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Simple Summary: Despite significant survival improvements for adolescents and young adults
(AYAs) with cancer overall, several subsets of AYAs lag behind. This is especially true for AYAs
diagnosed with metastatic disease, where, for many types of cancer, fewer than 20% of patients are
alive 5 years later. Which sociodemographic subgroups of AYAs are at highest risk for presenting
with metastatic disease is not well understood. In this study using United States Surveillance,
Epidemiology, and End Results Program data, we found significantly increased risk of metastatic
disease across many cancer sites for non-Hispanic Blacks, males, and low socioeconomic status
AYAs. In particular, metastatic melanoma was striking for demonstrating multiple sociodemographic
disparities. Results of this study shed light on the relative roles of age, race/ethnicity, sex, and
socioeconomic status in metastatic disease presentation. These will inform future, cancer-specific
research to elucidate biological, social, and environmental mechanisms underlying these associations
with metastatic disease.

Abstract: Having metastatic disease at diagnosis poses the great risk of death among AYAs with
cancer from all sociodemographic subgroups. This “landscape” study utilized United States Surveil-
lance, Epidemiology, and End Results Program data from 2000-2016 to identify subgroups of AYAs at
highest risk for presenting with metastases across twelve cancer sites having a poor-prognosis (5-year
survival <560% with metastases). Adjusted odds ratios for risk of metastatic disease presentation were
compared for AYAs in aggregate and by sociodemographic subgroup (race/ethnicity, sex, socioeco-
nomic status [SES]). In general, AYAs who were male, racial/ethnic minorities, or low SES were at
consistently greatest risk of metastases. Strikingly, having metastatic melanoma was independently
associated with multiple AYA sociodemographic subgroups, including males (aOR 3.11 [95% CI
2.64-3.66]), non-Hispanic Blacks (4.04 [2.32-7.04]), Asian Pacific Islanders (2.99 [1.75-5.12]), Hispanics
(2.37 [1.85-3.04]), and low SES (2.30 [1.89-2.80]). Non-Hispanic Blacks were more likely to present
with metastatic cancer in all sites, except for bone, rhabdomyosarcoma, and stomach. Low SES
AYAs are more likely to present with metastatic melanoma, bone tumors, soft tissue sarcomas, breast,
cervical, lung, and stomach carcinomas. Building on these results, future cancer-specific studies
should investigate the connection between sociodemographic risk factors and biological drivers of
metastases. This line of research has potential to inform targeted public health and screening efforts
to facilitate risk reduction and earlier detection of these deadly diseases.

Keywords: Adolescents; young adults; incidence; race/ethnicity; sex; socioeconomic status; metastatic
cancer; metastatic disease; AYAs
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1. Introduction

Although 5-year aggregate survival for newly diagnosed cancer in adolescents and
young adults (AYAs, 15-39 years old) now exceeds 85%, it is poorer for certain patient
subsets, including racial/ethnic minorities, males, and those of low socioeconomic status
(SES) [1-4]. However, being diagnosed with metastatic disease carries the worst prognosis
by far. In AYAs with metastatic cancer, five-year survival is below 40% for most types and
much lower for many. For metastatic breast and colorectal carcinoma, 5-year survival is
only 15-20% and is less than 10% for metastatic melanoma and metastatic carcinomas of the
kidney, stomach, and lung [5,6]. In aggregate, adjusted mortality for AYAs diagnosed with
metastatic cancer is 6-fold greater than those with localized disease [1]. For breast, lung,
stomach, and colorectal carcinoma, as well as soft tissue sarcomas, AYAs with metastatic
versus localized disease have an 8 to 14-fold higher risk of death, and a 30-fold higher risk
with metastatic melanomas and carcinomas of the uterus and kidney [1]. These risks equate
to substantial numbers of patients, as exemplified by newly diagnosed metastatic breast
and colon cancer, which affect approximately 880 and 1296 AYAs annually [2].

Factors driving risk of metastatic disease presentation in AYAs are much less clear.
It has been postulated that AYAs, compared to younger and older patients, are generally
more prone to developing high-risk cancers due to a propensity for adverse tumor biology
and clinically aggressive disease, delayed diagnosis, and limited access to care [6-11].
Aggressive tumor biology is associated with higher risk of metastases in certain malig-
nancies such as alveolar thabdomyosarcoma, which is more likely to present in AYAs
than children [12]. Underlying mechanisms driving aggressive tumor biology remain
unknown for most cancer sites but genetic ancestry, i.e., inheritance of higher risk alleles
within racial/ethnic subgroups, has been implicated in diseases such as HER2/ER/PR-
negative (“triple-negative”) breast cancer [13,14]. Additionally, limited studies suggest that
increased allostatic load as a measure of toxic stress represents a plausible mechanism for
the development of aggressive breast cancer in young Black women [15]. There may also be
underlying differences in sex-specific hormones that mediate the increased risk of mortality
in younger men compared to women for cancers such as colorectal carcinoma [16,17]. In
older adults, while several environmental and behavioral risk factors such as smoking,
obesity, diet, carcinogens, and infection have been implicated in the development of certain
AYA-relevant cancers such as lung, stomach, and kidney carcinomas, there is no established
association of these factors with increased risk of metastatic disease [18-22]. Those risk
factors often accompany lower SES, lower education, lower health literacy, limited green
space, limited access to healthy foods, and tobacco sales [23-28].

Delays in diagnosis could also contribute to presentation with metastatic disease in
AYAs. This could result from limited access to diagnostic and therapeutic care due to insur-
ance barriers, and from limited access to specialized treatment facilities, factors that may
be associated with socioeconomic status [10,29,30]. Additionally, low provider and patient
awareness of the possibility of cancer in AYAs, coupled with systematic barriers to health-
care access, may contribute to delayed care for “red flag symptoms,” and lead to multiple
provider referrals prior to reaching a definitive diagnosis [31]. Cervical cancer is the only
cancer site with defined screening guidelines for AYAs. Despite many efforts to improve
screening for racial/ethnic minority and low socioeconomic status AYAs, these subgroups
of AYAs remain under screened, potentially contributing to their high rates of metastatic
cervical cancer [32]. In response to the rising incidence of young-onset colorectal cancer,
the minimum age for general screening has been lowered from 50 to 45 years of age [33].
Although there are currently no screening guidelines for melanoma recommended by the
United States Preventive Task Force (USPSTF), this topic is actively being re-evaluated [33].
By identifying and understanding the characteristics of AYA populations at greatest risk
of metastatic disease, more focused screening efforts for vulnerable groups of AYAs can
be prioritized.

Given these concerns, it is somewhat surprising that patterns of metastatic disease
among AYAs and their potential relationship with sociodemographic risk factors remain
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largely unexplored. Associations between sociodemographic and biological variables are
documented for some high-risk metastatic and loco-regional cancers, including triple-
negative breast cancer in younger Black women, colorectal cancer in younger patients and
racial/ ethnic minorities, and EGFR-mutant lung cancer in young Asians [34-44]. AYAs who
are racial/ethnic minorities or of low SES have a significantly higher risk of presenting with
metastatic disease in breast, stomach, and kidney cancer than older adults [45]. However,
within the AYA population, the extent to which specific sociodemographic subgroups
may be at increased risk for presenting with metastatic versus localized cancer is not well-
studied. Such information could shed light on the relative impact of social/environmental
risk factors versus aggressive tumor biology contributing to late-stage diagnosis in this
vulnerable population.

Therefore, we utilized data from the Surveillance, Epidemiology, and End Results
(SEER) registry to compare sociodemographic risk factors for AYAs presenting with
metastatic versus loco-regional disease. To help identify patterns informative about AYAs
as a whole, we utilized a “landscape” approach and selectively evaluated twelve poor-
prognosis cancers whose 5-year survival with metastatic disease is less than 50%. We hy-
pothesized that specific sociodemographic subgroups would show consistently increased
risk of metastases across multiple cancer sites, thus indicating broader cancer care inequities,
such as impaired access and delayed diagnosis.

2. Materials and Methods

This was a population-based retrospective cohort study utilizing SEER-18 registry data.
Patients were 15-39 years old when first diagnosed with one of a group of poor-prognosis,
metastatic primary malignancies (pragmatically defined as common solid tumors relevant
to AYAs with 5-year overall survival less than 50%) between January 2000 and December
2016. Stage of disease was classified as loco-regional versus metastatic (“distant”) disease,
defined by the SEER coding rule as “tumor which has spread to body areas distant or remote
from the primary tumor” [46]. Cancer sites included in this analysis were bone tumors (os-
teosarcoma, chondrosarcoma, Ewing sarcoma, and others), melanoma, rhabdomyosarcoma,
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 sarcomas [47]. Cervical and uterine cancers
were examined individually due to differences in biology, risk factors, and screening. Con-
sistent with our focus on prevalent poor-prognosis cancers, germ cell tumors, Hodgkin
lymphoma, and thyroid cancers were excluded as their 5-year survival is > 50% even
with metastases [5]. Kaposi sarcoma and non-Hodgkin lymphoma were excluded due to
their distinctive HIV-associated epidemiology [1,48]. Leukemias were excluded as they
are inherently disseminated and not staged as metastatic or non-metastatic. Patients with
subsequent primary cancers or unknown disease stage were excluded.

2.1. Variable Definitions

For each case, age, sex (male, female); race and ethnicity (non-Hispanic White [NHW],
non-Hispanic Black [NHB], non-Hispanic Asian/Pacific Islander [NHAPI], and Hispanic
[all races]); and SES were assessed. The SEER census tract level SES index is a time-
dependent composite score constructed from seven relevant census tract variables: median
household income, median house value, median rent, percent below 150% of poverty
line, education index, percent working class, and percent unemployed [49,50]). SES scores
are calculated for each year using census data and American Community Survey 5-year
estimates and subsequently categorized into tertiles with equal populations across the
entire SEER catchment area. Tertiles were chosen instead of quintiles to optimize case
numbers for all cancer types and were accessed through the SEER specialized census-tract
level and rurality database.
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2.2. Statistical Analyses

Incidence data were obtained using SEER*Stat software version 8.3.6 [51]. The primary
outcome was metastatic disease presentation. Proportions of metastatic disease were
calculated and compared using chi-square analysis for AYAs in aggregate, by cancer
site, and by sociodemographic subgroup. Localized and regional disease were combined
to better highlight the different proportions of metastatic disease. The differences in
proportions of the subgroups were compared for each sociodemographic variables using
chi-square analysis. Univariate and multivariate logistic regression analysis was performed
to determine the relative risk of metastatic disease presentation for AYAs in aggregate and
by cancer site for younger patients (age 15-29 years), males, NHBs, NHAPIs, Hispanics, and
low and middle SES (reference groups: older patients [age 30-39 years], females, NHWs,
and high SES, respectively). Multivariate models were adjusted for all covariates (age,
sex, race/ethnicity, and SES) to estimate adjusted odds ratios (aORs) with 95% confidence
intervals (95% CI). All p-values were two-sided with significance defined as p < 0.05. All
statistical analyses were performed using SEER*Stat Version 8.3.6 and SAS Version 9.4.

3. Results
3.1. Stage Distribution

For all these poor-prognosis sites combined, the overall proportion of AYAs having
metastatic disease was 13% (Figure 1a). The proportion with metastatic disease varied
significantly by cancer site, ranging from 2% in melanoma to 56% in lung carcinoma
(Figure 1b). Stomach and lung were the only two sites where AYAs were more likely to
present with metastatic than loco-regional disease (53.7% and 56.5%, respectively, Figure 1b).
The overall proportion of AYAs with metastatic disease was statistically significantly
different, yet clinically similar among those who were younger (15-29 years) versus older
(13% vs. 12%, p = 0.001), but significantly higher for males versus females (19% vs. 10%,
p < 0.001), racial/ethnic minorities versus NHWs (16-18% vs. 10%, p < 0.001 for all), and
lower versus higher SES (16% vs. 10%, p < 0.001, Table 1).

Table 1. Proportion of Metastatic Disease by Sociodemographic Subgroup: Surveillance, Epidemiol-
ogy, and End Results Program (2000-2016).

. Sociodemographic . o . o Chi-Square
Cancer Site Variable Subgroup Locoregional (N, %)  Metastatic (N, %) p-Value
15-29 years 28,755 (87) 4324 (13)
Age* 0.001
30-39 years 91,072 (88) 12,869 (12)
Male 28,114 (81) 6618 (19)
Sex * 0.000
Female 91,713 (90) 10,575 (10)
All Cancer Sites NHW 74,297 (90) 8471 (10)
Combined NHB 12,152 (82) 2743 (18)
Race/Ethnicity * ; ; 0.000
Hispanic 20,969 (84) 4018 (16)
NHAPI 8965 (83) 1807 (17)
High 41,996 (90) 4765 (10)
SES * Middle 38,133 (88) 5307 (12) 0.000
Low 31,669 (84) 5951 (16)
All Cancer Sites Age* 15-29 years 20,804 (86) 3416 (14) 0.000
Combined: Exclude 30-39 years 40,872 (83) 8539 (17)
Female Only Sites

Sex * Male 28,114 (81) 6618 (19) 0.000
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Table 1. Cont.

Cancer Site Socio\c/l:;ir;(}))glzaphic Subgroup Locoregional (N, %)  Metastatic (N, %) Cl;_-\quﬁzre
Female 33,562 (86) 5337 (14)
NHW 42,956 (88) 5942 (12)
. NHB 4618 (73) 1732 (27)
Race/Ethnicity * Hispanic 8586 (75) 2847 (25) 0.000
NHAPI 2911 (69) 1327 (31)
High 22,916 (87) 3350 (13)
SES * Middle 19,706 (84) 3678 (16) 0.000
Low 14,711 (78) 4057 (22)
15-29 years 2282 (76) 719 (24)
Age* 0.000
30-39 years 987 (83) 200 (17)
Male 1893 (76) 607 (24)
Sex Female 1376 (82) 312 (18) 0.000
NHW 1819 (79) 484 (21)
Bone B NHB 361 (79) 97 (21)
Race/Ethnicity Hispanic 780 (75) 259 (25) 0.081
NHAPI 258 (79) 70 (21)
High 1053 (81) 248 (19)
SES * Middle 1057 (78) 305 (22) 0.003
Low 938 (75) 306 (25)
15-29 years 3784 (91) 369 (9)
Age* 0.000
30-39 years 34,150 (94) 2303 (6)
NHW 20,786 (94) 1224 (6)
o NHB 5453 (89) 648 (11)
Breast Race/Ethnicity Hispanic 7014 (93) 522 (7) 0.000
NHAPI 4256 (94) 253 (6)
High 14,216 (95) 770 (5)
SES * Middle 11,902 (93) 840 (7) 0.000
Low 9603 (91) 926 (9)
Age” 15-29 years 2816 (94) 172 (6) o013
30-39 years 10,138 (93) 769 (7)
NHW 6999 (94) 471 (6)
NHB 1421 (90) 158 (10)
Cervix Race/Ethnicity * Hispanic 3472 (94) 240 (6) 0.000
NHAPI 809 (93) 61 (7)
High 4774 (92) 427 (8)
SES * Middle 4057 (94) 266 (6) 0.000
Low 3141 (95) 181 (5)
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Table 1. Cont.
. Sociodemographic . o . o Chi-Square
Cancer Site Variable Subgroup Locoregional (N, %)  Metastatic (N, %) p-Value
15-29 years 2743 (78) 770 (22)
Age* 0.000
30-39 years 8997 (74) 3147 (26)
Male 6108 (75) 2002 (25)
Sex 0.320
Female 5632 (75) 1915 (25)
NHW 6666 (76) 2098 (24)
Colorectum
. NHB 1523 (73) 555 (27)
Race/Ethnicity * 0.000
ty Hispanic 2243 (73) 825 (27)
NHAPI 1059 (72) 402 (28)
High 3672 (75) 1197 (25)
SES Middle 3749 (76) 1215 (24) 0.081
Low 3510 (74) 1249 (26)
15-29 years 1102 (87) 161 (13)
Age* 0.000
30-39 years 5461 (93) 441 (7)
Male 3754 (91) 390 (9)
Sex * 0.000
Female 2809 (93) 212 (7)
NHW 3752 (94) 241 (6)
Kidney NHB 790 (81 185 (19
Race/Ethnicity * 0 (81) 8 19) 0.000
Hispanic 1486 (92) 124 (8)
NHAPI 387 (90) 45 (10)
High 1893 (93) 153 (7)
SES * Middle 2155 (93) 171 (7) 0.001
Low 2057 (90) 228 (10)
15-29 years 528 (61) 332 (39)
Age* 0.000
30-39 years 1357 (37) 2313 (63)
Male 839 (38) 1379 (62)
Sex * 0.000
Female 1046 (45) 1266 (55)
NHW 1215 (46) 1429 (54)
Lung § NHB 234 (38) 375 (62)
R Ethnicity * .
ace/Ethnicity Hispanic 290 (41) 415 (59) 0.000
NHAPI 126 (24) 408 (76)
High 578 (44) 734 (56)
SES * Middle 604 (43) 796 (57) 0.001
Low 546 (37) 912 (63)
15-29 years 10,259 (98) 229 (2)
Age* 0.040
30-39 years 18,625 (97) 491 (3)
Melanoma
Male 10,866 (96) 467 (4)
Sex * 0.000
Female 18,018 (99) 253 (1)
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Table 1. Cont.

. Sociodemographic . o . o Chi-Square
Cancer Site Variable Subgroup Locoregional (N, %)  Metastatic (N, %) p-Value
NHW 25,098 (98) 598 (2)
NHB 143 (89) 17 (11)
Race/Ethnicity * .
/ Y Hispanic 1490 (95) 86 (5) 0.000
NHAPI 248 (94) 16 (6)
High 12,942 (98) 221 (2)
SES * Middle 9207 (98) 235 (2) 0.000
Low 4701 (96) 205 (4)
15-29 years 686 (67) 334 (33)
Age* 0.000
30-39 years 1527 (59) 1075 (41)
NHW 1237 (63) 742 (37)
JEth NHB 158 (48) 173 (52)
Race/Ethnicity * .
Ovary Y Hispanic 466 (57) 353 (43) 0.000
NHAPI 328 (71) 132 (29)
High 734 (65) 403 (35)
SES * Middle 751 (62) 468 (38) 0.001
Low 599 (57) 453 (43)
15-29 years 300 (55) 247 (45)
Age 0.827
30-39 years 81 (56) 64 (44)
Sex * Male 206 (50) 206 (50) 0.001
Female 175 (63) 105 (38)
NHW 193 (55) 155 (45)
RMS
N NHB 71 (59) 50 (41)
R Ethnicit
ace/Ethnicity Hispanic 90 (54) 77 (46) 0357
NHAPI 20 (43) 26 (57)
High 117 (52) 106 (48)
SES Middle 120 (57) 89 (43) 0.583
Low 112 (54) 94 (46)
15-29 years 3388 (85) 596 (15)
Age* 0.000
30-39 years 4338 (88) 598 (12)
Male 3808 (84) 699 (16)
Sex * 0.000
Female 3918 (89) 495 (11)
NHW 3833 (88) 511 (12)
Soft Tissue Sarcomas
JEth NHB 1323 (84) 251 (16)
Race/Ethnicity *
y Hispanic 1738 (84) 322 (16) 0.000
NHAPI 625 (86) 100 (14)
High 2315 (88) 306 (12)
SES * Middle 2461 (87) 369 (13) 0.000
Low 2408 (85) 433 (15)
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Table 1. Cont.
. Sociodemographic . o . o Chi-Square
Cancer Site Variable Subgroup Locoregional (N, %)  Metastatic (N, %) p-Value
15-29 years 202 (36) 362 (64)
Age* 0.000
30-39 years 1026 (44) 1285 (56)
Male 640 (42) 868 (58)
Sex 0.756
Female 588 (43) 779 (57)
NHW 380 (47) 426 (53)
Stomach
. NHB 173 (46) 202 (54)
Race/Ethnicity * 0.001
ty Hispanic 469 (39) 739 (61)
NHAPI 188 (42) 260 (58)
High 346 (47) 385 (53)
SES * Middle 353 (41) 498 (59) 0.018
Low 439 (41) 630 (59)
15-29 years 665 (95) 33 (5)
Age 0.371
30-39 years 4385 (96) 183 (4)
NHW 2319 (96) 92 (4)
y NHB 502 (94) 32 (6)
Race/Ethnicit .082
Uterus y Hispanic 1431 (96) 56 (4) 0.08
NHAPI 661 (95) 34 (5)
High 989 (94) 61 (6)
SES * Middle 1717 (97) 55 (3) 0.002
Low 1982 (96) 88 (4)

* Statistically significant p-value (p < 0.05). The differences in proportions of the subgroups were compared for
each sociodemographic variables using chi-square analysis. Abbreviations: NHW = non-Hispanic White; NHB =
non-Hispanic Black; NHAPI = non-Hispanic Asian Pacific Islander; RMS = Rhabdomyosarcoma; SES = socioeco-

nomic status.

3.2. Risk of Metastatic Disease for Sociodemographic Subgroups

For all cancers in aggregate, there was no overall difference in the likelihood of AYAs
having metastatic disease based on age (aOR 1.00, 95% CI 0.96-1.04, Figure 2, Table 2). Male
AYAs were at higher risk of metastases compared to females (aOR 2.18, 95% CI 2.11-2.26).
Minorities were at overall higher risk of metastatic disease; NHAPIs and NHBs were at
highest risk (aOR 1.95 [95% CI 1.82-2.04] and 1.89 [95% CI 1.77-1.96], respectively). Low
and middle SES patients were also at a higher risk of metastatic disease presentation (aOR
1.43 [95% CI 1.36-1.48] and 1.17 [95% CI 1.11-1.21], respectively).
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Figure 1. (a) Stage distribution for poor-prognosis metastatic cancers in aggregate. (b) Proportion of
metastatic disease by cancer site. Total percentage in Figure 1A is greater than 100 due to rounding to
nearest whole number.

Table 2. Crude and Adjusted Odds Ratio for Metastatic Disease Presentation: Surveillance, Epidemi-

ology, and End Results Program (2000-2016).

Cancer Site Sociodemographic Suberou Crude Odds Adjusted Odds
Category group Ratio (95% CI) Ratio (95% CI)
30-39 years - -
Age
15-29 years 1.07 (1.03-1.11) 1.00 (0.96-1.04)
Female - -
Sex
Male 2.05 (1.98-2.12) 2.18 (2.11-2.26)
All sites NHW - -
combined NHB 1.95 (1.86-2.04) 1.86 (1.77-1.96)
Race/Ethnicity - -
Hispanic 1.66 (1.59-1.72) 1.61 (1.54-1.68)
NHAPI 1.75 (1.66-1.85) 1.93 (1.82-2.04)
High - -
SES Middle 1.22 (1.17-1.27)  1.16 (1.11-1.21)
Low 1.63 (1.57-1.70) 1.42 (1.36-1.48)
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Table 2. Cont.

Cancer Site Sociodemographic Suberou Crude Odds Adjusted Odds
Category group Ratio (95% CI) Ratio (95% CI)
30-39 years - -
Age
15-29 years 1.55 (1.31-1.85) 1.51 (1.26-1.82)
Female - -
Sex
Male 1.41 (1.21-1.65) 1.34 (1.14-1.57)
NHW - -
Bone
NHB 1.01 (0.79-1.29) 0.91 (0.70-1.19)
Race/Ethnicity Hispanic 125 (1.05-148)  1.12 (0.93-1.35)
NHAPI 1.02 (0.77-1.35) 1.08 (0.81-1.45)
High - -
SES Middle 1.23 (1.02-1.48)  1.24 (1.02-1.50)
Low 1.39 (1.15-1.67) 1.37 (1.12-1.68)
30-39 years - -
Age
15-29 years 1.43 (1.28-1.61) 1.36 (1.20-1.53)
NHW - -
NHB 2.01 (1.82-2.22) 1.72 (1.55-1.92)
Race/Ethnicity - -
Breast Hispanic 1.26 (1.13-1.40)  1.12 (1.00-1.25)
NHAPI 1.01 (0.88-1.16) 1.04 (0.90-1.20)
High - -
SES X
Middle 1.30 (1.17-1.43) 1.22 (1.10-1.35)
Low 1.77 (1.60-1.95) 1.51 (1.36-1.68)
30-39 years - -
Age
15-29 years 0.79 (0.67-0.94) 0.82 (0.68-0.98)
NHW - -
NHB 1.62 (1.34-1.95) 1.50 (1.22-1.83)
. Race/Ethnicity - -
Cervix Hispanic 1.02 (0.87-1.20) 1.02 (0.86-1.21)
NHAPI 1.14 (0.86-1.50) 1.18 (0.89-1.57)
High - -
SES Middle 1.13 (0.93-1.37) 1.10 (0.90-1.34)
Low 1.53 (1.28-1.83) 1.46 (1.20-1.76)
30-39 years - -
Age
15-29 years 0.80 (0.73-0.88) 0.79 (0.72-0.87)
Female - -
Sex
Male 0.96 (0.90-1.03) 0.97 (0.90-1.04)
Colorectum NHW - -
Race/Ethnicity NHB 1.14 (1.02-1.27) 1.16 (1.04-1.31)
Hispanic 1.16 (1.06-1.27)  1.16 (1.05-1.28)
NHAPI 1.20 (1.06-1.36) 1.22 (1.07-1.38)
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Table 2. Cont.

Cancer Site

Sociodemographic

Category Subgroup

Crude Odds
Ratio (95% CI)

Adjusted Odds
Ratio (95% CI)

High

SES Middle

0.99 (0.90-1.09)

0.98 (0.89-1.07)

Low

1.08 (0.98-1.18)

1.05 (0.95-1.16)

Kidney

30-39 years

Age
15-29 years

1.78 (1.47-2.16)

1.81 (1.47-2.22)

Female

Sex
Male

1.37 (1.15-1.63)

1.45 (1.20-1.75)

NHW

NHB

3.57 (2.91-4.39)

3.61 (2.88-4.53)

Race/Ethnicity Hispanic

1.29 (1.03-1.62)

1.33 (1.05-1.69)

NHAPI

1.81 (1.29-2.52)

2.02 (1.43-2.84)

High

SES Middle

0.98 (0.78-1.23)

0.93 (0.74-1.18)

Low

1.36 (1.10-1.69)

1.07 (0.85-1.35)

Lung

30-39 years

Age
15-29 years

0.37 (0.32-0.43)

0.36 (0.31-0.43)

Female

Sex
Male

1.36 (1.21-1.53)

1.35 (1.19-1.53)

NHW

NHB

1.36 (1.14-1.63)

1.29 (1.06-1.58)

Race/Ethnicity i -
ispanic

1.22 (1.03-1.44)

1.32 (1.10-1.59)

NHAPI

2.75 (2.22-3.41)

2.97 (2.36-3.73)

High

SES Middle

1.04 (0.89-1.21)

1.05 (0.89-1.23)

Low

1.32 (1.13-1.53)

1.33 (1.13-1.57)

Melanoma

30-39 years

Age
15-29 years

0.85 (0.72-0.99)

0.89 (0.75-1.05)

Female

Sex
Male

3.06 (2.62-3.57)

3.11 (2.64-3.66)

NHW

NHB

4.99 (3.00-8.30)

4.04 (2.32-7.04)

Race/Ethnicity i -
ispanic

2.42 (1.92-3.05)

2.37 (1.85-3.04)

NHAPI

2.71 (1.62-4.52)

2.99 (1.75-5.12)




Cancers 2022, 14, 4932

12 of 21

Table 2. Cont.

Cancer Site

Sociodemographic

Category Subgroup

Crude Odds
Ratio (95% CI)

Adjusted Odds
Ratio (95% CI)

High

SES Middle

1.49 (1.24-1.80)

1.45 (1.20-1.75)

Low

2.55 (2.11-3.10)

2.30 (1.89-2.80)

Ovary

30-39 years

Age
15-29 years

0.70 (0.60-0.81)

0.70 (0.60-0.83)

NHW

NHB

1.71 (1.36-2.14)

1.79 (1.40-2.30)

Race/Ethnicity i -
ispanic

1.27 (1.08-1.50)

1.28 (1.07-1.52)

NHAPI

0.69 (0.56—0.86)

0.66 (0.53—0.83)

High

SES Middle

1.11 (0.94-1.30)

1.10 (0.92-1.30)

Low

1.33 (1.12-1.58)

1.17 (0.97-1.40)

Rhabdomyo-
sarcoma

30-39 years

Age
15-29 years

1.04 (0.72-1.51)

1.13 (0.77-1.68)

Female

Sex
Male

1.67 (1.22-2.27)

1.75 (1.27-2.43)

NHW

NHB

0.88 (0.58-1.33)

0.81 (0.51-1.31)

Race/Ethnicity i -
ispanic

1.07 (0.74-1.54)

1.10 (0.74-1.65)

NHAPI

1.62 (0.87-3.01)

1.70 (0.89-3.26)

High

SES Middle

0.82 (0.56-1.20)

0.87 (0.59-1.29)

Low

0.93 (0.63-1.35)

1.05 (0.69-1.60)

Soft Tissue
Sarcomas

30-39 years

Age
15-29 years

1.28 (1.13-1.44)

1.26 (1.11-1.44)

Female

Sex
Male

1.45 (1.28-1.64)

1.47 (1.29-1.67)

NHW

NHB

1.42 (1.21-1.68)

1.40 (1.17-1.67)

Race/Ethnicity i -
ispanic

1.39 (1.20-1.62)

1.35 (1.15-1.58)

NHAPI

1.20 (0.95-1.51)

1.20 (0.95-1.53)

High

SES Middle

1.13 (0.96-1.33)

1.08 (0.91-1.27)

Low

1.36 (1.16-1.59)

1.19 (1.01-1.41)
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Adjusted Odds Ratio

2.00

1.75

1.25

1.00

0.75

I

Table 2. Cont.

Cancer Site Sociodemographic Suberou Crude Odds Adjusted Odds
Category group Ratio (95% CI) Ratio (95% CI)
30-39 years - -
Age
15-29 years 1.34 (1.12-1.60) 1.43 (1.17-1.75)
Female - -
Sex
Male 1.02 (0.88-1.17) 1.05 (0.90-1.23)
NHW - -
Stomach
NHB 1.10 (0.87-1.40) 0.92 (0.71-1.19)
Race/Ethnicity - -
Hispanic 1.37 (1.15-1.63) 1.28 (1.05-1.56)
NHAPI 1.27 (1.02-1.59) 1.19 (0.93-1.52)
High - -
SES Middle 1.25 (1.03-1.51) 1.26 (1.02-1.54)
Low 1.25 (1.05-1.51) 1.25 (1.02-1.53)
30-39 years - -
Age
15-29 years 1.11 (0.76-1.62) 1.27 (0.86-1.88)
NHW - -
NHB 1.58 (1.04-2.38) 1.59 (1.03-2.46)
Race/Ethnicity - -
Hispanic 0.96 (0.69-1.35) 0.98 (0.69-1.40)
Uterus
NHAPI 1.28 (0.85-1.91) 1.18 (0.78-1.79)
High - -
SES Middle 0.52 (0.36-0.75) 0.53 (0.36-0.77)
Low 0.72 (0.52-1.01) 0.69 (0.49-0.98)

Bolded cells denote a statistically significant p-value (p < 0.05). Abbreviations: NHW = non-Hispanic White;

NHB = non-Hispanic Black; NHAPI = non-Hispanic Asian Pacific Islander; SES = socioeconomic status.

jL

I
15-29 yrs

Age

Male

Sex

‘ Hispanic

NHAPI

Race

NHB

Low

SES

Middle

Figure 2. Risk of metastatic disease by sociodemographic subgroup for poor-prognosis cancers

in aggregate.
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3.2.1. Age

After adjusting for race/ethnicity, sex, and SES, younger AYAs were statistically
significantly more likely to present with metastatic kidney, bone, stomach, breast cancer
and soft tissue sarcomas (Figure 3, Table 2). In contrast, metastatic cervical, colorectal,
ovarian and lung cancer were more likely to occur in older AYAs.
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Figure 3. Risk of metastatic disease for younger AYAs by cancer site. Reference group: older AYAs
(30-39 years).
3.2.2. Sex
After adjusting for all other sociodemographic factors, the risk for presenting with
metastatic disease was higher for male than female AYAs for all cancers except colorectal
and stomach cancers (Figure 4, Table 2). The risk for males presenting with metastases was
greatest in melanoma (aOR 3.11 [95% CI 2.64-3.66]).
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Figure 4. Risk of metastatic disease for male AYAs by cancer site. Reference group: female AYAs.
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3.2.3. Race/Ethnicity

After adjusting for other sociodemographic variables, racial/ethnic minorities were at
higher risk of metastatic disease compared to NHWSs in most cancer sites (Figure 5, Table 2).
NHBs were more likely to present with metastatic cancer in all sites, except for bone,
rhabdomyosarcoma, and stomach. NHAPIs were more likely to present with metastatic
colorectal, kidney, lung, melanoma and less likely to present with metastatic ovarian cancer.
Hispanic AYAs were more likely than non-Hispanics to present with metastatic colorectal,
kidney, lung, melanoma, ovarian, and stomach cancer, and soft tissue sarcomas.
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Figure 5. Risk of metastatic disease for racial/ethnic minority AYAs by cancer site. Reference group:

non-Hispanic Whites.

3.2.4. Socioeconomic Status

After adjusting for other sociodemographic variables, low SES AYAs are more likely to
present with metastatic melanoma, bone tumors, soft tissue sarcomas, breast, cervical, lung,
stomach carcinomas (Figure 6, Table 2). This was most notable for AYAs with melanoma,
where the risk of presenting with metastases was 2.3 times higher for low than high SES.
There was no SES-related risk for AYAs presenting with metastatic rhabdomyosarcoma or
carcinomas of the ovary, kidney, colorectum, and uterus.
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Figure 6. Risk of metastatic disease for low SES AYAs by cancer site. Reference group: high SES.
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4. Discussion

Identifying risk factors for presenting with metastatic disease represents a viable
strategy for ultimately improving survival among AYAs diagnosed with any of the poor-
prognosis cancers included in this “landscape” study. Most importantly, we identified
several subgroups of AYAs at significantly higher risk for presenting with metastatic disease
as defined by age, sex, race/ethnicity, and/or SES. Interestingly, we found in this analysis
that the majority of AYAs with these cancers do not present with metastatic disease but
rather with locoregional disease (the two important exceptions being lung and stomach
cancer). This latter, somewhat unexpected finding points to the relative importance of
specific sociodemographic risk factors within the AYA population rather than some sort of
uniform risk broadly belonging to AYAs as a whole. As such, these results can inform future
research focused on understanding the roles of tumor and host biology, built environment,
health behaviors, provider education, and screening strategies to reduce these risks. Given
the well-documented adverse impact of presenting with metastatic disease for these cancers,
such efforts have the potential to improve outcomes.

With the known associations of more aggressive forms of cancer in NHB AYAs, such as
triple negative breast cancer, and reports of smaller survival improvements among minority
AYAs compared with NHW AYAs, we expected to find minority AYAs to have higher risk
of metastases in most cancer sites. We found this to be the case for all sites combined, and
that this difference was most pronounced in NHAPIs and NHBs. The increased risk of
metastases in NHAPIs largely appears to be driven by metastatic lung cancer, which is
consistent with studies describing high rates of EGFR-driven metastatic lung cancer in East
Asians [43,44]. Interestingly, NHAPIs were also at three times higher risk of metastatic
melanoma than NHWs, a finding not well described in the literature [52]. For NHBs, the
increased risk of metastases spanned most sites, a pattern not evident in other minority
groups. This raises important questions as to the mechanisms driving this recurrent pattern.
Potential explanations may involve certain risk alleles identified through genetic ancestry
or possibly increased allostatic load as a result of toxic stress secondary to factors such as
structural discrimination [53]. Notably, even after adjusting for sex, SES, and age, NHBs
carry the highest risk of metastatic melanoma and kidney cancer, two cancer types featuring
prominent immunological mechanisms [54,55]. Future studies exploring the impact of toxic
stress on the tumor microenvironment and immunologic responses could prove useful for
understanding how the macroenvironment may influence the underlying biology driving
aggressive, metastatic disease.

Given the importance of fragmented insurance [30] and low patient and provider
awareness of AYA cancer in contributing to delayed diagnosis, we expected to see a general
pattern of low SES AYAs having a higher risk of metastatic disease than high SES. This
was indeed true for all cancers in aggregate and in seven of the 12 cancer sites. However,
it appears the overall increased risk was largely driven by metastatic melanoma, where
low SES AYAs were over two times more likely to present with metastases than high SES
AYAs. This is particularly concerning as the overall incidence of melanoma is greater
among high SES populations, but survival is poorer among low SES patients [56]. This
suggests a need for stronger prevention efforts in lower SES communities and further
exploration of potential delays in diagnosis for this population. In addition to studying
potential delays in diagnosis in cancers where low SES is independently associated with
metastatic presentation, future studies exploring the mechanisms by which specific factors
linked to low SES, such as neighborhood disadvantage and poverty, may contribute to more
aggressive forms of these cancers. This link has been explored in literature surrounding
impact of low SES and neighborhood depravity in breast cancer outcomes but has not yet
been extended to other cancer sites [57]. Notably, low SES did not confer an increased
risk of metastases in several cancer sites including ovary, kidney, colorectum, uterus and
rhabdomyosarcoma. This would suggest that for these cancers, aggressive underlying
biological mechanisms may outweigh the effects of social risk factors.
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Given existing literature documenting an increased risk of metastatic disease for
men compared to women, we expected men to carry uniformly higher risk of metastatic
disease in most cancer sites [41]. This observation was supported when we looked at
cancer sites in aggregate and remained true for six out of eight cancer sites that affect both
sexes. This suggests an interplay between social and biological risk factors contributing
to increased risks of metastatic disease in most cancer sites. Lower health awareness,
less health care utilization, and fewer preventive health behaviors in males might lead to
diagnostic delays [58]. Additionally, several studies propose various biological mechanisms
by which sex impacts risk of metastatic disease including tumor suppressor genes that
escape from X-inactivation [59-61]. Notably, men with stomach and colorectal cancer were
not at higher risk of metastatic disease compared to females, perhaps highlighting unique
features of these gastrointestinal cancers related to the underlying biological drivers of
metastases or challenges in early diagnosis that spans both sexes.

This study has both strengths and limitations. A key strength is the use of SEER
registry data, a robust and reliable resource [62] offering large sample sizes, that permits
identification of broad trends across a variety of cancers. This is especially valuable for
rarer tumors such as rhabdomyosarcoma, a biologically distinct form of sarcoma prone to
present with metastases in AYAs [45]. Indeed, even in this national sample, the number
of patients with rhabdomyosarcoma was relatively small, which highlights both the need
for and challenges facing large-scale collaborations investigating rare tumors in AYAs.
Additionally, although the number of AYAs with metastatic disease of certain racial/ethnic
subgroups was limited (e.g., NHBs with melanoma), the magnitude of risk was significant
and highlights extremely vulnerable populations passed over by typical prevention efforts.
Finally, using a “landscape” approach allows incidence patterns to emerge across cancer
types relevant to AYAs as a whole and within subsets, which may be masked in studies
focused on single cancers. Potential limitations are those inherent to registry-based research,
including possible misclassification of race/ethnicity provided by the reporting site and use
of area-based SES rather than individual level. Additionally, the SEER registry currently
does not report molecular subtypes of cancer or detailed patient-level treatment and clinical
data, which limits study of biologically focused characteristics [63]. Furthermore, an in-
depth histological evaluation was not performed as this was outside the scope of the
“landscape” approach needed for this exploratory study. In-depth studies evaluating
histology and other biological features in a tumor-specific manner are needed.

5. Conclusions

Nonetheless, several important implications follow from our results. First, as a whole,
AYAs are more likely to present with loco-regional disease than metastatic disease except
stomach and lung cancer. While racial/ethnic minorities, lower SES patients and males are
generally at higher risk of presenting with metastases, this risk is not uniformly distributed
across cancer sites indicating a need for focused efforts to better delineate the mechanisms
by which these subsets experience increased risk of metastases. Ongoing work examining
the impact of genetic ancestry and intergenerational transmission of cancer predisposition
alleles may elucidate the mechanisms by which NHBs carry increased risk across multiple
cancer sites. Additionally, future studies exploring the mechanisms by which environmen-
tal stressors and social risk factors impact the tumor microenvironment may shed light on
the associations of low SES and metastatic disease.

This broad analysis may also provide additional insights regarding AYAs at risk
for developing metastatic cancers that are amenable to screening. If there is an element
of metastatic disease development driven by delays in diagnosis that could potentially
be avoided through early detection, then identification of AYA subsets at highest risk
offers an opportunity to focus and enhance targeted screening and education efforts. The
risk of metastatic melanoma was greatest in low SES, NHB and male AYAs, highlighting
a significant need for improved screening efforts, as well as provider and community
education on atypical signs of melanoma in these populations. Within breast cancer, young
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NHB and low SES women are at highest risk of metastatic disease presentation. While some
of this may be driven by aggressive tumor biology with a propensity for early dissemination,
efforts may be warranted to improve patient and provider awareness to avoid dismissal of
symptoms and facilitation of prompt referrals. Similarly, the increased risk of metastatic
cervical cancer in NHB and low SES AYAs may reflect a need for enhanced screening efforts
in these vulnerable populations. Interestingly, metastatic colorectal cancer demonstrates
similar increased risk across minorities and low and middle SES, perhaps reflecting broader,
more uniform issues relating to biological drivers of metastases in AYAs as well as a need
for a higher index of suspicion among clinicians. Future cancer-specific studies focused
on exploring the connection between sociodemographic risk factors and biological drivers
of metastases have the potential to further inform public health and screening efforts to
facilitate early detection of these deadly diseases.
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