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Simple Summary

Early-onset (EO) and Young adult (YA) rates of gastrointestinal (GI) malignancies have been
increasing over the last decade. This study aims to evaluate variations in case distribution
and clinical disease burden of these GI cancers within the Temple University Health System
(TUHS), Philadelphia’s primary safety-net hospital system, compared with a nationally
representative patient population via the National Cancer Database (NCDB). This study
sought to determine whether there were differences in the distribution of clinicopathologic
characteristics and survival (TUHS only), and whether these differences persisted when
stratified by race. Additionally, this study assessed differences in gastrointestinal malignancy
subtypes between the TUHS and NCDB cohorts and evaluated whether racial and ethnic
background was associated with differences in disease presentation and time to initiation
of therapy. Finally, we will discuss potential barriers to care as well as develop strategies to
mitigate potential disparities based on these results.

Abstract

Background: Early-onset (EO) GI malignancies, especially in younger adults, have in-
creased in the past several decades, with advanced stages at diagnosis and aggressive
tumor features relative to patients with average-age-onset disease. Methods: We performed
a retrospective analysis of patients aged 18-44 years diagnosed with a GI malignancy within
TUHS between 2010 and 2025 and compared with data via the National Cancer Database.
Results: A total of 530 pts at TUHS and 81,097 in the NCDB were included. Average age
at diagnosis was higher at TUHS (37.6 vs. 32.9 years). Compared with NCDB, TUHS
also saw a greater proportion of Black patients (22.1% vs. 15.5%). TUHS patients pre-
sented with more advanced stages at diagnosis, with more stage III (27.4% vs. 12.6%) and
stage IV disease (33.8% vs. 22.1%). Among those that were insured, patients at TUHS
saw more reliance on government insurance (30.3 vs. 27.5%) compared to the rates from
NCDB. Although unadjusted time from diagnosis to treatment was longer at TUHS, this
difference was not statistically significant after adjustment. More specifically, this duration
was longer for Black patients by nearly 7 days compared with the national average (31.77
vs. 24.62 days). Conclusions: TUHS had a similar cancer case distribution compared to
national counterparts, but was characterized by more advanced stages at diagnosis and
longer time to treatment. These findings necessitate investigation into potential structural
and sociodemographic factors that may contribute to delayed diagnosis and inequities in
care. Targeted interventions are urgently needed to mitigate the growing burden of EO GI
cancers in underserved populations.
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1. Introduction

Early onset (EO) gastrointestinal (GI) malignancies (defined as <50 years of age),
especially in younger adults (YA; defined by the NCI as those diagnosed with cancer aged
18-39 years), have risen more rapidly than any other cancer in this age group, with an annual
percentage change (APC) of 2.16% [1]. Coinciding with this rise in incidence is increased
morbidity and inferior long-term survival, likely secondary to presentation at advanced
stages and more aggressive tumor features relative to patients with average-age-onset
disease [2].

When stratified by GI malignancy location in Pennsylvania, prior studies have demon-
strated rising APC across several different cancer subtypes. The most pronounced increase
was observed in appendiceal malignancies (15.61) followed by pancreatic (2.53), small
intestinal, (2.11), colorectal (1.71), and gastric (1.59) malignancies [1]. This suggests that
the increasing incidence of YA GI malignancies is not limited to colorectal malignancies
alone, but rather a broader increase across multiple different GI tumor subtypes.

In addition, when rates of YA GI malignancies are stratified by race, Hispanic individ-
uals experience the greatest increase in incidence (APC 3.08%) followed by Asian/Pacific
Islander individuals (APC 2.83%) [1,3]. In African American individuals, no significant
increase in incidence has been reported. However, a 1.34-fold higher likelihood of colorectal-
cancer-related deaths has been reported compared to white patients [4,5]. These findings
highlight the urgent need to better understand the increasing incidence of YA GI malignan-
cies and the impact that race plays in current survival outcomes.

This concerning trend is notable in Pennsylvania, where the age-adjusted incidence
reached as high as 119.6 per 100,000 in 2015 among individuals under 50, exceeding the
national average of 102.97 [6]. Temple University Hospital (TUHS), which includes the
Fox Chase Cancer Center, an NCI-designated Comprehensive Cancer Center, and Temple
University Hospital in North Philadelphia serves a very large and diverse population within
Southeastern Pennsylvania and New Jersey. The TUH catchment area includes a population
of nearly 500,000 patients, 46.1% of whom identify as Black, 29.8% as Hispanic, and over
25% of individuals living below the poverty line. FCCC has a catchment area of over
7,000,000 patients [7].

This study aims to characterize, compare and evaluate differences in case distribution
of EO and YA GI cancers within TUHS, Philadelphia’s primary safety net hospital, com-
pared with a nationally representative patient population via the National Cancer Database
(NCDB). This study seeks to determine if there are differences in demographic character-
istics and cancer case distributions, and if these variations persist when stratified by race.
Additionally, this study assesses whether there are distinctions in specific GI malignancy
subtypes between TUHS and national cohorts, and whether differences in racial and ethnic
background are associated with variations in disease distribution, time to initiation of
therapy, along with survival outcomes within the TUHS cohort. Finally, we hope to discuss
potential barriers to care as well as develop strategies to mitigate potential disparities.

2. Materials and Methods

We conducted a retrospective cohort study utilizing data from the National Cancer
Database (NCDB) of all patients aged 18-44 years diagnosed with a GI malignancy between
2010 and 2025. The NCI defines young adults with cancer as those aged 18-39 years and
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early-onset cancer as cancer diagnosed between ages 18-49 years. Although this study
primarily focuses on young adult cancers, we expanded the age range to include patients
within the early-onset cancer group. The age range of 18-44 years was selected based on
the prespecified age categorization available within our institutional dataset. To ensure
methodological consistency, identical age criteria were applied to the NCDB cohort. This
approach allowed for direct comparisons between the two populations while capturing
all young adults aged 18-39 years and an additional subset of patients with early-onset
malignancies aged 40—44 years. The NCDB is a joint project of the Commission on Cancer
of the American College of Surgeons and the American Cancer Society. The American
College of Surgeons has executed a Business Associate Agreement that includes a data
use agreement with each of its Commission on Cancer-accredited hospitals. The NCDB,
established in 1989, is a nationwide, facility-based, comprehensive clinical surveillance
resource oncology data set that currently captures 70% of all newly diagnosed malignancies
in the United States annually [8]. The American College of Surgeons and the Commission on
Cancer have not verified and are not responsible for the analytic or statistical methodology
employed, or the conclusions drawn from these data by investigators. This study was
exempt by the local Fox Chase Cancer Center Institutional Review Board. The study was
performed in accordance with the Declaration of Helsinki.

Patient demographics and clinicopathologic characteristics, including age at diagno-
sis, sex, race, primary tumor site, and insurance status, were summarized using means
and standard deviations for continuous variables and frequencies with percentages for
categorical variables. Differences in baseline characteristics between the TUHS and NCDB
cohorts, as well as across racial groups, were evaluated using Chi-square or Fisher’s exact
tests for categorical variables and Student’s t-tests for continuous variables, as appropriate.
Temporal trends in GI cancer subtypes were evaluated descriptively across calendar years
and visualized using annual trend plots. Time to treatment initiation was defined as the
number of calendar days from the date of initial cancer diagnosis to the date of first docu-
mented cancer-directed treatment. Treatment timing was summarized using the median
and interquartile range because of the right-skewed distribution, with the mean, standard
deviation, and range also reported. Multivariable multinomial logistic regression was used
to evaluate the association between cohort and stage at diagnosis among patients with doc-
umented Stage 0-IV disease. Stage 0/1 was the reference outcome category, and the model
adjusted for age, sex, race, Hispanic origin, and insurance status. Results are reported as
adjusted relative risk ratios with 95% confidence intervals. Multivariable median regression
was used to evaluate the association between cohort and time to treatment, adjusting for
age, sex, race, Hispanic origin, insurance status, and disease stage. Results are reported as
adjusted median differences in days with p-value. All statistical tests were two-sided, with
p < 0.05 considered statistically significant.

Within the TUHS cohort, overall survival (OS) was defined as the time from diagnosis
to death from any cause, with censoring at the date of last known follow-up. OS distributions
according to geographic location (Pennsylvania vs. non-Pennsylvania) were estimated using
the Kaplan-Meier method and compared using log-rank tests.

3. Results

A total of 530 patients from TUHS and 81,097 patients from the NCDB diagnosed
between 2010 and 2025 were included in the final analysis (Table 1). Patients in the TUHS
cohort were older at diagnosis compared with those in the NCDB cohort (mean age, 37.6
vs. 32.9 years; p < 0.001). The TUHS cohort also included a higher proportion of Black
patients (22.1% vs. 15.5%) and lower proportions of White patients (60.6% vs. 74.2%)
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and Asian/Pacific Islander patients (4.5% vs. 5.3%) compared with the NCDB cohort

(p < 0.001).

Table 1. Patient Characteristics.

NCDB (N = 81,097)

TUHS (N = 530)

p-Value

Mean Age (years) 32.95 37.61 <0.001
Race <0.001
White Patients 60,209 (74.2%) 321 (60.6%)
Black Patients 12,559 (15.5%) 117 (22.1%)
Other 4015 (5.0%) 68 (12.8%)
Asian/Pacific Islander
fee 4314 (5.3%) 24 (4.5%)
Ethnicity 0.52
Hispanic Patients 11,977 (14.8%) 71 (13.4%)
Non-Hispanic Patients 67,405 (83.1%) 450 (84.9%)
Other 1715 (2.1%) 9 (1.7%)
Sex 0.596
Male 40,836 (50.4%) 273 (51.5%)
Female 40,261 (49.6%) 257 (48.5%)
Insurance <0.001
Uninsured 5899 (7.3%) 4 (0.8%)
Private Insurance 52,853 (65.2%) 365 (68.9%)
Medicaid 16,335 (20.1%) 113 (21.3%)
Medicare 2941 (3.6%) 32 (6.0%)
Other Government 3069 (3.8%) 16 (3.0%)
Insurance
Diagnosis stage <0.001
Stage 0 1947 (2.4%) 16 (3.0%)
Stage I 9881 (12.2%) 61 (11.5%)
Stage II 6870 (8.5%) 96 (18.1%)
Stage III 10,207 (12.6%) 145 (27.4%)
Stage IV 17,948 (22.1%) 179 (33.8%)
Unknown 34,244 (42.2) 33 (6.2%)

Insurance status differed significantly between the TUHS and NCDB (p < 0.001).
Compared with the NCDB, TUHS patients were less likely to be uninsured (0.8% vs. 7.3%)
and more likely to have Medicare coverage (6.0% vs. 3.6%).

When stratified by race, disparities in insurance access persisted, with a higher per-
centage of Black patients being uninsured compared with white patients in both NCDB
(9.3% vs. 6.9%) and TUHS (1.7% vs. 0%). Black patients at TUHS and in the NCDB were
more likely to rely on Medicaid and Medicare compared to white patients. Compared
with the NCDB, patients in TUHS were more likely to present with advanced-stage dis-
ease, including stage III disease (27.4% vs. 12.6%) and stage IV disease (33.8% vs. 22.1%)
(p < 0.001). Because stage was unknown for a substantially higher proportion of NCDB
patients than TUHS patients (42.2% vs. 6.2%), we performed a complete-case sensitivity
analysis excluding patients with unknown stage. The overall difference in stage distribution
remained statistically significant (p < 0.001), although the magnitude of the difference was
attenuated (Supplementary Table S1). In a multivariable multinomial logistic regression
analysis restricted to patients with known stage, TUHS cohort membership remained as-
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sociated with stage at diagnosis after adjustment for age, sex, race, Hispanic origin, and
insurance status. Compared with NCDB patients, TUHS patients had higher adjusted
relative probabilities of presenting with Stage II rather than Stage 0/I disease (adjusted
relative risk ratio [aRRR], 1.94; 95% CI, 1.43-2.62; p < 0.001), Stage III rather than Stage 0/1I
disease (aRRR, 1.84; 95% CI, 1.39-2.43; p < 0.001), and Stage IV rather than Stage 0/I disease
(aRRR, 1.35; 95% CI, 1.03-1.77; p = 0.032) (Supplementary Table S2). Disease-specific stage
and treatment characteristics by cohort are provided in Supplementary Table S3.

Descriptive differences in the distribution of GI malignancies were observed across
racial groups within both cohorts (Tables 2 and 3). Black patients appeared to have higher
proportions of pancreatic, small intestine, and anal cancers than white patients in both
the TUHS and NCDB cohorts, with more pronounced differences in the TUHS cohort
(pancreatic: 13.7% vs. 7.2%; small intestine: 8.5% vs. 6.2%; anal: 5.1% vs. 1.2%). Conversely,
rectal cancer was less common among Black patients than white patients in both cohorts
(NCDB: 13.4% vs. 17.2%; TUHS: 9.4% vs. 18.7%). At TUHS, Black patients also had slightly
higher proportions of colon/rectosigmoid (42.8% vs. 41.7%), esophageal (3.4% vs. 3.1%),
and intra-biliary (2.6% vs. 2.5%) cancers than white patients, whereas the opposite pattern
was observed in the NCDB. Across both cohorts, Asian/Pacific Islander patients had the
highest proportions of stomach and liver cancers, with the largest differences observed
relative to White patients. However, the overall distribution of primary tumor sites did not
differ significantly across racial groups within TUHS (p = 0.184). In contrast, differences in
the distribution of primary tumor sites across racial groups were statistically significant
within the larger NCDB cohort (p < 0.001). These findings should therefore be interpreted
as descriptive patterns within TUHS rather than evidence of statistically established racial
differences in cancer subtype distribution.

Table 2. NCDB Patient Characteristics.

Asian /Pacific
Islander
(N = 4314)

White Black (01154

(N =12,559) NELE) p-Value

(N = 60,209)

Age at Diagnosis

(Years) 32.9 33.2 32.63 33.33 <0.001
Sex <0.001
Male 30,475 (50.6%) 6112 (48.7%) 2058 (51.3%) 2191 (50.8%)
Female 29,734 (49.4%) 6447 (51.3%) 1957 (48.7%) 2123 (49.2%)
Ethnicity <0.001
Hispanic 10,136 (16.8%) 270 (2.1%) 1512 (37.7%) 59 (1.4%)
Non-Hispanic 49,169 (81.7%) 12,127 (96.6%) 1906 (47.5%) 4203 (97.4%)
Other 904 (1.5%) 162 (1.3%) 597 (14.9%) 52 (1.2%)
Insurance <0.001
Uninsured 4165 (6.9%) 1174 (9.3%) 398 (9.9%) 162 (3.8%)
Private Insurance 41,131 (68.3%) 6446 (51.3%) 2214 (55.1%) 3062 (71.0%)
Medicaid 10,695 (17.8%) 3759 (29.9%) 1027 (25.6%) 854 (19.8%)
Medicare 1971 (3.3%) 752 (6.0%) 125 (3.1%) 93 (2.2%)
Other Government 2247 (3.7%) 428 (3.4%) 251 (6.3%) 143 (3.3%)
Diagnosis Stage <0.001
Stage 0 1375 (2.3%) 409 (3.3%) 97 (2.4%) 66 (1.5%)
Stage I 7333 (12.2%) 1488 (11.8%) 493 (12.3%) 567 (13.1%)
Stage 11 5017 (8.3%) 1165 (9.3%) 312 (7.8%) 376 (8.7%)
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Table 2. Cont.

Asian /Pacific
Islander
(N =4314)

White Black Other
(N =60,209) (N =12,559) (N =4015)

p-Value

Stage III 7564 (12.6%) 1570 (12.5%) 470 (11.7%) 603 (14.0%)
Stage IV 13,044 (21.7%) 2910 (23.2%) 899 (22.4%) 1095 (25.4%)
Unknown 25,876 (43.0%) 5017 (39.9%) 1744 (43.4%) 1607 (37.3%)
Primary site <0.001
Anus 1790 (3.0%) 1097 (8.7%) 105 (2.6%) 42 (1.0%)
Colon 26,267 (43.6%) 4874 (38.8%) 1586 (39.5%) 1501 (34.8%)
Esophagus 1368 (2.3%) 160 (1.3%) 61 (1.5%) 55 (1.3%)
Gallbladder 338 (0.6%) 110 (0.9%) 37 (0.9%) 38 (0.9%)
Intra-biliary 868 (1.4%) 146 (1.2%) 69 (1.7%) 81 (1.9%)

Liver

1732 (2.9%

551 (4.4%)

142 (3.5%)

361 (8.4%)

Small Intestine

706 (5.6%)

168 (4.2%)

148 (3.4%)

)
2613 (4.3%)
)

Stomach 5032 (8.4% 1299 (10.3%) 553 (13.8%) 634 (14.7%)
Pancreas 4551 (7.6%) 1075 (8.6%) 325 (8.1%) 300 (7.0%)
Peritoneum 383 (0.6%) 69 (0.5%) 32 (0.8%) 24 (0.6%)
Rectosigmoid 3031 (5.0%) 405 (3.2%) 159 (4%) 160 (3.7%)
Rectum 10,381 (17.2%) 1678 (13.4%) 655 (16.3%) 807 (18.7%)
Retroperitoneal 886 (1.5%) 164 (1.3%) 65 (1.6%) 62 (1.4%)
Time to Treatment 221 24.88 24.87 24.62

(Mean)

Table 3. TUHS Patient Characteristics.

Asian /Pacific
Islander

White (N =321) Black (N =117)

Other (N = 68)

(N =24)

Age at Diagnosis

(Years) 37.88 36.67 37.35 37.96 0.526
Sex 0.986
Male 164 (51.1%) 62 (53.0%) 35 (51.5%) 12 (50.0%)
Female 157 (48.9%) 55 (47.0%) 33 (48.5%) 12 (50.0%)
Ethnicity <0.001
Hispanic 31 (9.7%) 3 (2.6%) 37 (54.4%) 0 (0.0%)
Non-Hispanic 287 (89.4%) 114 (97.4%) 25 (36.8%) 24 (100.0%)
Other 3 (0.9%) 0 (0%) 6 (8.8%) 0 (0%)
Insurance <0.001
Uninsured 0 (0.0%) 2 (1.7%) 2 (2.9%) 0 (0.0%)
Private Insurance 256 (79.8%) 56 (47.9%) 36 (52.9%) 17 (70.8%)
Medicaid 43 (13.4%) 42 (35.9%) 23 (33.8%) 5 (20.8%)
Medicare 11 (3.4%) 13 (11.1%) 7 (10.3%) 1 (4.2%)
Other Government 11 (3.4%) 4 (3.4%) 0 (0%) 1 (4.2%)
Diagnosis Stage 0.07
Stage 0 11 (3.4%) 2 (1.7%) 2 (2.9%) 1 (4.2%)
Stage I 47 (14.6%) 8 (6.8%) 6 (8.8%) 0 (0.0%)
Stage 11 53 (16.5%) 26 (22.2%) 15 (22.1%) 2 (8.3%)
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Table 3. Cont.

White (N = 321)

Black (N = 117)

Other (N = 68)

Asian /Pacific
Islander
(N =24)

p-Value

Stage III 84 (26.2%) 26 (22.2%) 22 (32.4%) 13 (54.2%)
Stage IV 105 (32.7%) 48 (41.0%) 19 (27.9%) 7 (29.2%)
Unknown 21 (6.5%) 7 (6.0%) 4 (5.9%) 1 (4.2%)
Primary site 0.184
Anus 4 (1.2%) 6 (5.1%) 3 (4.4%) 0 (0.0%)
Colon 121 (37.7%) 45 (38.5%) 25 (36.8%) 10 (41.7%)
Esophagus 10 (3.1%) 4 (3.4%) 1 (1.5%) 1 (4.2%)
Gallbladder 2 (0.6%) 0 (0.0%) 0 (0.0%) 1 (4.2%)
Intra-biliary 8 (2.5%) 3 (2.6%) 1 (1.5%) 0 (0.0%)
Liver 11 (3.4%) 2 (1.7%) 1 (1.5%) 2 (8.3%)
Small Intestine 20 (6.2%) 10 (8.5%) 2 (2.9%) 1 (4.2%)
Stomach 30 (9.3%) 9 (7.7%) 12 (17.6%) 4 (16.7%)
Pancreas 23 (7.2%) 16 (13.7%) 7 (10.3%) 0 (0.0%)
Peritoneum 5 (1.6%) 1 (0.9%) 0 (0%) 0 (0.0%)
Rectosigmoid 13 (4.0%) 5 (4.3%) 3 (4.4%) 1 (4.2%)
Rectum 60 (18.7%) 11 (9.4%) 11 (16.2%) 3 (12.5%)
Retroperitoneum 8 (2.5%) 3 (2.6%) 0 (0%) 0 (0.0%)
Time to Treatment 28.94 31.77 33.46 2333 0.509

(Mean)

Time from initial diagnosis to first treatment was right-skewed in both cohorts. The

median time to treatment initiation was 24 days at TUHS (IQR, 4.0-41.75), compared with
13 days in the NCDB cohort (IQR, 0-32). The corresponding mean times were 29.89 days
(SD, 33.45; range, 0-307) and 22.80 days (SD, 38.21; range, 0-1488), respectively. After
adjustment for age, sex, race, Hispanic origin, insurance status, and disease stage, the median
time from diagnosis to first treatment did not differ significantly between TUHS and NCDB
patients (adjusted median difference, 0.38 days; p = 0.767) (Supplementary Table S4).

Within TUHS, the time from diagnosis to treatment initiation was 28.94 (IQR, 5.0-41)
days for white patients and 31.77 (IQR, 4.0-44) days for Black patients. This was significantly
longer than the national average, where White patients were initiated on treatment within
22.1 (IQR, 0-31) days and Black patients within 24.88 days (IQR, 0-36) (p < 0.001).

In descriptive analyses, the unadjusted estimated 5-year overall survival probability
for all gastrointestinal malignancies was 66.8% (95% Cl, 62.6-71.4%) in the TUHS cohort
and 66.9% (95% Cl, 66.5-67.3%) in the NCDB cohort. No direct or multivariable-adjusted
comparison of survival between the cohorts was performed.

Among patients treated at TUHS, those from Pennsylvania demonstrated longer me-
dian overall survival compared with patients from other states (166 vs. 113 months);
however, this difference was not statistically significant (p = 0.38, Figure 1). Specifically
looking at the subset of patients from Pennsylvania who were treated at TUHS, when com-
paring the OS between cancer sites, there was a statistically significant difference in the OS
(p = 0.0011, Figure 2). OS between cancer sites in patients from outside Pennsylvania who
were treated at TUHS showed no statistically significant differences (p = 0.36, Figure 3).
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Figure 1. OS between patients from PA and other states who were treated at TUHS.
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Figure 2. OS between cancer site in patients from Pennsylvania who were treated at TUHS.
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Figure 3. OS between cancer site in patients from other states (not PA) who were treated at TUHS.

4. Discussion

Our analysis indicates that while the TUHS cohort is not nationally representative with
respect to all demographic characteristics or disease-specific factors, the overall distribution
of GI malignancy types closely parallels that observed in the national cohort. As such, the
study population broadly parallels the spectrum of GI malignancies encountered nationally
in the YA population, with reflection of the unique demographic and clinical characteristics
of a large urban safety net health system. These differences provide the opportunity to
better understand patient populations that are under-represented or potentially not precisely
represented in national data sets.

Within both cohorts, male:female, non-Hispanic:Hispanic, and frequency of patients
identifying as Asian were similar, with the TUHS population having a slightly older pop-
ulation (37.6 vs. 32.9 years of age) and more Black patients (22.1% vs. 15.5%). The most
prevalent diagnosis in both cohorts was colorectal cancer, consistent with the rise in colorec-
tal cancer seen nationally and internationally. (57.1% of TUHS cohort, 59.7% NCDB cohort).

Notably, there were differences in the relative frequency of GI cancer subtypes across
racial groups present in both cohorts. While this study is not intended to provide a targeted
exploration of the factors causing these differences, in the following text we provide some
hypothesis-generating discussion below that requires dedicated, focused studies. Anal
cancer had a higher frequency in Black patients compared to all other races. Although the
cause of this disparity is likely multifactorial and factors contributing to the observed differ-
ences cannot be determined from our analysis, we postulate that lower uptake of the human
papillomavirus (HPV) vaccination in some underserved communities, in conjunction with
differences in access to preventive healthcare and screening, may contribute to this pattern.
Our findings highlight the importance of future investigations incorporating patient-level
clinical, behavioral, and healthcare access data to better characterize potential contributors
to differences in cancer presentation across racial and ethnic populations. Given that 90% of
anal cancers are attributable to persistent HPV infection, these findings underscore the need
for targeted public health initiatives to improve HPV vaccine awareness, assess barriers to
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preventive care, and increase vaccination coverage [4]. Also noted was a disproportionately
higher frequency of liver and stomach cancers seen in patients identifying as Asian in both
cohorts. Liver cancer within the general YA population has been primarily attributed to
alcohol use and metabolic risk factors. It can be hypothesized that, specifically in the Asian
population, metabolic dysfunction-associated steatotic liver disease (MASLD) is the most
common form of chronic liver disease, and patients from the Asia—Pacific region carry
more genetic variants associated with MASLD relative to white patients. Additionally,
chronic hepatitis B remains the key cause of liver-related deaths in Asian patients, but liver
cancer as a result of hepatitis B generally takes decades to occur, making this likely less of
an influence in the YA liver cancer population [9-14]. The rise in YA stomach cancer has
not been robustly studied; however, general risk factors include chronic H. pylori infection,
chronic acid reflux, smoking, alcohol, and diets high in preserved food [10]. Continuing
education on the risks of alcohol use and tobacco use may prevent the long-term effects of
metabolic syndrome, which is paramount for all YA to prevent this aggressive malignancy
and chronic disease overall.

However, our TUHS cohort undoubtedly demonstrated demographic and clinical
differences from the national cohort that highlight the need for detailed investigations into
factors that may necessitate population-specific models of care. Notably, TUHS presented
with a higher burden of advanced-stage disease, and longer time to treatment initiation,
compared with national cohorts, with both findings potentially portending worse prognoses.
Among patients with documented stage, differences in stage at diagnosis persisted following
adjustment for measured demographic characteristics and insurance status. In contrast,
the difference in median time to treatment initiation was no longer statistically significant
following multivariable adjustment. Although these findings suggest differences in clinical
presentation between cohorts, the potential influence of residual confounding, institutional
referral patterns, and differential stage documentation warrants cautious interpretation.
These observations should therefore be considered exploratory and hypothesis-generating
rather than definitive evidence of disparities.

The higher proportion of advanced-stage gastrointestinal malignancies observed within
the TUHS cohort warrants further investigation. Differences in stage documentation be-
tween the TUHS and NCDB cohorts may contribute to the observed variation in stage
distribution. Importantly, differences in healthcare access, socioeconomic conditions, re-
ferral patterns, and environmental exposures may influence cancer presentation; however,
these factors were not comprehensively evaluated in the present analysis. Examples of ac-
tively studied exposures in Pennsylvania include unregulated hazardous waste disposal and
cumulative exposure to unconventional natural gas development [15]. These are just two
examples (in addition to smoking, alcohol use, lack of exercise, obesity) of other potential
exposures that can be seen within this region and other highly populated urban centers that
increase the risk of malignancy. Further, delayed diagnosis may play a significant role, with
a large portion of the patient population falling within a socioeconomically underserved
area, which may limit patients” ability to access healthcare services and a timely diagno-
sis [8,9]. Future studies incorporating detailed patient-level socioeconomic characteristics,
geographic exposures, healthcare utilization, and diagnostic intervals are necessary to
identify factors associated with advanced-stage presentation in this population.

TUHS serves a greater proportion of Black and Hispanic patients compared to the
national averages, and these populations have been shown in external studies to have sig-
nificantly greater delays in treatment initiation using adjusted Cox models (Asian/Pacific
Islanders 5.3%, Hispanic 4.2%, Black 3.4%, White 2.2%, p < 0.05). Longer time to treat-
ment initiation has consistently led to poorer outcomes and increased overall mortality.
Nationally, YA Black patients, regardless of time to treatment initiation, also have lower OS
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and higher cancer-related mortality compared to other racial groups [16]. Although the
unadjusted time to treatment initiation was longer within TUHS compared with the NCDB
cohort, this difference was no longer statistically significant following adjustment for age,
sex, race, Hispanic origin, insurance status, and disease stage. Importantly, within TUHS,
the time from diagnosis to treatment initiation was significantly longer than the national
average. These findings suggest that differences in measured patient and disease character-
istics may account for some of the observed variation in treatment timing- Although our
analysis was not designed to determine whether these factors directly contributed to the
observed patterns, potential explanations may include limited access to age-appropriate
cancer screenings, inability to afford medical care, and poor health literacy that counteracts
the protective effect early treatment initiation may have. Greater reliance on government
insurance has also been associated with delayed care and longer wait times to receive radia-
tion and chemotherapy, particularly in Black patients [17]. A focused study exploring the
implications of these factors, such as comprehensive measures of healthcare access, social
determinants of health, and institutional care pathways, is needed to better characterize
factors associated with treatment initiation among YA with GI malignancies.

Within TUHS specifically, several disease-specific patterns arose. First, all patients
had a higher frequency of esophageal cancer and small intestinal cancer relative to the
national cohort. From a survival perspective, when comparing all young adult patients
with CRC in both Pennsylvania and other states, they had a longer median OS compared to
stomach cancer and pancreatic cancer. Likely explanations include the ability to detect CRC
at earlier stages, as it is more likely to present symptoms such as rectal bleeding or changes
in bowel movements, thus prompting evaluation, in addition to generally more treatment
options and targeted therapies in CRC. Additionally, pancreatic cancer represented a higher
proportion of disease within the Black patient population relative to White patients, which
is consistent with average-age-onset disease, with those identifying as Black having a 50%
to 90% higher risk of developing the disease than other racial groups [18].

Importantly, despite these differences in disease severity, access to care, time to treat-
ment initiation, and a higher burden of socioeconomic factors, the TUHS and NCDB cohorts
demonstrated similar unadjusted five-year overall survival estimates. No formal adjusted
survival comparison was performed, and these descriptive estimates should not be inter-
preted as demonstrating equivalent outcomes between the two populations. However, these
results point to the fact that encouraging survival outcomes can be achieved in caring for
disproportionately higher-risk and underserved populations. Although access to multi-
disciplinary cancer care, clinical trials and specialized oncology services may contribute
to improved outcomes in certain populations, potentially reducing the adverse impact of
advanced disease and structural inequities, the present study did not directly evaluate
the utilization or effectiveness of these resources, and they therefore cannot be attributed
to specific institutional care practices. Further research is warranted to understand these
protective factors.

Additionally, targeted interventions aimed at improving early detection, expediting
treatment initiation, and addressing race-specific and site-specific cancer disparities are
needed to mitigate the growing burden of YA GI cancers in underserved populations. Prior
studies have suggested that targeted interventions such as patient outreach specialists who
assist patients in navigating the healthcare system, electronic health record reminders for
primary care providers, as well as direct patient education have been shown to increase
cancer screening and awareness [19]. However, despite evidence that community outreach
efforts increase awareness and participation, there are limited data on mortality reduction.
Longitudinal data are needed to understand whether screening efforts directly translate into
improved survival or if other factors contribute to overall reduced mortality in this group.
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Limitations

This study has limitations inherent to its design that may influence the outcomes
described above. The data received from the NCDB has its own set of limitations, which
include potential selection and coding biases, lack of detailed treatment and recurrence data,
absence of cancer-specific survival outcomes, and limited generalizability to patients treated
outside of the Commission on Cancer-Accredited Centers. Therefore, findings do not repre-
sent outcomes from patients treated at non-accredited centers. Additionally, although some
demographic and socioeconomic variables are included, the database lacks comprehensive
measures of structural racism, access to care, social determinants of health, and patient-level
barriers, thus limiting our comparison to the patient population at TUHS/FCCC.

Additional limitations include our own dataset, which is dependent upon appropriate
disease-specific coding by physicians, possibly resulting in a decreased total population for
analysis than the true total YA GI cancer population. Our dataset is also limited by prede-
fined age cutoffs. Our study utilized an age range of 18-44 years because the institutional
data available through the TUHS were categorized using this prespecified age grouping.
To ensure consistency and comparability between the NCDB cohorts, we applied the same
age criteria to both populations. Inclusion of patients aged 40—44 years may influence the
observed distribution of cancer subtypes, clinicopathologic characteristics, and clinical
outcomes, while exclusion of patients aged 4549 years limits the generalizability of our
findings to the broader early-onset cancer population. Accordingly, these findings should
be interpreted within the context of the defined study population rather than extrapolated
to all young adults or individuals with EO GI malignancies. Furthermore, the TUHS cohort
represents the experience of a single safety-net academic medical system with a relatively
modest sample size, limiting the statistical power of subgroup analyses, particularly those
stratified by cancer site or patient residence. Patients included in the dataset were treated
at TUHS/FCCC irrespective of their home state. Although most patients were from the
greater Philadelphia region, some patients included were from other states, including New
Jersey and Delaware. An additional limitation is the facility-based nature of both the TUHS
and NCDB cohorts, which precludes the calculation of population-based cancer incidence
rates. Consequently, the observed differences in the relative frequency of GI malignancies
reflect case distributions within the respective healthcare systems rather than differences in
cancer incidence among the underlying populations. Furthermore, institutional referral
patterns, geographic catchment areas and healthcare access may influence the composition
of each cohort. Accordingly, these findings should be interpreted as differences in the
characteristics and clinical presentation of patients represented within these datasets rather
than as estimates of population-level cancer risk or incidence.

Additionally, neither dataset provided comprehensive patient-level information re-
garding environmental and occupational exposures, lifestyle factors, socioeconomic circum-
stances, or barriers to healthcare access. As such, the present analysis cannot determine
whether these factors contributed to the observed differences in cancer presentation or clini-
cal characteristics between cohorts. Any proposed associations involving these unmeasured
variables should therefore be considered hypothesis-generating and require evaluation in
future studies.

Despite these limitations, our study provides valuable insight into existing disparities,
patient disease trends, and outcomes amongst YA GI malignancies at a primary safety-net
hospital in Philadelphia, Pennsylvania. Further, the demographic differences observed
between TUHS and NCDB underscore the need to move beyond descriptive epidemiology
and toward integrated translational and clinical research that addresses the unique biol-
ogy of gastrointestinal cancers in YA. Future investigations should leverage institutional
biospecimen repositories, comprehensive molecular profiling, and longitudinal clinical data

https://doi.org/10.3390/cancers18213539


https://doi.org/10.3390/cancers18213539

Cancers 2026, 18, 3539

13 of 14

to define the genomic, epigenetic, exposomal and microbiome-associated mechanisms that
contribute to EO disease in addition to the distinct clinical behavior of these malignancies.
Linking these molecular signatures with detailed treatment and outcome data may identify
biologically relevant therapeutic targets, predictive biomarkers of treatment response, and
mechanisms of resistance that are enriched in YA. Such efforts could facilitate the develop-
ment of biomarker-driven clinical trials, evaluating novel precision medicine approaches
specifically designed for EO GI cancers. Furthermore, the diverse patient population served
by TUHS provides a unique opportunity to investigate molecular differences across racial
and ethnic groups, helping to elucidate biological contributors to disparities while ensuring
that emerging therapeutic advances are equitable and broadly applicable. By integrating
population-based clinical observations with translational discovery, future research has the
potential to accelerate the translation of molecular insights into personalized therapeutic
strategies that improve outcomes for YA with GI malignancies.

5. Conclusions

In conclusion, YA patients with GI malignancies at TUHS present with advanced
disease at diagnosis and longer time to treatment initiation and represent a greater propor-
tion of Black patients compared with the national cohort. Numerical differences in cancer
subtype distribution, stage at diagnosis, and time to treatment initiation were observed
across racial groups within TUHS, but these differences did not reach statistical significance
and should be considered exploratory. Although no adjusted survival comparison was
performed, estimated overall survival for all GI malignancies combined was similar between
the TUHS and NCDB cohorts, suggesting that comparable outcomes may be achievable
within safety-net health systems serving higher-risk populations. Additional studies and
data are needed to further understand the role these protective factors have in achieving
equitable outcomes, along with integrating translational and clinical research that elucidates
the genomic, epigenetic, exposomal, and microbiome-associated mechanisms underlying
EO gastrointestinal cancers, enabling the development of personalized treatment strategies.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/cancers18213539/s1. Table S1: Patient Characteristics; Table S2.
Adjusted association between cohort and stage at diagnosis among patients with known stage; Table S3.
Disease-specific stage and treatment characteristics by cohort. Supplemental Table S4. Adjusted
median regression analysis of days from diagnosis to treatment initiation.

Author Contributions: R.T.—Study conceptualization, data collection, manuscript drafting, and re-
view; A.S5.—Study coordination, data collection, manuscript drafting, and review; L.Z.—Data analysis,
statistical analysis, manuscript drafting, and review; S.H.G.—Study conceptualization, manuscript
drafting, and review; ].E.M.—Manuscript drafting and review; C.C.—Study conceptualization, study
coordination, data collection, manuscript drafting, and review. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was exempt from review by the Fox Chase
Cancer Center Institutional Review Board. Exemption was approved on 13 November 2025. The IRB
determined that this submission meets the criteria for Waiver of Authorization for Use or Disclosure
outlined in 45 CFR 164.512(i)(2). The study was performed in accordance with the Declaration
of Helsinki.

Informed Consent Statement: No identifiers were included in this study. The local Institutional
Review Board approved a waiver of informed consent.

Data Availability Statement: Data supporting the results of this study may be requested by contacting
the corresponding author. All data will be de-identified.

https://doi.org/10.3390/cancers18213539


https://www.mdpi.com/article/10.3390/cancers18213539/s1
https://www.mdpi.com/article/10.3390/cancers18213539/s1
https://doi.org/10.3390/cancers18213539

Cancers 2026, 18, 3539 14 of 14

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Koh, B,; Tan, D.J.H.; Ng, C.H.; Fu, C.E,; Lim, W.H.; Zeng, R.W.,; Yong, ].N.; Koh, ].H.; Syn, N.; Meng, W.; et al. Patterns in Cancer
Incidence Among People Younger Than 50 Years in the US, 2010 to 2019. JAMA Netw. Open 2023, 6, €2328171. [CrossRef]

2. Kim, B.J.; Hanna, M.H. Colorectal cancer in young adults. J. Surg. Oncol. 2023, 127, 1247-1251. [CrossRef] [PubMed]

3. diMartino, E.; Smith, L.; Bradley, S.H.; Hemphill, S.; Wright, J.; Renzi, C.; Bergin, R.; Emery, J.; Neal, R.D. Incidence trends for
twelve cancers in younger adults-a rapid review. Br. J. Cancer 2022, 126, 1374-1386. [CrossRef] [PubMed ]

4, Guerendiain, D.; Grigorescu, R.; Kirk, A.; Stevenson, A.; Holden, M.T.G; Pan, J.; Kavanagh, K.; Graham, S.V.; Cuschieri, K. HPV
status and HPV16 viral load in anal cancer and its association with clinical outcome. Cancer Med. 2022, 11, 4193-4203. [CrossRef]

5. Wang, W.; Chen, W,; Lin, J.; Shen, Q.; Zhou, X.; Lin, C. Incidence and characteristics of young-onset colorectal cancer in
the United States: An analysis of SEER data collected from 1988 to 2013. Clin. Res. Hepatol. Gastroenterol. 2019, 43,
208-215. [CrossRef] [PubMed ]

6. Aloysius, M.M.; Nikumbh, T.; Yadukumar, L.; Asija, U.; Shah, N.J.; Aswath, G.; John, S.; Goyal, H. National Trends in the Incidence
of Sporadic Malignant Colorectal Polyps in Young Patients (2049 Years): An 18-Year SEER Database Analysis. Medicina 2024,
60, 673. [CrossRef] [PubMed ]

7. Bureau, U.S.C. American Community Survey 2013-2017. 2018. Available online: https://www.census.gov/newsroom/press-
kits/2018/acs-5year.html (accessed on 22 September 2026).

8. Singh, G.K.; Jemal, A. Socioeconomic and Racial/Ethnic Disparities in Cancer Mortality, Incidence, and Survival in the
United States, 1950-2014: Over Six Decades of Changing Patterns and Widening Inequalities. J. Environ. Public Health 2017,
2017, 2819372. [CrossRef]

9. Li, S;; He, Y; Liu, J.; Chen, K;; Yang, Y.; Tao, K.; Yang, J.; Luo, K.; Ma, X. An umbrella review of socioeconomic status and cancer.
Nat. Commun. 2024, 15, 9993. [ CrossRef]

10.  Institute, N.C. Stomach Cancer Causes and Risk Factors Was Originally Published by the National Cancer Institute. 2025. Available
online: https://www.cancer.gov/types/stomach/causes-risk-factors (accessed on 29 October 2026).

11.  Pinheiro, P.S.; Zhang, J.; Setiawan, V.W.; Cranford, H.M.; Wong, R.J.; Liu, L. Liver Cancer Etiology in Asian Subgroups and
American Indian, Black, Latino, and White Populations. JAMA Netw. Open 2025, 8, €252208. [CrossRef] [PubMed ]

12.  Tang, L.S.Y,; Covert, E.; Wilson, E.; Kottilil, S. Chronic Hepatitis B Infection: A Review. JAMA 2018, 319, 1802-1813. [CrossRef]
[PubMed ]

13.  Mak, L.-Y;; Liu, K.; Chirapongsathorn, S.; Yew, K.C.; Tamaki, N.; Rajaram, R.B.; Panlilio, M.T.; Lui, R.; Lee, H-W.; Lai, ].C.-T.; et al.
Liver diseases and hepatocellular carcinoma in the Asia-Pacific region: Burden, trends, challenges and future directions. Nat. Rev.
Gastroenterol. Hepatol. 2024, 21, 834-851. [CrossRef]

14. Liu, Q.; Zhang, H.; Wang, S.; Ye, C.; Wei, W.; Fu, J.; Wang, H.; Zhao, X. Burden of primary liver cancer and underlying etiologies
among young adults from 1990 to 2021 and modelled Projection to 2050. Cancer Lett. 2026, 642, 218272. [CrossRef]

15.  Talbott, E.O.; Arena, V.C.; Wang, R.; Wu, E,; Price, N.; Buchanich, ] M.; Hoffman, C.A.; Bear, T.; Lichtveld, M.; Yuan, ].M. Cumulative
Exposure to Unconventional Natural Gas Development and the Risk of Childhood Cancer: A Registry-Based Case-Control Study.
Int. ]J. Environ. Res. Public Health 2025, 22, 68. [ CrossRef]

16. Tsai, M.-H.; Cortes, J.E.; Lee, M.; Sifuentes, H.; Bae, S. Treatment Delays and Survival Divides: Race, Sex, and Early-Onset
Colorectal Cancer Disparities. Cancer Res. Commun. 2026, 6, 235-244. [ CrossRef]

17.  Lee, D.Y.; Teng, A.; Pedersen, R.C.; Tavangari, F.R.; Attaluri, V.; McLemore, E.C.; Stern, S.L.; Bilchik, A.J.; Goldfarb, M.R. Racial
and Socioeconomic Treatment Disparities in Adolescents and Young Adults with Stage II-III Rectal Cancer. Ann. Surg. Oncol.
2016, 24, 311-318. [CrossRef] [PubMed |

18. Khawja, S.N.; Mohammed, S.; Silberfein, E.].; Musher, B.L.; Fisher, W.E.; Van Buren, G. Pancreatic Cancer Disparities in African
Americans. Pancreas 2015, 44, 522-527. [CrossRef] [PubMed ]

19. Jain, S.; Galoosian, A.; Badiee, J.; Meshkat, S.; May, FE.P. 5255 Assessing the Impact of a Multi-Component Health System

Intervention to Address Low Colorectal Cancer Screening Participation in Patients With a Family History of Colorectal Cancer.
Am. J. Gastroenterol. 2022, 117, €180. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury

to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/cancers18213539


https://doi.org/10.1001/jamanetworkopen.2023.28171
https://doi.org/10.1002/jso.27320
https://www.ncbi.nlm.nih.gov/pubmed/37222697
https://doi.org/10.1038/s41416-022-01704-x
https://www.ncbi.nlm.nih.gov/pubmed/35132237
https://doi.org/10.1002/cam4.4771
https://doi.org/10.1016/j.clinre.2018.09.003
https://www.ncbi.nlm.nih.gov/pubmed/30686691
https://doi.org/10.3390/medicina60040673
https://www.ncbi.nlm.nih.gov/pubmed/38674319
https://www.census.gov/newsroom/press-kits/2018/acs-5year.html
https://www.census.gov/newsroom/press-kits/2018/acs-5year.html
https://doi.org/10.1155/2017/2819372
https://doi.org/10.1038/s41467-024-54444-2
https://www.cancer.gov/types/stomach/causes-risk-factors
https://doi.org/10.1001/jamanetworkopen.2025.2208
https://www.ncbi.nlm.nih.gov/pubmed/40146106
https://doi.org/10.1001/jama.2018.3795
https://www.ncbi.nlm.nih.gov/pubmed/29715359
https://doi.org/10.1038/s41575-024-00967-4
https://doi.org/10.1016/j.canlet.2026.218272
https://doi.org/10.3390/ijerph22010068
https://doi.org/10.1158/2767-9764.crc-25-0659
https://doi.org/10.1245/s10434-016-5626-0
https://www.ncbi.nlm.nih.gov/pubmed/27766558
https://doi.org/10.1097/mpa.0000000000000323
https://www.ncbi.nlm.nih.gov/pubmed/25872128
https://doi.org/10.14309/01.ajg.0000857660.66008.d7
https://doi.org/10.3390/cancers18213539

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References



