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Abstract 

Background: The rate of esophagogastric cancer is rising among individuals under 50 years of age. It remains unknown whether 
early-onset esophagogastric cancer represents a unique entity. This study investigated the clinical and molecular characteristics of 
early-onset and average-onset esophagogastric cancer . 

Methods: We reviewed the Memorial Sloan Kettering Cancer Center gastric, esophageal, and gastroesophageal junction cancer data-
base. Associations between baseline characteristics and tumor and germline molecular alterations were compared between those 
with early-onset and average-onset esophagogastric cancer using Fisher exact tests and the Benjamini-Hochberg method for 
multiple-hypothesis correction. 

Results: We included 1123 patients with early-onset esophagogastric cancer (n¼219; median age¼ 43 years [range¼18-49 years]) 
and average-onset esophagogastric cancer (n¼ 904; median age¼67 years [range¼50-94 years]) treated between 2005 and 2018. The 
early-onset group had more women (39% vs 28%, P¼ .002). Patients with early-onset esophagogastric cancer were more likely to have 
a gastric primary site (64% vs 44%, P< .0001). The signet ring cell and/or diffuse type was 3 times more common in the early-onset 
esophagogastric cancer group (31% vs 9%, P< .0001). Early-onsite tumors were more frequently genomically stable (31% vs 18%, 
P¼ .0002) and unlikely to be microsatellite instability high (2% vs 7%, P¼ .003). After restricting to adenocarcinoma and signet ring 
cell and/or diffuse type carcinomas, we observed no difference in stage (P¼ .40) or overall survival from stage IV diagnosis 
(median¼22.7 vs 22.1 months, P¼ .78). 

Conclusions: Our study supported a preponderance of gastric primary disease sites, signet ring histology, and genomically stable 
molecular subtypes in early-onset esophagogastric cancer. Our findings highlight the need for further research to define the underlying 
pathogenesis and strategies for early detection and prevention.   

The rates of gastric and esophageal cancers in patients younger 
than 50 years of age have increased by 30% and 50%, respec-
tively, in the United States since the 1990s (1,2). Together, these 
cancers are responsible for more than 100 000 deaths per year 
globally among individuals younger than 50 years (3,4). Although 
the rate of esophageal adenocarcinoma is rising similarly in the 
population, the overall incidence of gastric adenocarcinoma has 
decreased by more than 30% during this time, suggesting an eti-
ology specific to those under age 50. Clinical features of early- 
onset esophagogastric cancer that may ultimately enable earlier 
detection have been incompletely described in the literature. 

Although several germline alterations have been associated 
with the risk of esophagogastric cancer, germline abnormalities 
account for less than one-third of early-onset esophagogastric 
cancer cases (5,6). This rise in incidence of esophagogastric can-
cer among young patients correlates with increased rates of obe-
sity (7), changes in diet (8), and alterations in the environment, 
though varied evidence of the role of sex, obesity and other envi-
ronmental factors has led to an incomplete understanding of this 
trend (9,10). Prior studies have been limited by small sample size 
(9,10), lack of access to patient-level data in those studies gener-
ated from large national registries (11), and varied patient access 
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to care (12). Data are conflicting with regard to age as a prognos-
tic indicator (13,14). It therefore remains unknown whether 
early-onset esophagogastric cancer is a distinct entity relative to 
average-onset esophagogastric cancer. 

Understanding whether early-onset esophagogastric cancer is 
distinct from its average-onset counterpart is essential. This 
knowledge will affect whether standard diagnostic and treat-
ment paradigms designed for older individuals apply to these 
young patients. The purpose of this study was to compare the 
clinical, pathologic, molecular, and germline characteristics of 
early-onset and average-onset esophagogastric cancer. 

Methods 
Definition of early-onset esophagogastric cancer 
Current indications for upper gastrointestinal (GI) endoscopy 
based on American Society for Gastrointestinal Endoscopy guide-
lines include dysphagia or odynophagia; persistent or recurrent 
reflux, despite therapy; suspected chronic blood loss in the con-
text of iron deficiency–related anemia; and upper abdominal 
symptoms that are unresponsive to empiric therapy or are new 
in onset in a patient older than 50 years of age (15). The guide-
lines use 50 years of age as the cutoff for urgent endoscopy refer-
ral based on the low incidence of esophageal adenocarcinoma in 
men younger than 55 years of age (<5 per 100 000 between 1973 
and 2002) (10,16). Although the incidence remains less than 5 per 
100 000 among individuals under 50 years of age based on 2018 
data, the absolute incidence and mortality are increasing (3). For 
these reasons, we define early-onset esophagogastric cancer as an 
upper GI malignancy occurring before age 50. 

Patients 
We identified patients with a pathologic diagnosis of esophageal, 
gastroesophageal junction, or gastric cancer at Memorial Sloan 
Kettering Cancer Center. We included a sequential cohort of all 
patients diagnosed in 2018 in addition to the cohort of all patients 
who had undergone genomic profiling using the US Food and 
Drug Administration–authorized Integrated Mutation Profiling of 
Actionable Cancer Targets (MSK-IMPACT) assay of either their 
primary or metastatic tumor between 2005 and 2018. Adult 
patients (aged �18 years) were included. We abstracted clinical 
data from individual patient records, including demographics, 
pathology, sites of metastasis, stage at diagnosis, and surgical 
information. The study was approved by the Memorial Sloan 
Kettering Cancer Center Institutional Review Board. Written 
informed consent was obtained from patients for all genomic 
analyses. 

Clinical data collection 
To answer the question of whether patients with early-onset 
esophagogastric cancer present with distinct clinical characteris-
tics and risk factors compared with those with average-onset 
esophagogastric cancer, we conducted an additional retrospec-
tive review of the patients’ presenting clinical symptoms (includ-
ing time from symptom onset to diagnosis, body mass index 
[BMI] at diagnosis, presence or absence of weight loss [>5% body 
weight] at diagnosis, medical comorbidities, and smoking and 
alcohol use history). 

Somatic mutation analysis 
Patient tumors were sequenced using the MSK-IMPACT, a 
Clinical Laboratory Improvement Amendments–approved next- 
generation sequencing assay performed as part of standard 

management by physician decision for each patient. Genomic 
DNA was extracted from formalin-fixed, paraffin-embedded 
tumor samples, and matched normal blood samples were col-
lected. After capture of exons and selected introns of the genes 
included in the sequencing panel, pooled libraries were 
sequenced on the Illumina HiSeq 2500 system, which included 
up to 505 genes (17,18). The resulting sequences were run 
through an optimized informatic pipeline to identify somatic 
mutations, copy number alterations, and select structural rear-
rangements. Genomic alterations were filtered for oncogenic var-
iants using OncoKB (19), and genes were grouped into signaling 
pathways using curated pathway templates (20). The cases were 
subclassified into 4 groups by The Cancer Genome Atlas Network 
gastric adenocarcinoma criteria: Epstein-Barr virus, microsatel-
lite instability (MSI), genomically stable, and chromosomal insta-
bility (21). Genomic data will be available online at the time of 
publication. 

Germline analysis 
Blood-derived DNA was sequenced for germline analysis using a 
76- to 88-gene MSK-IMPACT panel (22). Germline analysis was 
offered prospectively at clinician discretion to patients who con-
sented to tumor genetic analysis on an institutional review 
board–approved protocol (17,18). 

Statistical analysis 
Categorical variables were compared using a 2-sided Fisher exact 
test to identify significant differences between patient groups— 
specifically, between those with early-onset (age <50 years) and 
average-onset disease. Continuous variables were compared 
between groups using a Wilcoxon test. Overall survival and 
progression-free survival were calculated using the Kaplan-Meier 
method and compared using a log-rank test. Cox proportional 
hazards models were used to generate hazard ratios and confi-
dence intervals. Subset analyses, including only patients with 
adenocarcinoma, were performed to determine whether the 
overall findings were influenced by inclusion of a small popula-
tion of patients with squamous and other histologies. Clinical 
and genomic features statistically significant on univariable 
analysis were then included in a multivariable model. R statisti-
cal software (R Foundation for Statistical Computing, Vienna, 
Austria) was used for analyses. 

Results 
Clinicopathologic characteristics of early-onset 
esophagogastric cancer 
We compared the demographic, clinical, and pathologic features of 
a total of 1123 patients (median age¼ 64 years [range¼ 18-94 
years]) with early-onset esophagogastric cancer (n¼ 219; median 
age¼ 43 years [range¼18-50 years]) and average-onset esophago-
gastric cancer (n¼ 904; median age¼ 67 years [range ¼ 50-94 years]) 
(Figure 1, A, Table 1, Supplementary Figure 1, A, available online) 
(23). Compared with the average-onset esophagogastric cancer 
cohort, the early-onset group consisted of a higher proportion of 
women (39% vs 28%, P¼ .002). Asian race was more common in the 
early-onset group (16% vs 9%, P¼ .002), and White race was less 
common (65% vs 82%, P< .001); there was no difference in the pro-
portion of Black or African American patients between the 2 groups 
(Figure 1, A, Table 1). Ethnicity also did not differ statistically 
significantly between the groups. Median BMI (early onset¼26.2 vs 
average onset¼27.1 kg/m2, P¼ .009), and the proportion of patients 
who were overweight or obese at the time of diagnosis was higher 
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in the average-onset group than in the early-onset group (66% vs 
57%, P¼ .02) (Figure 1, A, Table 1). 

Patients with early-onset esophagogastric cancer were more 
likely to have a gastric (distal) primary tumor site (64% vs 44%, 
P< .0001) and less likely to have esophageal (16% vs 28%, 
P< .001) or gastroesophageal junction (20% vs 28%, P¼ .03) pri-
mary sites. Although non–signet ring cell adenocarcinoma was 
the predominant histologic subtype in both groups (early 
onset¼ 65% vs average onset¼ 83%, P< .001), there was a higher 

proportion of patients with signet ring cell/diffuse–type adeno-

carcinoma in the early-onset group (34% vs 11%, P< .001). When 
comparing only patients with a gastric primary tumor site, the 
proportion with signet ring cell and/or diffuse type was higher in 
the early-onset group (Figure 1, B). Excluding the small popula-
tion of patients (n¼ 26) with squamous cell carcinoma and nona-
denocarcinoma or signet ring cell and/or diffuse type histologies 
(n¼49), the tendency for early-onset esophagogastric cancer to 
present with gastric primary site and signet ring cell and/or 

Figure 1. Clinical characteristics of early-onset (age <50 years, n¼219) and average-onset (age �50 years, n¼904) esophagogastric cancer. A) 
Comparison of the clinical and pathologic characteristics demonstrates a higher percentage of gastric primary tumor site (64% vs 44%, P< .0001), 
proportion of women (39% vs 28%, P¼ .002), Asian race (16% vs 9%, P¼ .002), and signet ring histology or Lauren diffuse type cancer (31% vs 9%, 
P< .001) in the early-onset group. B) Histologic subtype distribution in the average-onset group compared with the early-onset group demonstrates a 
higher proportion of signet ring cell and/or diffuse type in the early-onset gastric cancer than in the average-onset gastric cancer group. C) Presenting 
symptoms that occurred statistically significantly more frequently in the early-onset group included pain and change in bowel habits, while weight 
loss and swallowing difficulty occurred more frequently in the average-onset group. BMI¼body mass index; GEJ¼ gastroesophageal junction; 
GI¼ gastrointestinal. 
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diffuse type adenocarcinoma did not change (Supplementary 
Figure 1, B, available online). When we restricted the analysis to 
patients of White race, comprising 79% of the overall cohort, gastric 
primary tumor site remained predominant in the early-onset group 
(55% vs 45%, P< .001), while esophageal/gastroesophageal junction 
cancers were more common in the average-onset group (38% 
genomically stable vs 62% esophageal/gastroesophageal junction). 

Most patients in both groups had metastatic disease at diag-
nosis (early onset¼ 57% and average onset¼ 53%, P¼ .29), and a 

similar proportion of patients had stage I or locally advanced 
(stage II-III) disease in both groups (Supplementary Table 1, avail-
able online). Accordingly, there was no difference in the propor-
tion of patients who underwent resection of the primary tumor 
(early onset¼44% vs average onset¼ 45%, P¼ .82). 

Presenting symptoms and time from diagnosis to symptom 
onset were collected for a total of 737 patients (n¼138 early 
onset, n¼ 599 average onset). Pain (54% vs 37%, P¼ .0003), and 
change in bowel habits (10% vs 5%, P¼ .02) as presenting 

Table 1. Baseline characteristics of patients with early-onset and average-onset esophagogastric cancer  

Overall Average onset Early onset  
P (N¼1123)  (n¼904)  (n¼219)   

Age at diagnosis, y              
Mean (SD)    61.6 (13.5)    66.8 (8.7)    40.4 (7.5)    <.0001   
Median (min, max)   64.0 (18.3, 94.0)   67.0 (50.0, 94.0)   42.8 (18.3, 50.0)    

Sex, No. (%)              
Female   338 (30.1)    253 (28.0)    85 (38.8)    .002325   
Male    785(69.9)    651 (72.0)    134 (61.2)     

Race, No. (%)              
Asian   113 (10.1)    78 (8.6)    35 (16.0)    .0014   
Black or African American    50 (4.4)    40 (4.4)    10 (4.6)    .85   
White   884 (78.7)    741 (82.0)    143 (65.3)    <.0001   
Other   38 (3.4)    20 (2.2)    18 (8.2)    <.0001   
Unknown   38 (3.4)    25 (2.8)    13 (5.9)     

Ethnicity, No. (%)              
Hispanic or Latino   91 (8.1)    55 (6.1)    36 (16.4)    <.0001   
Not Hispanic or Latino   985 (87.7)    807 (89.3)    178 (81.3)      
Unknown   47 (4.2)    42 (4.6)    5 (2.3)     

Body mass index, kg/m2              

Mean (SD)   27.6 (5.63)    27.8 (5.36)    26.9 (6.62)    .0099   
Median (Min, Max)   26.9 (11.6, 56.8)   27.1 (15.2, 56.4)   26.2 (11.6, 56.8)     
Missing, No. (%)   33 (2.9)    24 (2.7)    9 (4.1)     

Smoking status, No. (%)              
Yes   401 (35.7)    352 (38.9)    49 (22.4)    <.0001   
No    334 (29.7)    246 (27.2)    88 (40.2)      
Missing    388 (34.6)    306 (33.9)    82 (37.4)     

Alcohol use, No. (%)              
Yes   340 (30.3)    271 (30.0)    69 (31.5)    .69  
No    191 (17.0)    158 (17.5)    33 (15.1)      
Missing    592 (52.7)    475 (52.5)    117 (53.4)     

Histology/Lauren classification, No. (%)              
Adenocarcinoma    874 (77.8)    738 (81.6)    136 (62.1)    <.0001   
Signet ring and/or diffuse type   174 (15.5)    100 (11.1)    74 (33.8)    <.0001   
Squamous cell carcinoma    26 (2.3)    24 (2.7)    2 (0.9)    .21   
Other   49 (4.4)    42 (4.7)    7 (0.9)    .46 

Primary site binary, No. (%)              
Proximal   584 (52.0)    505 (55.9)    79 (36.1)    <.0001   
Distal    539 (48.0)    399 (44.1)    140 (63.9)     

Primary site trinary, No. (%)              
Esophageal   286 (25.5)    252 (27.9)    34 (15.6)    .0001   
Gastric    539 (48.0)    399 (44.1)    140 (63.9)    <.0001   
Gastroesophageal junction (Siewert I-II)   298 (26.5)    253 (28.0)    45 (20.5)    .03 

ERBB2 (formerly HER2 or HER2/neu) status, No. (%)              
Positive   226 (20.1)    195 (21.6)    31 (14.2)    .02  
Negative    722(64.3)    570 (63.1)    152 (69.4)      
Unknown    175 (15.6)    139 (16.9)    36 (16.4)     

Primary resected, No. (%)              
Yes   502 (44.7)    406 (44.9)    96 (43.8)    .82   
No   619 (55.1)    497 (55.0)    122 (55.7)      
Unknown   2 (0.2)    1 (0.1)    1 (0.5)     

Stage at diagnosis, No. (%)              
I   102 (9.1)    84 (9.3)    18 (8.2)    .70  
II   126 (11.2)    103 (11.4)    23 (10.5)    .81  
III   289 (25.7)    237 (26.2)    52 (23.9)    .49  
IV   603 (53.7)    478 (52.9)    125 (57.3)    .26  
Unknown   3 (0.3)    2 (0.2)    1 (0)     

Metastatic or nonmetastatic at diagnosis, No. (%)              
Metastatic    603 (53.7)    478 (52.9)    125 (57.1)    .26  
Nonmetastatic    519 (46.2)    426 (47.1)    93 (42.5)      
Unknown    1 (0.9)    0 (0.0)    1(0.4)      

302 | JNCI: Journal of the National Cancer Institute, 2024, Vol. 116, No. 2  

https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad186#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad186#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad186#supplementary-data


symptoms at diagnosis were statistically significantly more fre-
quent among patients with early-onset than among average- 
onset esophagogastric cancer (Figure 1, C). In contrast, weight 
loss (40% vs 57%, P¼ .0003) and swallowing difficulty (29% vs 
42%, P¼ .0067) occurred more frequently in patients with 
average-onset esophagogastric cancer, likely reflecting the differ-
ence in primary tumor location. The frequencies of other pre-
senting symptoms, including constitutional symptoms, upper GI 
bleeding, lower GI bleeding, change in bowel habits, symptomatic 
metastases, incidental findings, and respiratory or cardiac symp-
toms, were not statistically significantly different between 
groups. When considering the subgroup of patients with gastric 
cancer, changes in bowel habits were more common in the early- 
onset group (13% vs 5%, P¼ .01), while constitutional symptoms 
(including fever, night sweats, weakness, and fatigue) occurred 
more frequently in the average-onset group (3% vs 14%, P¼ .004) 
(Supplementary Figure 2, A, available online). In the esophageal/ 
gastroesophageal junction subgroup, weight loss was enriched in 
patients with average-onset vs early-onset disease (59.7% vs 
38.9%, P¼ .009), whereas other symptoms were statistically sig-
nificantly enriched in patients with early-onset disease (6.8% vs 
1.3%, P¼ .04) (Supplementary Figure 2, A, available online). These 
findings remained consistent when restricting the analysis to 
include only patients with adenocarcinoma and signet ring cell/ 
diffuse–type tumors (Supplementary Figure 1, C, available 
online). 

An exact date of symptom onset was identified by retrospec-
tive chart review for 131 patients with early-onset esophagogas-
tric cancer and 575 patients with average-onset esophagogastric 
cancer. Time from symptom onset to diagnosis was longer in the 
early-onset than in the average-onset group (median¼90 days 
[interquartile range¼28.5-189.0] vs 64 days [interquartile 
rage¼ 26.5-129], P¼ .03) (Supplementary Figure 2, B, available 
online), suggesting a delay in diagnosis. In the subset of patients 
with esophageal/gastroesophageal junction cancers, this differ-
ence in time from symptom onset to diagnosis remained statisti-
cally significant (median time to diagnosis of early-onset 
disease¼ 100 days vs median time to diagnosis of average-onset 
disease¼ 64 days, P¼ .02); however, the difference was not statis-
tically significant in the gastric cancer subgroup (median time to 
diagnosis of early-onset disease¼76 days vs median time to diag-
nosis of average-onset disease¼64.5 days, P¼ .21) 
(Supplementary Figure 2, B, available online). To determine 
whether patients with early-onset esophagogastric cancer were 
more likely to be incorrectly diagnosed with or empirically 
treated for a non–esophagogastric cancer diagnosis upon presen-
tation with symptoms, we reviewed patients’ initial diagnoses 
and management, as documented by their health-care professio-
nals. We found that 35% (48/138) of patients with early-onset 
esophagogastric cancer were treated for an alternative diagnosis 
compared with 21% (125/599) of those with average-onset esoph-
agogastric cancer. The most common alternative diagnosis over-
all was reflux, and patients with early-onset disease were more 
likely to be given diagnoses of Helicobacter pylori infection or geni-
tourinary tract pathology than patients with average-onset dis-
ease (Supplementary Figure 2, C, available online). 

Considering those patients whose social history was 
adequately documented, a higher proportion—59% (352/599)—of 
patients with average-onset esophagogastric cancer had a history 
of smoking than the 36% (49/137) of those with early-onset 
esophagogastric cancer (P< .0001) (Table 1). Among smokers, 
71% (250/352) and 55% (27/49) in the average-onset and early- 
onset groups, respectively, confirmed having quit before or at the 

time of their cancer diagnosis (for patients with average-onset 
disease, median¼ 22.5 years before diagnosis [range¼ 0-60 years]; 
for patients with early-onset disease, median¼ 2 years before 
diagnosis [range¼ 0-30 years]). In contrast, the proportion of 
patients reporting a history of drinking alcohol was similar 
between the groups (63% [271/429] vs 68% [69/102], P¼ .69), 
though a higher proportion of patients with average-onset dis-
ease consuming alcohol had a history of heavy drinking (9% [22/ 
316] vs 3% [2/77]), defined as greater than or equal to 2 drinks/ 
day for men or 1 drink/day for women, or reported history of 
alcohol use disorder. 

The most frequently observed comorbidity in the early-onset 
group was gastroesophageal reflux disease (19%), which was also 
common in the average-onset group (23%). Other comorbidities 
that were statistically significantly more common in the average- 
onset group included hypertension (47% vs 13.2%), hyperlipide-
mia (35% vs 10%), presence of a second cancer diagnosis (24% vs 
7%), and diabetes (19% vs 5%) (Supplementary Figure 2, D, avail-
able online). 

Somatic mutational profile of early-onset 
esophagogastric cancer 
Somatic mutational profiling using MSK-IMPACT was available 
for 196 patients with early-onset esophagogastric cancer (90%, 23 
not performed) and 706 patients with average-onset esophago-
gastric cancer (78%, 198 not performed) (P< .001) (Figure 2, A). 
Tumor mutational burden and fraction genome altered were 
statistically significantly higher in the average-onset group than 
in the early-onset group (tumor mutational burden median¼3.3 
vs 4.9 alterations/megabase, P< .001; fraction genome altered 
median¼ 0.055 vs 0.132, P< .001) (Figure 2, B, Supplementary 
Figure 3, A, available online). We then examined molecular sub-
type and found that early-onset esophagogastric cancer was 
characterized by a higher proportion of the genomically stable 
and Epstein-Barr virus subtypes and a lower proportion of chro-
mosomal instability and MSI-high subtypes than average-onset 
disease. Because MSI tumors are hypermutated (Supplementary 
Table 2, available online), we limited the remainder of the analy-
sis to microsatellite stable tumors (early-onset group, 193/196 
[98%]; average-onset group, 654/706 [93%]) (Figure 2, A). 

The most frequent oncogenic alterations (>10% of patients) 
were similar across the early-onset and average-onset groups 
and included ERBB2, CDKN2A, KRAS, CCNE1, PIK3CA, CDH1, and 
ARID1A (Figure 2, A). The genes that were altered at a statistically 
significantly higher frequency in the early-onset group compared 
with the average-onset group were CCNE1 (16% vs 7%, P¼ .001, 
Q¼0.011) and CDH1 (12% vs 6%, P¼ .004, Q¼0.03) (Figure 2, A, 
Supplementary Figure 3, B, available online). The increased rate 
of CCNE1 gene alteration was driven by the chromosomal insta-
bility esophageal/gastroesophageal junction subgroup 
(Supplementary Figure 3, F, available online). In contrast, 
CDKN2A was altered at a higher frequency in the average-onset 
group (22% vs 11%, P< .001, Q¼0.011), and other genes with a 
trend toward a higher frequency of alterations in the average- 
onset group included ERBB2 (20% vs 15%, P¼ .16, Q¼ 0.228) and 
KRAS (15% vs 12%, P¼ .23, Q¼ 0.29) (Figure 2, A, Supplementary 
Figure 3, D, available online). After restricting the analysis to 
adenocarcinoma and signet ring cell/diffuse–type tumors only, 
CDKN2A was found to be statistically significantly enriched in 
average-onset tumors, whereas CCNE1 and CDH1 were enriched 
in early-onset tumors (Figure 2, C, Supplementary Figure 3, D, 
available online). No difference in rates of whole-genome 
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duplication were observed (Supplementary Figure 3, E, available 
online). 

Germline analysis of early-onset esophagogastric 
cancer 
We performed germline genomic analysis on a total of 466 
patients (n¼ 116 early onset; n¼ 350 average onset), of which 434 
were adenocarcinoma and signet ring cell/diffuse–type tumors 
(n¼111 early onset, n¼ 323 average onset). Germline alterations 
were classified by penetrance as uncertain, recessive, low, mod-
erate, or high penetrance. Of the 111 patients with early-onset 
esophagogastric cancer, 20.7% had a germline alteration com-
pared with 16.1% of patients with average-onset disease 

(P¼ .3081). There was no difference in the frequency of moder-
ate- or high-penetrance alterations between the 2 groups (9.9% 
vs 9.6%, P> .99) (Figure 2, D, Supplementary Figure 3, C and G, 
available online). 

Clinical outcomes of metastatic early-onset 
esophagogastric cancer 
To assess whether clinical outcomes differ by age, we compared 
overall survival between the 2 groups. To reduce the bias intro-
duced by longer survival for patients with earlier-stage disease, 
we compared overall survival from the time of metastasis to the 
time of death or last follow-up. In addition, patients included in 
the analysis were restricted to those with either adenocarcinoma 

Figure 2. Molecular characteristics of early-onset (age <50 years) and average-onset (age �50 years) esophagogastric cancer. A) Oncoprint 
demonstrates that the most frequent oncogenic alterations were similar across the early-onset and average-onset groups (n¼ 196 early onset, n¼ 706 
average onset). The genes that were altered at a statistically significantly higher frequency in the early-onset group compared with the average-onset 
group were CCNE1 (16% vs 7%, P¼ .001, Q¼0.011) and CDH1 (12% vs 6%, P¼ .004, Q¼0.03). B) Comparison of the tumor mutational burden (mutations/ 
megabase), fraction genome altered, and The Cancer Genome Atlas molecular subtypes demonstrates statistically significantly lower tumor 
mutational burden and fraction genome altered in the early-onset group than in the average-onset group (tumor mutational burden median¼3.3 vs 
4.9 mutations/megabase, P< .001; fraction genome altered median¼0.055 vs 0.132, P< .001) and a higher predominance of the genomically stable 
subtype. C) Comparison of the frequency of gene- and pathway-level alterations after restricting to adenocarcinoma and signet ring cell/diffuse–type 
tumors. CDKN2A was found to be statistically significantly enriched in average-onset tumors, whereas CCNE1 and CDH1 were enriched in early-onset 
tumors. D) Germline genomic analysis using a 76- to 88-gene panel showed that patients in both groups were similarly likely to have high or moderate 
penetrance alterations (9.9% vs 9.6%, P > .99). CIN¼ chromosomal instability; EBV¼ Epstein-Barr virus; GEJ¼ gastroesophageal junction; GS¼ gastric 
cancer; MSI¼microsatellite instability; MSS¼microsatellite stabile; NOS¼not otherwise specified; *¼ P < .001. 
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or signet ring cell/diffuse–type tumors. Overall survival did not 
differ statistically significantly between patients with early- 
onset disease compared with average-onset disease (median 
overall survival¼ 22.7 vs 22.1 months; P¼ .78 by log-rank test) 
(Figure 3, A). When patients with early-onset and average-onset 
disease were stratified by disease site, survival time was statisti-
cally significantly longer in patients with early-onset esopha-
geal/gastroesophageal junction cancers than in those with 
early-onset gastric cancer (median survival time¼ 32.0 vs 19.8 

months, P¼ .024) (Figure 3, B). We hypothesized that the shorter 
survival time in the early-onset gastric cancer group was related 
to enrichment in signet ring cell/diffuse–type disease in the 
early-onset gastric cancer group and therefore more frequent 
peritoneal metastasis (40.3% vs 23.8%, P< .001) (Figure 3, C). 
These trends were maintained when the analysis was expanded 
to include squamous cell carcinoma and other tumor histolo-
gies that were previously excluded (Supplementary Figure 4, A- 
D, available online). 

Figure 3. Clinical outcomes of metastatic early-onset (age <50 years) and average-onset (age �50 years) esophagogastric cancer, restricted to 
adenocarcinoma and signet ring cell/diffuse–type tumors. A) Overall survival from the time of metastasis to the time of death or last follow-up did not 
differ statistically significantly between patients with early-onset compared with average-onset disease (median overall survival¼ 22.7 vs 22.1 months; 
P¼ .78 by log-rank test). B) Overall survival stratified by disease site showed that overall survival from time of metastasis to time of death or last follow- 
up was statistically significantly longer in patients with early-onset esophageal/gastroesophageal junction cancers and statistically significantly 
shorter in patients with early-onset gastric cancer (median overall survival¼ 32.0 vs 19.8 months, P¼ .02). C) Peritoneal metastasis was statistically 
significantly more common in the early-onset group than in the average-onset group (40.3% vs 23.8%, P< .001) and within the early-onset group 
occurred much more frequently in the gastric cancer group than in the esophageal/gastroesophageal junction cancer group (56.3% vs 15.9%, P< .001). 
D) Multivariate model generated based on variables that were statistically significant on univariate analysis demonstrated that more than 1 metastasis 
site and CDKN2A alterations were associated with worse outcomes. AO¼average onset; CI¼ 95% confidence interval; CIN¼ chromosomal instability; 
EBV¼Epstein-Barr virus; EO¼ early onset; GEJ¼ gastroesophageal junction; GS¼ gastric cancer; met¼metastasis; MSI¼microsatellite instability. 
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We examined the composite effects of clinical and genomic 
characteristics on survival using both univariable and multivari-
able analysis. Age and primary tumor site were not statistically 
significantly associated with survival. We created a multivariable 
model, including only adenocarcinoma and signet ring cell/dif-
fuse–type tumors and selecting for those features that were stat-
istically significant on univariable analysis as well as age and 
primary tumor site, which were clinically relevant. After adjust-
ment for the statistically significant variables, age and primary 
tumor site were not statistically significantly associated with out-
come (Figure 3, D). Genomic alterations associated with worse 
survival included CDKN2A (hazard ratio¼1.55, 95% confidence 
interval¼1.21 to 1.98; P¼<.001), while ERBB2 was associated 
with improved survival (hazard ratio¼ 0.65, 95% confidence 
interval¼0.47 to 0.91; P¼ .01). 

Discussion 
In the largest single-institution study of early-onset esophagogas-
tric cancer with comprehensive characterization of its clinical and 
genomic features, we found that differences in demographics, pre-
senting symptoms, tumor location, and overall genomic subtype 
differed, while the molecular characteristics and outcomes of 
early-onset and average-onset esophagogastric cancer are similar. 

Patients with early-onset esophagogastric cancer are more 
likely to have signet ring cell/diffuse–type gastric cancer, which 
correlates with a higher risk of occult peritoneal involvement and 
nondiagnostic endoscopic biopsies (24). Although the predomi-
nance of gastric cancer in the early-onset group was driven in part 
by the higher proportion of patients of Asian race, the gastric pre-
dominance in early-onset esophagogastric cancer persisted in the 
White cohort. This finding suggests that an additional factor other 
than race is contributing to the higher proportion of signet ring 
cell/diffuse–type gastric cancer in the early-onset group. As in 
prior reports, we found a higher proportion of women in the early- 
onset group. This finding is specifically concordant with that of 
Bautista et al. (12), a Surveillance, Epidemiology, and End Results 
registry study that included 1366 patients with newly diagnosed 
noncardia gastric adenocarcinoma and noted a distinct male to 
female ratio (0.84 in the <50 years age group compared with 1.52 
in the >50 years age group). We found that early-onset esophago-
gastric cancer is more likely to be genomically stable, while 
average-onset esophagogastric cancer is more likely to be of the 
chromosomal instability or MSI subtype. These differences may in 
part be driven by tumor location rather than age at diagnosis, 
however, as the differences in molecular breakdown by age are 
less prominent compared with the gastric or esophageal/gastroe-
sophageal junction subgroups. 

Patients in both groups were most likely to present with stage 
IV disease, and survival from time of first metastasis was similar; 
as such, we do not find convincing evidence that esophagogastric 
cancer is more aggressive if it develops at a younger age, unlike 
other published data (12,25). The finding that 35% of patients with 
early-onset esophagogastric cancer were first treated for an alter-
native diagnosis, however, does suggest a low level of clinician 
awareness of the increasing incidence of esophagogastric cancer in 
this age group and potential delays in treatment initiation. 
Although some have hypothesized that early-onset esophagogas-
tric cancer may be related to traditional risk factors, such as obe-
sity (10), gastroesophageal reflux disease, and smoking or alcohol 
use, we found no difference in BMI, smoking and alcohol history, 
and preexisting gastroesophageal reflux disease in the early-onset 
group compared with the average-onset group. These risk factors 

may explain the overall rise in cancers of the gastric cardia or gas-
troesophageal junction, although we found in this study that early- 
onset esophagogastric cancer is characterized by a higher propor-
tion of genomically stable and signet ring cell/diffuse–type gastric 
cancer, suggesting that it arises from an alternative pathway. 

One potential explanation for the higher proportion of female 
patients and prevalent signet ring cell/diffuse–type gastric cancer 
in the early-onset group is the influence of endogenous or exoge-
nous hormone exposure. Several reports have suggested that 
estrogen is associated with diffuse-type gastric cancer (26) and 
that differential exposure of estrogen receptors A and b may 
affect tumor growth and prognosis (27-30). In organoid models of 
diffuse-type gastric cancer, estradiol enhances growth, particu-
larly among cell lines with high expression of estrogen receptor a 

(31). Further, several bacterial species have been associated with 
expression of b-glucuronidases, which favor reabsorption of free 
estrogen; these bacteria are differentially enriched based on clin-
ical characteristics in patients with breast cancer (32). This find-
ing represents a potential diagnostic and therapeutic target 
specific to early-onset gastric cancer. 

Although esophagogastric cancer confers a high mortality 
rate, it remains a rare disease for which screening with upper 
endoscopy for the general population in the United States has 
not been demonstrated to be cost-effective (33). Upper endoscopy 
may have a similarly low yield in the early-onset population in 
which signet ring cell/diffuse–type gastric cancer is most preva-
lent. Our findings raise the question of whether an alternative 
screening strategy is needed. 

Several factors limit the generalizability of this study. First, it 
is a single-institution cohort with a relatively homogenous racial 
and ethnic distribution relative to that of the New York City area. 
In addition, the study population was enriched for those with 
ERBB2 amplification, which reflects the research expertise of the 
institution and may account for the relatively long median over-
all survival in this cohort. In addition, this study selected for 
patients with more advanced disease because of preferential 
inclusion of patients with available molecular analysis because 
those with more advanced disease are more likely to undergo 
molecular testing. 

The emphasis of future research should be on identifying 
novel strategies to diagnose and manage early-onset esophago-
gastric cancer, with a focus first on young female patients with 
signet ring cell/diffuse–type gastric cancer. Notably, it is impor-
tant to keep in mind that this young adult population presents 
with unique needs, similar to those with early-onset colorectal 
cancer (34,35). Given that overall survival from the time of first 
metastasis does not differ between the early-onset and average- 
onset groups, there is no evidence to suggest that intensifying 
treatment for young patients will be beneficial. 

Early-onset esophagogastric cancer is characterized by a higher 
frequency of several presenting symptoms, a trend toward longer 
time from symptom onset to diagnosis, gastric primary site of dis-
ease, signet ring cell/diffuse type, and genomically stable molecular 
subtype compared with average-onset esophagogastric cancer. 
These distinctions are hypothesis generating and may provide 
insight into the underlying environmental mechanisms responsible 
for the rising incidence of early-onset esophagogastric cancer. 

Data availability 
The data underlying this article are available in the cBioportal 
repository at https://www.cbioportal.org/study/summary?id= 
egc_msk_2023. 
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