, and lung cancer (Figure 1). For nearly all cancers, the propor-
tion of AYAs with metastatic disease was statistically
significantly lower than both middle-aged and older adults, ex-
cept for breast and stomach cancer where it was higher for AYAs
(Supplementary Table 1, available online). Within ovarian cancer,
only 38.9% of AYAs had metastatic disease compared with 77.3%
of older adults (P< .001). In contrast, within stomach cancer,
57.3% of AYAs presented with metastatic disease compared with
46.4% and 39.5% of middle-aged and older adults, respectively
(P< .001). Within colorectal cancer, the proportion of metastatic
disease was slightly lower in AYAs than middle-aged adults
(aged 40-49 years) but, for both groups, was higher than older
adults.

In general, age-adjusted incidence rates for metastatic can-
cers were lower for AYAs than for middle-aged and older adults,
particularly among breast, colorectal, ovarian, and lung (Table
1). Among AYAs, breast cancer had the highest incidence rate of
metastatic disease at 1.13 cases per 100 000, more than 1.5 to 2
times that of metastatic colorectal, ovarian, and lung cancer.
Rhabdomyosarcoma demonstrated the lowest incidence rate in
all age groups.

Time Trends

Trends in annual percent change from 2000 to 2016 indicate in-
cidence rates of metastatic disease are rising faster in AYAs
than middle-aged and older adults for all cancer sites except
melanoma, lung, and ovarian and statistically significantly
more so for breast, stomach, and kidney cancer (Figure 2;
Supplementary Table 2, available online). For metastatic breast
cancer, the magnitude of the increase was statistically signifi-
cantly larger among AYAs at almost 5% per year compared with
increases of 2% and less than 1% among middle-aged and older
adults, respectively. For metastatic colorectal cancer and soft
tissue sarcomas, incidence rates increased statistically signifi-
cantly for both AYAs and middle-aged adults and, for stomach
cancer, increased statistically significantly only among AYAs
but declined among older adults. Specifically, within AYAs with
colorectal cancer, the incidence of metastatic rectal cancer rose
annually at a faster rate than colon cancer (4.5% vs 2.6%, respec-
tively). This is in contrast to middle-aged adults, where the an-
nual percent change was almost identical for both colon and
rectal cancer (2.4% and 2.8%, respectively) and older adults

where the rates decreased by 1.7% and 0.33%, respectively.
Within kidney cancer, AYAs were the only group where the inci-
dence of metastatic disease increased.

Sociodemographic Patterns

To investigate potential risk differences by sociodemographic fac-
tors, incidence rate ratios were calculated among age groups within
each cancer. Racial and ethnic differences in the incidence of meta-
static cancer varied substantially between cancer type and age
(Figure 3). The most striking differences were clustered in stomach
cancer, where all racial and ethnic minorities in all age groups were
at statistically significantly higher risk than NHWs. However,
within every racial and ethnic subset, the risk for metastatic stom-
ach cancer was highest for AYAs with approximately 2- to 3.5-fold
greater risk. Across age groups and in multiple cancers, NHBs were
generally at higher risk than NHWs and other minority groups.
However, among NHBs, this risk was highest for AYAs with breast
and, particularly, kidney cancer, where the risk for NHB AYAs was
more than 3-fold higher than any other age or racial and ethnic
group. In soft tissue sarcoma, NHB AYAs and middle-aged adults
were similarly affected though to a lesser extent. Increased risks
were seen for racial and ethnic minorities with uterine, cervical,
and colorectal cancer, but the risk was generally lower for AYAs
compared with middle-aged and older adults.

Overall, there was a consistent pattern of excess risk for de-
veloping metastatic cancer among patients of middle and low
SES compared with those of high SES (Figure 4). The excess risk
for middle and low SES was highest for metastatic cancer of the
cervix, stomach, uterus, kidney, and lung. Within the middle
and low SES groups, the risk for AYAs was generally equal to or
lower than their older counterparts.

Finally, there was an approximately 2-fold greater risk for
male patients in almost every type of metastatic cancer across
age groups (Figure 5). For metastatic rhabdomyosarcoma and
soft tissue sarcoma, the excess risk for male AYAs was notably
higher than older male adults. For other cancers, the increased
risk for male patients was relatively lower for AYAs compared
with middle-aged and older adults.

Discussion

The presence of metastases at diagnosis is the strongest and most
consistent predictor of mortality for AYAs with cancer (13). In this
study, we used an age-stratified, population-based approach to
characterize the incidence patterns, time trends, and disparities of
high-risk metastatic cancer for AYAs and middle-aged and older
adults by sociodemographic factors known to be associated with
lower survival. Three major conclusions can be drawn from these
results. First, for nearly all cancers, the proportion of AYAs that
present with metastatic disease is similar to or statistically signifi-
cantly lower than middle-aged and older adults, with the promi-
nent exceptions of breast and, especially, stomach cancer. Second,
for nearly all cancers, the incidence of metastatic disease is rising
over time in AYAs and middle-aged and older adults but consider-
ably faster among AYAs for breast, stomach, and kidney cancer
and among AYAs and middle-aged adults for colorectal cancer.
Third, in most age groups and most cancers, the risk for having
metastatic disease is greatest among those who are NHB, Hispanic,
low SES, and/or male. Taken together, these findings suggest that,
with the important exceptions of breast, colorectal, kidney, and
stomach cancer discussed below, the burden of metastatic cancer
in AYAs is largely similar to that in older patients.
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Our finding of excess metastatic breast cancer in NHB AYAs
aligns with recent literature describing higher rates of triple-
negative breast cancer, a known aggressive molecular subtype
associated with increased metastases, in NHB women of all
ages (47-50). The concurrent 20% higher risk for metastases we
observed among AYAs with lower SES may implicate a connec-
tion between low SES and NHB race, as well as potential envi-
ronmental and biological associations that promote
development of aggressive disease. Studies that have examined
the association between neighborhood disadvantage and the
presence of aggressive features such as triple-negative breast
cancer suggest potential biological links mediated through
stress reactivity and stress-induced inflammation (51).
However, another study found that although low SES contrib-
utes to racial disparities in stage at diagnosis and survival
among triple-negative breast cancer, the incidence of triple-
negative breast cancer did not vary by SES (52). These relation-
ships require further in-depth study and novel approaches to
investigate the interplay between race and ethnicity, tumor bi-
ology, and the built environment associated with SES.

Our results regarding metastatic colorectal cancer are con-
sistent with other studies showing the incidence is rising dis-
proportionately among AYAs and younger middle-aged adults
(53). Whereas studies exploring sociodemographic characteris-
tics of colorectal cancer in AYAs have identified an increasing
incidence of nonmetastatic disease in young, NHB, low SES indi-
viduals (25,27), our results show the incidence rate is statisti-
cally significantly higher among NHBs for all age groups,
including AYAs, but similar for sex and SES level. This suggests
the increasing incidence rate of metastatic disease in AYAs and
younger middle-aged adults may be related to age-specific host
or environmental factors that have changed over time and pre-
dispose this population, particularly NHBs, to early onset colo-
rectal cancer. Notably, within AYAs, the disproportionate rise in
metastatic rectal cancer compared with colon cancer highlights
the need for further studies to better understand the etiology
and impact of this trend.

In stomach cancer, we found a disproportionately rising inci-
dence and overrepresentation of metastatic disease among

AYAs. In addition to the possibilities of biologically aggressive
disease or environmental factors, potential explanations in this
age group include delayed diagnosis because of clinically subtle
presentation, neglect of early symptoms, or barriers to access-
ing care. Additional research is needed to delineate these fac-
tors. Our subgroup analysis showed that AYA minorities,
especially Hispanics and non-Hispanic Asian and Pacific
Islanders, are disproportionately burdened with metastatic dis-
ease. These findings are consistent with recent reports docu-
menting excess stomach cancer among Hispanics (54). For
stomach cancer, potential mechanisms of metastases have
been tied to tumor microenvironment as well as dietary factors,
H pylori infection, and EBV infection (55). Studies showing in-
creased risk of H pylori infections in Hispanic adults may explain
the disproportionate burden of metastases seen in Hispanic
patients (56). Given that Hispanics with stomach cancer have
poorer outcomes than NHWs, this vulnerable group of AYAs
may be candidates for targeted screening, preventive, and ther-
apeutic strategies as expert groups develop consensus guide-
lines (56,57). A higher level of clinical suspicion among primary
care physicians caring for high-risk AYAs with persistent symp-
toms consistent with stomach cancer may also be warranted.

In this study, kidney cancer exhibited the most striking age-
related disparity. We discovered a recent, marked rise in incidence
rate of metastatic disease found only in AYAs and almost exclu-
sively among NHBs. We determined this observation was not
explained by interregistry variation or SEER coding changes rede-
fining metastatic renal carcinoma during our study period (58).
Whereas a rising incidence of all-stage (34) and nonmetastatic re-
nal carcinoma has been described and attributed to overdiagnosis
through incidental radiographic findings (59,60), this does not ex-
plain our results with metastatic disease, which is more likely to
be symptomatic and clinically detected. The known associations
between renal cell carcinoma, smoking (61), obesity, and hyperten-
sion (62), in conjunction with data indicating these risk factors oc-
cur disproportionately in NHBs (63-65), may explain our
observation through potential differences in host biology and
health behaviors. Additionally, the higher incidence of
translocation-positive renal cell carcinoma, an aggressive subtype

Figure 1. Stage distribution by cancer site and age group: Surveillance, Epidemiology, and End Results Program (2000-2016). Asterisk (*) indicates overall v2 with 2-sided

P< .001. A ¼ adolescent and young adult; M ¼middle-aged adult; O ¼ older adult; RMS ¼ rhabdomyosarcoma; STS ¼ soft tissue sarcoma (excluding rhabdomyosarcoma

and Kaposi sarcoma).
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associated with metastatic disease, in AYAs may contribute to the
rising incidence of metastatic disease (66,67).

This study has notable strengths and some limitations. A
key strength is the use of SEER registry data, a robust and reli-
able resource that permits identification of broad trends across
a variety of cancers, including rare tumors such as rhabdomyo-
sarcoma, a biologically distinct form of sarcoma prone to pre-
sent with metastases in the AYA age group. Although
evaluation of sociodemographic trends was limited in rhabdo-
myosarcoma because of the small number of patients in this
national sample, this study highlights the need for large-scale
collaborations to better understand risk factors in these rare
tumors. Another strength is including middle- and older-aged
adults as separate comparison groups, which provides a more
nuanced view of similarities and differences across the age
spectrum of adulthood. Potential limitations are those inher-
ent to registry-based research, including possible misclassifi-
cation of race or ethnicity provided by the reporting site and
use of area-based SES rather than individual level.
Additionally, the SEER registry currently does not delineate
cancer sites by molecular subtype, and detailed patient-level

treatment and clinical data are not available. These considera-
tions limit in-depth study of biologically focused characteris-
tics (68). For example, rhabdomyosarcoma was included in our
analysis as an important AYA cancer, yet comparison with
older patients is challenging to interpret in light of subtype dif-
ferences that vary by age, such as PAX3-FOXO1 fusions among
AYAs and pleomorphic histology among middle-aged and
older adults (69). In this and other forms of metastatic cancer
where differences in clinical behavior exist between AYAs and
middle-aged and older adults, future studies should make ev-
ery effort to account for histological and molecular subtypes
for more meaningful comparisons.

Nonetheless, provisional inferences can be drawn. The fact
that incidence patterns of metastatic cancer in AYAs are largely
similar to older patients suggests that age is not the decisive
factor for developing advanced stage disease in most malignan-
cies. Concerns have been raised about AYAs being generally
more prone to developing poor-prognosis cancers (3) and/or
having delayed diagnosis resulting in late-stage disease (70).
Given that we did not observe a consistent pattern of excess
metastatic disease in AYAs across many cancers and

Table 1. Age-adjusted incidence rate per 100 000 of metastatic disease by cancer site and age groupa

Cancer site

AYA Middle-aged adults Older adults

Rate (95% CI) No. Rate (95% CI) No. Rate (95% CI) No.

Breast
Distant 1.13 (1.09 to 1.18) 2672 5.29 (5.16 to 5.43) 5600 12.50 (12.33 to 12.67) 22 525
All stages 17.38 (17.21 to 17.55) 40 606 120.77 (120.12 to 121.43) 127 592 221.98 (221.29 to 222.67) 399 042

Colorectal
Distant 0.82 (0.79 to 0.85) 3917 5.29 (5.20 to 5.39) 11 152 16.88 (16.74 to 17.02) 57 369
All stages 3.27 (3.21 to 3.32) 15 657 20 (19.79 to 20.18) 42 089 74.57 (74.23 to 74.87) 252 408

Ovarian
Distant 0.59 (0.56 to 0.62) 1409 7.93 (7.81 to 8.04) 19 811 22.11 (21.76 to 22.47) 15 295
All stages 1.51 (1.46 to 1.56) 3623 12.95 (12.81 to 13.09) 32 011 28.54 (28.13 to 28.93) 19 780

Lung
Distant 0.55 (0.54 to 0.59) 2645 13.44 (13.31 to 13.57) 43 035 90.4 (90.04 to 90.77) 239 957
All stages 0.96 (0.93 to 0.98) 4530 20.08 (19.9 to 20.24) 64 339 148.62 (148.15 to 149.10) 392 371

Cervix
Distant 0.40 (0.37 to 0.42) 941 1.68 (1.63 to 1.73) 4026 1.86 (1.76 to 1.97) 1304
All stages 5.78 (5.68 to 5.88) 13 895 11.22 (11.10 to 11.37) 25 830 8.38 (8.16 to 8.59) 5876

Stomach
Distant 0.34 (0.33 to 0.36) 1647 2.59 (2.54 to 2.63) 12 591 8.1 (7.93 to 8.24) 10 128
All stages 0.6 (0.58 to 0.62) 2875 5.55 (5.48 to 5.61) 27 117 20.55 (20.30 to 20.81) 25 668

Soft tissue sarcoma
Distant 0.24 (0.23 to 0.25) 1194 0.83 (0.81 to 0.86) 3997 1.72 (1.65 to 1.79) 2175
All stages 1.79 (1.76 to 1.83) 8920 4.57 (4.51 to 4.63) 21 561 8.56 (8.4 to 8.72) 10 791

Bone
Distant 0.18 (0.17 to 0.19) 919 0.12 (0.11 to 0.13) 542 0.24 (0.21 to 0.27) 301
All stages 0.82 (0.79 to 0.84) 4188 0.71 (0.69 to 0.74) 3312 0.97 (0.92 to 1.03) 1234

Melanoma
Distant 0.15 (0.13 to 0.15) 720 0.89 (0.87 to 0.92) 4357 2.29 (2.2 to 2.37) 2869
All stages 6 (5.93 to 6.07) 29 604 20.63 (20.49 to 20.75) 97 770 37.82 (37.48 to 38.16) 47 907

Kidney
Distant 0.13 (0.12 to 0.14) 602 2.35 (2.3 to 2.39) 11 616 6.74 (6.60 to 6.89) 8530
All stages 1.51 (1.47 to 1.54) 7165 14.54 (14.43 to 14.65) 70 523 33.6 (33.29 to 33.93) 42 777

Uterus
Distant 0.09 (0.08 to 0.1) 216 1.71 (1.66 to 1.76) 4393 5.41 (5.24 to 5.59) 3777
All stages 2.24 (2.17 to 2.29) 5266 30.08 (29.86 to 30.29) 76 491 58.74 (58.18 to 59.32) 41 324

Rhabdomyosarcoma
Distant 0.06 (0.05 to 0.06) 311 0.04 (0.03 to 0.04) 174 0.08 (0.06 to 0.10) 101
All stages 0.13 (0.12 to 0.14) 692 0.09 (0.08 to 0.1) 431 0.18 (0.16 to 0.21) 235

aSurveillance, Epidemiology, and End Results Program (2000-2016). AYA ¼ adolescents and young adults; CI ¼ confidence interval.
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sociodemographic groups, our results support the need for a
more nuanced and cancer-specific approach. In particular,
AYAs with metastatic breast, colorectal, stomach, and kidney
cancer should be prioritized for more in-depth investigation of
potential risk factors that explain the rising incidence, increased
metastatic burden, and/or specific subgroup disparities ob-
served in this study. Breast and colorectal cancer are particu-
larly relevant, as these 2 cancers alone account for almost one-
fourth of all cancer-related deaths in AYAs (71). Ultimately,
such research could suggest a role for enhanced cancer detec-
tion or prevention strategies, and/or when coupled with similar
survival analyses, indicate the relative importance of host, tu-
mor, treatment, and/or health behaviors as outcome
determinants.
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Figure 2. Average annual percent change of metastatic disease incidence rates by cancer site: Surveillance, Epidemiology, and End Results Program (2000-2016). Bone,

rhabdomyosarcoma, and uterus not displayed because of insufficient cases (see the Methods section). Error bars indicate 95% confidence intervals. AYA ¼ adolescent

and young adult; MA ¼middle-aged adult; OA ¼ older adult; STS ¼ soft tissue sarcoma (excluding rhabdomyosarcoma and Kaposi sarcoma).

Figure 3. Incidence rate ratios of metastatic disease by race and ethnicity and age group: Surveillance, Epidemiology, and End Results Program (2000-2016). Reference

group is non-Hispanic White. Cancers with subgroup population denominators less than 50 000 not displayed to protect confidentiality. Error bars indicate 95% confi-

dence intervals. AYA ¼ adolescent and young adult; MA ¼middle-aged adult; NHAPI ¼ non-Hispanic Asian and Pacific Islander; NHB ¼ non-Hispanic Black; OA ¼ older

adult; STS ¼ soft tissue sarcoma (excluding rhabdomyosarcoma and Kaposi sarcoma).
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Figure 4. Incidence rate ratios of metastatic disease by socioeconomic status (SES) and age group: Surveillance, Epidemiology, and End Results Program (2000-2016).

Reference group is highest SES tertile. Error bars indicate 95% confidence intervals. AYA ¼ adolescent and young adult; MA ¼middle-aged adult; OA ¼ older adult; RMS

¼ rhabdomyosarcoma; STS ¼ soft tissue sarcoma (excluding rhabdomyosarcoma and Kaposi sarcoma).

Figure 5. Incidence rate ratios of metastatic disease for male patients by age group: Surveillance, Epidemiology, and End Results Program (2000-2016). Reference group

is female. Error bars indicate 95% confidence intervals. AYA ¼ adolescent and young adult; MA ¼middle-aged adult; OA ¼ older adult; RMS ¼ rhabdomyosarcoma; STS

¼ soft tissue sarcoma (excluding rhabdomyosarcoma and Kaposi sarcoma).
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Data Availability

Data was accessed from the SEER Census-Tract Level SES and
Rurality Database and is publicly available upon request at
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