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abstract

The incidence of early-onset (EO) GI cancers occurring in individuals younger than age 50 years has been rising
at an alarming rate over the past two decades. Although this rise in incidence among young patients correlates
with increased rates of obesity, changes in diet, and alterations in the environment, the effects of these en-
vironmental factors on carcinogenesis, metastasis, and treatment response are unknown. Although several
unique clinical trends exist among EO-GI cancers and their average-onset GI cancer counterparts, GI cancers
aremolecularly indistinct between younger and older patients, and no data support distinct treatment paradigms
for patients with EO disease. The majority of EO-GI cancers are not explained by germline changes. There
remains a critical need for further research to understand the pathogenesis and optimal management of EO-GI
cancers. In addition, current screening strategies are not adequate to identify EO-GI cancers, and early bio-
markers are needed. Specialized centers, with a focus on psychosocial aspects of cancer management, can
address the unique care needs of patients with EO-GI cancers.
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INTRODUCTION

The incidence of early-onset (EO) GI cancers before age
50 years has been rising by 1%-2% annually since
20001,2; however, the etiology of this alarming rise in
incidence and optimal management is unknown. Al-
though EO-colorectal cancer (CRC) is recognized
widely, rates of esophagogastric (EG), pancreatic ductal
adenocarcinoma (PDAC), and appendiceal adenocar-
cinoma among individuals younger than age 50 years
are also increasing. This rise in incidence of GI malig-
nancies among young patients correlates with increased
rates of obesity, changes in diet,3-12 and alterations in the
environment,13-15 although how these environmental
factors drive carcinogenesis, metastasis, and treatment
response is not known. Thus, there is a critical need for

further research to understand the pathogenesis and
optimal management of EO-GI cancers.

Various age cutoffs have been used to define early-
onset cancers. On the basis of the historical recom-
mendation by the US Preventive Services Task Force
(USPSTF) to screen adults for CRC starting at age
50 years (now age 45 years since May 2021)16 and the
American Society for Gastrointestinal Endoscopy rec-
ommendation to refer adults over age 50 years with new
onset upper GI symptoms (dysphagia or odynophagia,
persistent or recurrent reflux despite therapy, sus-
pected chronic blood loss in the context of iron defi-
ciency anemia) for endoscopy,17 we use an age cutoff of
50 years. However, several of the studies discussed
here use a younger age cutoff, highlighting the fact that
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KEY POINTS

• The incidence of early-onset (EO) (age , 50) gastrointestinal (GI) cancers is rising in the United
States and worldwide.

• EO-GI cancers are clinically and molecularly similar to average-onset (AO)-GI cancers.
• Patients with EO-GI cancers may not benefit from intensified therapy based on their age alone.
• Specialized centers are needed to address the unique psychosocial and clinical care needs of young
patients with GI cancers.
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no universal definition of early onset exists and that the age
of onset of GI cancers continues to decline.

Here, we review existing data examining the epidemiologic,
genetic, and molecular characteristics of EO-GI cancers
compared with average-onset (AO) GI cancers, with a focus
on CRC, esophagogastric cancer (EGC), and PDAC, as
these have been studiedmost extensively. We also examine
response to standard therapy and survival in patients with
EO-GI compared with AO-GI cancers and discuss the
unique care needs of these patients. We conclude with
areas of ongoing research and future directions to better
understand the pathogenesis and optimal management of
EO-GI cancers.

CRC

Epidemiology and Risk Factors

CRC is the third most common cause of cancer-related death
in the United States and accounts for 8%-9% of newly di-
agnosed cancers18,19 (Fig 1). Although screening for CRC
among adults age 50 years and older has dramatically re-
duced the incidence of CRC in this age group, the incidence of
CRC overall has continued to increase, driven by the rise in
CRC among those younger than age 50 years.18,21

With regard to race and sex distribution, several studies
have demonstrated that the rising prevalence of EO-CRC is
disproportionately affecting racial and ethnic minorities and

CONTEXT

Key Objective
The incidence of early-onset (EO; age , 50 years) GI cancers is rising in the United States and worldwide. Although

providers are inclined to treat younger patients more aggressively, this practice is controversial. This review examines the
epidemiologic, genetic, and molecular characteristics of EO-GI cancers compared with average-onset GI cancers and
response to standard therapy.

Knowledge Generated
EO-GI cancers are predominantly sporadic, rather than inherited, and do not represent distinct disease entities when

compared with average-onset GI cancers. More aggressive chemotherapy may not improve outcomes for patients with
EO-GI cancers and is associated with increased toxicity. Patients with EO-GI cancers have unique psychosocial care
needs compared with their older counterparts.

Relevance
Patients with EO-GI cancers may not benefit from intensified therapy on the basis of their age alone, and further research

may help elucidate the etiology and optimal management of EO-GI cancers. Specialized centers are needed to address
the unique psychosocial care needs of these young patients.
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FIG 1. GI cancer disease characteristics. Overall disease characteristics of CRC, esophageal, GC, and PC in the
United States are included. The data presented are from the SEER database.20 CRC, colorectal cancer; GC,
gastric cancer; NA, not available; PC, pancreatic cancer.
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has a male predominance. A study of more than 360,000
CRCs from the SEER and The Cancer Genome Atlas da-
tabases demonstrated that EO-CRC is more prevalent in
Black (14.6% v 11.0%, P , .001) and Hispanic (14.7% v
8.3%, P , .001) individuals and slightly more prevalent in
males (53.7% v 46.4%, P , .001).22 On the basis of the
SEER database (1970s-2009), CRC in patients younger
than age 50 years represents 6.7% of all CRCs in non-
Hispanic White patients, compared with 11.9% in African
Americans, 12% in Asians/Pacific Islanders, 15.4% in
Hispanic patients, and 16.5% in American Indians/Alaska
Natives.23 A 10-year SEER database study also compared
Hispanic with White populations (2000-2010) and found
that the overall incidence of CRC increased by 48% in
Hispanic patients (compared with a decrease in White
patients), and there was a 38% increase in incidence of
late-onset (LO)-CRC and an 80% increase in EO-CRC.24

The etiology of EO-CRC remains unknown, and studies
evaluating risk factors are small and somewhat conflicting.
Known risk factors for CRC such as diet high in red meat
and low fiber, obesity and excess alcohol consumption,
physical inactivity, and smoking do not seem to apply to EO-
CRC although some studies have described increased
sugar-sweetened drinks, increased TV watching, and low
vitamin D as being potentially linked to EO-CRC.25-29

Germline Predisposition

EO-CRC does have a relatively high prevalence of germline
variants, and a higher proportion of patients with EO-CRC
relative to those with AO-CRC will have mismatch repair
deficiency (MMRd)/microsatellite instability (MSI-H) sec-
ondary to Lynch syndrome (15%-41% of cases).30-32

However, the rise in EO-CRC is not explained by an
inherited genetic predisposition, as themajority of cases are
sporadic. Furthermore, in our comprehensive retrospective
review of 759 patients with EO-CRC,25 we found that EO-
CRCs are more commonly left-sided and present with rectal
bleeding and abdominal pain, in contrast to Lynch syn-
drome–associated CRC, which is most often right-sided.
Although we observed the highest prevalence of high-
penetrance germline variants in the very early-onset
group (age # 35 years; 23.3% compared with 14.1% of
the AO cohort, P 5 .01), similar to the rate of mutations in
high- and moderate-penetrance genes in previous publi-
cations,33 this is inadequate to explain the overall rise in EO-
CRC.25

Clinical Presentation

EO-CRC in the United States and China is more often left-
sided compared with AO-CRC, with more than one third of
cases associated with rectal primary,22,25,34-38 although a
retrospective study from Taiwan showed no difference in
tumor location.31 Consistent with the tumor location, pa-
tients with EO-CRC are more likely to present with rectal
bleeding and abdominal pain and less likely to present with
anemia.25

Previous reports have demonstrated that younger patients
tend to present with more advanced-stage CRC22,39 and
that stage IV EO-CRC is associated with worse survival
compared with stage IV AO-CRC36 although many studies
do not account for delay in diagnosis.40 In addition, pre-
vious studies suggesting more aggressive disease biology
were heterogeneous and did not distinguish microsatellite-
stable from microsatellite-instable disease, which can
present with poorly differentiated tumors that do not nec-
essarily require more aggressive therapy.

Molecular Characteristics

Investigation into the molecular differences between EO-
CRC and AO-CRC has produced conflicting results. Several
studies have demonstrated decreased mutation rates in
CRC samples with decreasing age,22 consistent with the
increased proportion of genomically stable/signet ring cell
subtype seen in younger patients.22,41 By contrast, in a pan-
cancer study that profiled more than 6,000 cases of 14
cancer types, EO tumors were associated with increased
chromosomal instability with fewer genomically stable
cases although only 324 cases of colon adenocarcinoma
were included.42 Although some data suggest that there are
distinct genomic alterations in EO-CRC compared with AO-
CRC (eg, decreased BRAF alteration frequency), these
studies did not account for tumor sidedness and were
conflicting with regard to RAS mutation frequency.22,41-43

Although an association between somatic mutations in
PTEN has been associated with EO-CRC, this association
was not present when the analysis was adjusted for the
confounding effect of hypermutator phenotypes.42

In a retrospective analysis of 1,134 colorectal adenocar-
cinomas, the right-sided primary site in patients with
metastatic CRC was associated with enrichment of onco-
genic alterations in KRAS, BRAF, PIK3CA, AKT1, RNF43,
and SMAD4, whereas left-sided tumors had no genetic
alterations in mitogenic signaling, overall suggesting that
the molecular alterations underlying tumorigenesis differ in
right-sided compared with left-sided microsatellite-stable
CRC.44 This is particularly relevant given the left-sided and
specifically rectal subtype seen in EO-CRC. Thus, the
predominance of left-sided tumors in previous molecular
studies that did not account for sidedness likely explains
the differences in tumor genomics between EO-CRC and
AO-CRC. In our analysis, which to date represents the
largest comprehensive clinical and genomic comparison of
EO-CRC and AO-CRC, no significant differences in geno-
mic alterations were noted once the analysis was adjusted
for sidedness. The lack of difference was consistent even in
the very young (age # 35 years) subgroup. Overall, there
are no convincing data to suggest that age inherently affects
themolecular profile of these tumors although the left-sided
predominance may be relevant in understanding the
pathogenesis.
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Treatment Recommendations and Outcomes

The above data outlining the disease biology in EO-CRC
compared with AO-CRC are crucial in defining the optimal
treatment for patients with EO-CRC to avoid overtreatment
with increased toxicity and limited additional efficacy.
Patients with EO-CRC are more likely to receive multiagent
chemotherapy with combination fluoropyrimidine and
oxaliplatin or irinotecan rather than single-agent chemo-
therapy with a fluoropyrimidine alone in the postoperative
setting at all stages (I-IV) although this does not translate to
improved stage-specific survival outcomes relative to those
with AO-CRC who were more likely to receive single-agent
chemotherapy.45,46

In fact, in the follow-up analyses from the IDEA study,
patients with high-risk stage III EO-CRC (T4/N2) had
significantly lower 3-year relapse-free survival (RFS; 54% v
65%, hazard ratio [HR] 1.33, P , .001) despite more
intensive treatment and greater GI toxicity.46 On the basis
of recently updated data from the IDEA database, when
patients with EO-CRC and AO-CRC receive comparable
treatment regimens for nonmetastatic disease, the overall
rate of adverse events (AEs) is not significantly different
although the profile of specific AEs is distinct.47 Among
patients with stage II and III CRC receiving adjuvant
combination fluoropyrimidine and oxaliplatin, the rate of
GI symptoms of any grade was higher in the EO compared
with the AO group (68.7% v 64.6%, P 5 .0436) driven by
higher incidence of grade 1-2 nausea and vomiting. By
contrast, the rate of hematologic toxicity of any grade was
significantly higher in the AO group compared with the EO
group (69.4% v 62.2%, P 5 .0002), with higher rates of
febrile neutropenia (2.8% v 1.4%).

Similarly, in the CALGB/SWOG 80405 study of patients with
metastatic CRC, those with EO-CRC were less likely to
experience grade 3 or higher AEs compared with their older
counterparts (30.7% v 43.8%, P , .001) and were less
likely to experience grade 3 or higher neutropenia (24.7%
v 33.6%, P, .001).48 Although they were also less likely to
experience grade 3 or higher nausea (1.2% v 3.7%,
P5 .004), the overall rates of GI and hematologic toxicity of
any grade were not reported.

Although some providers are inclined to intensify treatment
with triplet chemotherapy in the metastatic setting, this
strategy is associated with increased toxicity, and there are
no data to support this practice. The TRIBE (triplet plus
bevacizumab) study was a phase III, randomized, open-
label, multicenter trial in which previously untreated pa-
tients age 18-75 years with unresectable metastatic CRC
were randomly assigned to fluorouracil, leucovorin, oxali-
platin, and irinotecan plus bevacizumab or fluorouracil,
leucovorin, and irinotecan plus bevacizumab.49,50 The
triplet regimen was associated not only with significantly
prolonged overall survival (OS; median 29.8 v 25.8,
P 5 .03) but also with significantly higher incidences of

grade 3 or higher neurotoxicity, stomatitis, diarrhea, and
neutropenia.50 Given that this study did not include a
subset analysis by age, it remains unclear whether the
triplet regimen is specifically more effective for patients with
EO-CRC. It is our practice to treat with either infusional
fluorouracil, leucovorin, and oxaliplatin or fluorouracil,
leucovorin, and irinotecan to reduce toxicity and reserve the
third agent for the second-line setting, given similar efficacy
in our experience.

The data regarding outcomes for patients with EO-CRC and
AO-CRC treated with similar strategies remain somewhat
unclear. Although the IDEA study demonstrated lower RFS,
in an analysis of individual patient data of 35,713 patients
with stage III colon cancer from 25 randomized studies in
the Adjuvant Colon Cancer End point database (ACCENT),
there was no significant difference in OS, DFS, or survival
after recurrence between EO-CRC and AO-CRC after
adjusting for molecular markers of tumor biology.51 Simi-
larly, in the metastatic setting, CALGB/SWOG 80405 was a
multicenter, randomized trial of first-line chemotherapy
plus biologics in 2,326 patients with CRC, which demon-
strated that there was no statistically significant difference
in PFS or OS between patients with EO-CRC and AO-CRC.48

Consistently, these studies demonstrated that increased
chemotherapy dosing and duration did not result in im-
proved outcomes, but did lead to increased toxicity.

EGC

Epidemiology and Risk Factors

Gastric and esophageal cancers are the third and sixth
most common causes of cancer-related mortality
worldwide1,52 (Fig 1). The rates of gastric and esophageal
adenocarcinoma (EA) among individuals younger than
age 50 years have increased by 30% and 50%, re-
spectively, over the past three decades.53,54 Although this
trend follows the rising national incidence rates for
esophageal cancer, the incidence of gastric cancer (GC)
in the overall US population has decreased by 35%
during this time period, suggesting an etiology that is
specific to younger individuals. Among patients younger
than age 50 years, the estimated number of deaths
worldwide in 2018 from GC was . 65,000 and that from
esophageal cancer was . 39,000.1,52

There is significant heterogeneity in the incidence of EGC
by geographical location, with the highest incidence rates
historically observed in Eastern Asia and in Eastern and
Southern Africa; however, recently, there has been a
marked increase in EA incidence rates in the United States
and a few European countries, with a concurrent rise in EA
among young patients.54-56 Younger patients tend to
present with more advanced-stage disease,57-60 and there
seems to be a lower ratio of males to females with EGC
among those younger than age 30 years (ratio 0.85:1)
compared with those over age 30 years (1.45:1).61
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Previous data demonstrated that Hispanic patients are
50%-60% more likely to develop GC compared with non-
Hispanic White patients,62,63 and in a recent study of 797
patients with GC in the US Safety Net Collaborative (2012-
2014) retrospective cohort, 28% of patients were Hispanic.
The Hispanic patients were twice as likely to present with
EO-GC (age, 50 years; 28% v 15%).58 Similarly, in a study
of 95,323 patients with GC, EO-GC was less prevalent in
males (51.1% v 61.0%) and White patients (68.9 v
71.4%).57

The majority of EGCs are sporadic, and the increased in-
cidence of GC among higher-income individuals and
change in geographic distribution may suggest that the
underlying etiology is multifactorial, with a role for both
genetic susceptibility and obesity, gastroesophageal reflux
disease (GERD), diet, chronic infection, and other envi-
ronmental factors in the pathogenesis and response to
treatment.56 A strong positive correlation has been noted for
both EO-GC and AO-GC with heavy drinking, but no cor-
relation between obesity or smoking in either age group has
been noted.57

Several studies have identified a strong and statistically
significant effect of birth cohort on EA incidence in the
United States, interpreted as being because of changes in
the prevalence of exposure to causal factors, which differ
across successive generations.64-66 Previous studies have
also suggested that obesity-induced inflammation, insulin
resistance, and oxidative stress may be involved in car-
cinogenesis and that changes in adipocyte-derived me-
diators in obesity (increased leptin and decreased
adiponectin) may independently increase the risk of
Barrett’s esophagus and EA.67-70 In a study of pooled
individual participant data from eight population-based
case-control studies within the international Barrett’s and
Esophageal Adenocarcinoma Consortium (BEACON) in-
cluding 1,363 patients with EA, 1,472 patients with
gastroesophageal junction (GEJ) adenocarcinoma, and
5,728 controls, EO-EA (age , 50 years) was strongly
associated with GERD and body mass index (BMI) relative
to older groups.71 Although similar age-specific associa-
tions in the GEJ group were also observed, these were not
statistically significant.

With regard to infectious etiologies, in a study of 100
gastric tissue samples from patients who underwent
gastric resection for adenocarcinoma in Grand Casa-
blanca, Epstein Barr virus and Helicobacter pylori
(H. pylori) coinfection was associated with younger age
at diagnosis, although the cutoff was age 58 years,
higher than that in most other studies.72 Further in-
vestigation into the tumoral genetics, patient-specific
resident microbial environment, obesity trends, diet
habits, and other environmental factors is necessary to
better understand and halt this trend.

Germline Predisposition

Although the majority of EGCs are sporadic, GC can arise
within the context of heritable cancer predisposition syn-
dromes, including hereditary diffuse GC (associated with
CDH1 mutation), hereditary breast and ovarian cancer
(BRCA), and Lynch syndrome (MMRd), and patients with
EO disease are more likely to have identifiable pathogenic
germline variants (PGVs).

In a single-institution study of 515 patients with EGC
(median age 59 years, range 18-87 years), including
243 patients with gastric, 111 patients with GEJ, and
161 with esophageal cancers, 81 patients (48 with GC,
16 with GEJ, and 17 with esophageal cancer) were
found to have likely pathogenic (LP) or pathogenic (P)
germline variants.73 Those with EO disease (age
# 50 years) were more likely to harbor LP/P germline
variants compared with those with LO disease. Most
notably, ATM LP/P variants occurred in six patients with
EO-EGC compared with five patients with EO-EGC. In a
smaller study in which only 16 patients underwent
germline testing, mutations were found in four patients
(25%, BRCA2, TP53, and CDH1).74 The high frequency
of positive family history reported in young patients
suggests that this is a high-risk population in which
screening may be beneficial61 although given the sig-
nificant heterogeneity and the likelihood that many LP/P
variants are yet to be identified, it is important to con-
sider family history as well.

Clinical Presentation

Several retrospective reviews have been published delin-
eating the clinicopathologic characteristics that distinguish
EO-EGC from AO-EGC although it remains unclear whether
EO-EGC is a distinct disease entity. The reported rate of
H. pylori among patients with EO-GC of 20%-25% is similar
to that expected in the population.61 With regard to tumor
location, younger patients tend to present with more distal
gastric tumors rather than proximal/GEJ cancers.61

Themajority of previous studies have included patients with
EO-gastric rather than esophageal cancers (Tables 1-4).
Nearly 80% of patients with EO-GC will be diagnosed with
advanced-stage disease,74 and younger patients are more
likely to have metastatic disease on diagnostic laparoscopy
(100% v 56%) and to have pathologically positive lymph
nodes at the time of curative-intent surgery.58 Most notably,
the histology of EO-GC is distinct from that of AO-GC. The
rates of poorly differentiated, Lauren diffuse type or signet
ring subtype are higher among those with EO-GC (62%-
73%; defined as age , 40 years or age , 50 years
depending on the study) compared with those with AO-GC
(50%-58%).58,61,74

Presenting symptoms are less well defined, but several
studies have attempted to characterize the duration of
symptoms from onset to diagnosis and the specific
symptoms that are more common among EO patients. In
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TABLE 1. Characteristics of EO-GI Cancers: Colorectal
Study, EO
Definition Data Source Tumor Type/Location No.

Stage at
Presentation Demographic/Clinical Treatment Molecular Germline Survival

Yeo et al,1

2017
, 50 years

SEER and TCGA
2000-2011

CRC
↑EO-CRC stepwise from

ascending colon to
rectum (P , 2.2e-16)

369,796 ↑Distant disease
at diagnosis
(24.4% v
18.8%,
P , .001)

↑Signet ring histology (1.9% v
0.9%, P , .001)

↑Mucinous carcinomas
(8.9% v 8.1%, P , .001)

Race: ↑Black (14.6% v
11.0%, P , .001), ↑
Hispanic (14.7% v 8.3%,
P , .001)

M . F (54%, P , .001)
Smoking, obesity, and DM:

associated with AO-CRC (P
# .05, F-test); only
smoking slightly
associated in EO-CRC

NA ↓Mutation rates in EO-CRC
samples (Spearman rank
5 .17, P # .009 by
Wilcoxon rank-sum)

↓BRAF
↑NRAS, PTEN

NA NA

Willauer et
al,2

2019
, 50 years

MDACC
molecular
cohort 2012-
2016
(N 5 1,877)

MDACC Tumor
Registry Cohort
(N 5 32,507)
1980-2019

AACR Project
GENIE
(N 5 1,868)

CMS Cohort
(N 5 626)

CRC
↑Distal colon or rectum

primary (P , .0001)

36,908 NA ↑Signet ring histology in age
18-29 years (OR 4.89,
95% CI, 3.23 to 7.39,
P , .0001)

NA ↑Microsatellite instability
(P 5 .038)

↓BRAF V600 mut
(P , .001)

↓APC mut in age 18-29
years (OR 0.56, 95% CI,
0.35 to 0.90, P 5 .015)

NA NA

Cercek et
al,3

2021
, 50 years

MSKCC
2014-2019

CRC
↑Left-sided: 80.8% (# 35

years) v 83.7% (36-49
years) v 63.9% ($ 50
years; P , .001)

↑Rectal primary: 33.7%
(# 35 years) v 33.7%
(36-49 years) v 22.6%
($ 50 years); (Q ,
.001 for # 35 years v
$ 50 years)

1,446 total
cohort

759 EO-
CRC

No difference ↓Smoking: (16.6% v 31.9% v
45.1%; P , .001)

↓HTN, DM
Symptoms:
↑Rectal bleeding
↑Abdominal pain
Histology: no difference

Metastatic disease: majority of
patients received
fluoropyrimidine plus
oxaliplatin with or without
bevacizumab first line

No statistically significant
gene or pathway-level
differences

↑PGVs age # 35
years (23.3% v
14.1% AO-
CRC; P 5 .01)

Family history
CRC: no
difference

Survival: no
difference

Chemo
response:
no
difference

Abbreviations: ↑, increase; ↓, decrease; AACR, American Association for Cancer Research; AO, average-onset; CMS, Consensus Molecular Subtypes; CRC, colorectal cancer; DM, diabetes mellitus; EO,
early-onset; EO-CRC, early-onset colorectal cancer; F, female; GENIE, Genomics Evidence Neoplasia Information Exchange; HTN, hypertension; M, male; MDACC, MD Anderson Cancer Center; MSKCC,
Memorial Sloan Kettering Cancer Center; mut, mutations; NA, not available; PGVs, pathogenic germline variants; TCGA, The Cancer Genome Atlas.
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one study of 92 patients with EO-GC age 40 years or
younger (prospective database of all patients with GC who
presented to the Memorial Sloan Kettering Cancer Center
[MSKCC] starting in 1985-2000), the duration of symptoms
from onset to diagnosis ranged from 4 weeks to 62 weeks
(median 26 weeks).61 In this cohort, the most common
presenting symptoms were dyspepsia and indigestion (48
patients, 52%) and other common signs/symptoms were
anemia, progressive weight loss, and decreased energy.

In a separate cohort of 242 cases of EA, including 31 with
EO-EA (age, 50 years), the majority of patients were male
and White, with no difference in gender distribution,
smoking history, family history of cancer, or GERD between
the EO and AO groups.59 There were no differences in
primary tumor stage, but patients younger than age
50 years were more likely to have lymphatic spread at
diagnosis (48% v 31%). Patients age# 50 years were more
likely to present with dysphagia (80% v 60%). There was no
difference in median survival between the two groups al-
though early endoscopic evaluation for younger patients
with dysphagia may be indicated to avoid delays in diag-
nosis. However, the criteria that should prompt endoscopic
evaluation in patients younger than age 50 years remain
unknown.

Molecular Characteristics

Although MMRd/MSI-H is classically associated with Lynch
syndrome, MMRd/MSI-H is uncommon among patients
with EO-EGC.74,75 With regard to other immunohisto-
chemical biomarkers, on the basis of the tissue microarray
of 108 cases of EO-GC and 91 cases of AO-GC, EO-GCs
have a significantly lower frequency of human epidermal
growth factor receptor 2 (HER2) amplification (2%) and
overexpression (0%) than AO-GCs (8% and 7%, respec-
tively).76 Examining the molecular characteristics of EO-GC,
there are several distinct features including losses of CDH1
and TP53 with corresponding aberrant protein staining,
which may suggest that these genomic changes confer a
functional role.75

Treatment Recommendations and Outcomes

Many studies are conflicting about age as a prognostic
indicator for patients with EGC, with some citing better
prognosis among younger patients and others reporting
younger age at diagnosis as a negative prognostic
marker. Most of these studies have also included patients
with squamous cell carcinoma of the esophagus,
whereas the trend toward increased incidence of
esophageal cancer among young patients is specific to
adenocarcinoma. Median survival time and disease-
specific 5-year survival seem to be similar when ad-
justed for tumor stage.58,61

PANCREATIC CANCER

Pancreatic adenocarcinoma is the fifth most common
cause of cancer death (CDC; Fig 1), and rates of pancreatic

adenocarcinoma are rising in individuals younger than age
50 years with an estimated 1.6% annual increase in in-
cidence on the basis of data from 2000 to 2017 (SEER) and
5%-10% of cases occurring among individuals younger
than age 50 years.77

On the basis of the results of a large SEER database query
that identified patients with pancreatic ductal adenocar-
cinoma during 2004-2016, EO-pancreatic cancer (PC) was
associated with more advanced American Joint Committee
on Cancer stage at diagnosis (P, .001) and poorer 5-year
OS (6.1% v 8.6%), although with limitations in this retro-
spective large database analysis.78

It remains unclear whether the risk factors and tumor bi-
ology of EO-PC differ from those of AO-PC, because of a
lack of data and only recent recognition of the trend. Al-
though cigarette smoking,79,80 high alcohol intake, and
familial genetic disorders81 have been proposed as primary
risk factors for EO-PC, the reason for the recent increase in
cases remains unclear. Similarly, previous studies have
suggested that the molecular biology of EO-PC and LO-PC
is similar although potential distinctive features such
as lower rates of KRAS mutations are yet to be fully
elucidated.82,83

Epidemiology and Risk Factors

Among patients with EO-PC compared with AO-PC, there
are a higher proportion of males and a higher proportion of
non-White, composed of a mix of Black, Asian, and His-
panic individuals.84,85 Data from the WHO mortality data-
base from 1995 to 1999 also demonstrated a higher
incidence of EO-PC in males and found that the highest PC
rate ratios were found in Central/Eastern European coun-
tries (2.4-4.5 for males and 1.6-4.3 for females).80 Several
other studies have corroborated the male predominance of
EO-PC.79,84-86 However, a retrospective study of more than
280,000 cases of PC from the SEER database found that
the average annual percentage change in incidence rate
was significantly greater among women (1.93%) compared
with men (0.77%) younger than 55 years (P 5 .002), in-
dicating that although the incidence is higher among men,
incidence rates are rising more rapidly among women in
this age group.87

A significant correlation was identified between the PC rate
ratio and early lung cancer mortality in the WHO database,
suggesting, though not establishing, an association with
smoking.80 This study was limited in its assumption that the
male/female ratio was a surrogate measure of smoking
prevalence. However, an association with former or current
smoking has been demonstrated in other retrospective
studies.79,86

With regard to other risk factors, there is no difference in
BMI or alcohol use in patients with EO-PC compared with
AO-PC,79,85,86 and the rates of pre-existing diabetes mellitus
and chronic pancreatitis seem to be lower in patients with
EO-PC.79,85
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Clinical Presentation

A large cohort study in the United States noted no signif-
icant difference in distribution of stage at time of presen-
tation,84 whereas a cohort study in Japan88 and smaller
retrospective studies have noted increased rates of stage IV
and/or unresectable disease at diagnosis among younger
patients.79,85 In a single-institution study of EO-PC (N 5
450) without an AO-PC comparison group, 23.6% of pa-
tients had resectable disease at diagnosis, compared with
27.3% of locally advanced or unresectable and 49.1% of
metastatic at diagnosis.86

In a single-institution study at MSKCC (N 5 450) including
only 132 patients with EO-PC without a comparison group,
15.9% of cases were RAS wild-type by somatic mutation
analysis compared with 5.4% of pancreatic ductal ade-
nocarcinomas in the overall institutional cohort and 10% on
the basis of The Cancer Genome Atlas for PDAC.89-91

Targetable somatic alterations were identified in eight of
the patients, allowing four of these individuals to receive
therapies targeted at MMRd, NTRK, HER2/3, and IDH1.86

In a retrospective study of three surgical cohorts from five
academic centers in Europe of resectable PC in which 176
patients with EO-PC (defined as # 55 years) were com-
pared with 316 patients with LO-PC (defined
as$ 70 years), a similar prevalence of driver mutations and
global methylation profiles were observed in both groups.92

Germline Predisposition

Greater than 30% of patients with EO-PC have been dem-
onstrated to have a PGV, the majority of which are BRCA 1/2
mutations (54.4%), followed by PALB2 (9.1%), ATM (6.8%),
and CHEK2 (4.5%).86 Interestingly, in a single-institution
study, patients with EO-PC and PGVs had a significantly
reduced risk of all-cause mortality compared with those
without a PGV (HR 5 0.42). An increase in germline pre-
disposition has not been established in other studies.79,85,93

Treatment Recommendations and Outcomes

On the basis of retrospective data in the United States,
patients with EO-PC are more likely to receive treatment
with chemotherapy, surgery, and/or chemoradiation
compared with those with AO-PC and have improved 1-
year OS regardless of stage.84 However, the specific type
and duration of chemotherapy were not available from this
study, and it remains unknown whether older individuals
have more aggressive disease biology or instead are more
likely to have poorer functional status and thus receive
suboptimal therapy.

OTHER GI CANCERS

Despite a concurrent increase in the incidence of EO liver,
biliary tract, appendiceal, and small bowel cancers, these
have been less well studied. Similar to PC, EO-liver cases
have been associated with a male predominance.94

In a retrospective analysis of 23 patients with EO (age
, 30 years) hepatocellular carcinoma (HCC), fibrolamellar
carcinoma (FLC), or intrahepatic cholangiocarcinoma
compared with 65 patients in the AO (age. 40 years) HCC
or hepatoblastoma control group, only three EO patients
with typical HCC had chronic hepatitis B virus (HBV) in-
fection and no other patients had background chronic liver
disease, compared with 25 patients in the age . 40 years
cohort with background liver disease.94

Considering biliary tract carcinoma (BTC), on the basis of
the Japanese cancer registry (1975-2013), 3.3% of pa-
tients with gallbladder and bile duct cancer are younger
than age 50 years.95 In a cohort of 774 patients with EO-
BTC, a male predominance was again noted (57%).96

However, the ratio of females was higher in gallbladder
cancer (1:1.25). Of the risk factors examined, pan-
creaticobiliary maljunction was present at the highest fre-
quency (10.6% of cohort, 38.9% of patients , age
30 years). Although organic solvent exposure has been
associated with biliary malignancies in Japan,97 only 2.5%
of cases were associated with organic solvent exposure.

Although appendiceal cancer is rare, one study examined
1,652 cases diagnosed in patients younger than age 50 years
from the SEER database (2000-2011) and characterized the
clinical characteristics and survival among those with EO-
appendiceal cancer.98 With regard to histology, the largest
proportion of patients had mucinous appendiceal adeno-
carcinoma (34%) compared with nonmucinous appendiceal
adenocarcinoma (17%), goblet cell (29%), carcinoid
(13.8%), and signet ring cell (7%) carcinomas. There was a
significant difference in outcomes on the basis of race, as
non-Hispanic Black patients had significantly poorer OS at
5 years compared with non-Hispanic White patients (63% v
76%; 75%amongHispanic individuals;P5 .001). However,
this study did not directly compare patients with EO-
appendiceal cancer and AO-appendiceal cancer.

The clinical presentation, molecular characteristics, risk of
germline predisposition, and treatment recommendations
among EO-HCC, EO-BTC, and EO-appendiceal cancer
have not been previously described.

SPECIALIZED SUPPORT SERVICES

Psychosocial Needs

Several recent studies have defined the unique psycho-
social burden and care needs affecting young adults with
cancer. A multicenter cross-sectional survey across six
hospitals in England found that the most common psy-
chological issues were uncertainty about the future and fear
of cancer recurrence; this study also highlighted the unmet
need for support with changes in sexual function and re-
lationships.99 It importantly found that patients who self-
identified with these needs had lower health-related quality
of life, more helplessness, andmore unmet service needs. A
challenge identified in this study and in others is the low
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response rate of young patients to these interventions,100

highlighting the need to identify more efficient and effective
ways to engage young patients in available support services.

Fertility and Sexual Health

Treatment-related infertility is an increasing concern as
patients with EO-GI cancers are more likely to be of re-
productive potential compared with those over age
50 years. This is of particular concern for survivors of CRC
who are at increased risk of infertility because of tumor
location and the need for multimodality therapy. The results
of an online, cross-sectional survey administered to 234
young adult survivors of CRC (age , 50 years) revealed
that . 50% of respondents reported no discussion with
their provider about fertility before treatment, 75% did not

bank eggs/embryos or sperm, and . 20% reported that
they did not know that fertility preservation was an option.101

On the basis of recent ASCO guidelines, sperm, embryo,
and oocyte cryopreservation is a standard strategy for
fertility preservation and should be discussed with patients
and documented early in the treatment process.102

Targeted Interventions

An emerging model to address the needs of patients with
EO-GI cancers is the establishment of a dedicated
center focusing on ancillary services including social
work, fertility, sexual health, and nutrition.100 The Center
for Young Onset Colorectal and Gastrointestinal Cancers
at the Memorial Sloan Kettering Cancer Center is the first
of its kind worldwide and was established in 2018,
on the basis of needs identified from patient and
caregiver survey data from the Colorectal Cancer Alli-
ance103 with two primary goals: (1) to meet the unique
clinical needs of patients diagnosed with GI cancers
before age 50 years and (2) to create the necessary
infrastructure to study the etiology and distinct features
of EO disease.100 The clinical infrastructure consists of a
multidisciplinary support service, which includes a
dedicated social worker who provides early psychosocial
resources; integrated GI oncology, radiation oncology,
and surgical consultation; sexual health and fertility; and
genetic counseling. The research database includes a
comprehensive risk assessment questionnaire, fecal
microbiome analysis, somatic mutation analysis, and
germline testing for all patients who choose to partici-
pate. Further research is needed to understand the
appropriate timing and methods for incorporating these
services into patient care.

FUTURE DIRECTIONS

Patients with EO-GI cancers represent a group in which
clinical differences exist, but among whom a distinct

Surrounding

exposures

Prenatal exposures
Environmental exposures

Food supply 

Intestinal

microenvironment

Microbiome
Dietary metabolites

Immune cells
Genetic substrate

Individual

environment

Diet
BMI

Lifestyle
Smoking
Alcohol

FIG 2. Schema representing mechanisms underlying early-onset
GI cancers. BMI, body mass index.

Symptoms and Diagnosis Treatment Recommendations Genetics and Counseling Addressing Psychosocial Needs

Germline analysis for all
patients

Referral to genetic
counseling to discuss
family implications   

Early introduction of
sexual health and fertility
counseling

Offer social work
services to support
psychological and
financial needs

Offer nutrition counseling  

Treatment per standard
adult paradigms

Avoid over treating with
more aggressive therapy  

Attention to symptoms
and early workup with
EGD, colonoscopy, and
imaging

Routine disease-specific
biomarker testing: MMR
(all cases), HER2, and PD-L1

Somatic genomic
analysis to assess for
targetable alterations in
stage IV disease     

FIG 3. Practical considerations for treating patients with EO-GI cancers. EGD, esophagogastroduodenoscopy; EO, early-onset; HER2, human
epidermal growth factor receptor 2; MMR, mismatch repair; PD-L1, programmed death-ligand 1.

2670 © 2022 by American Society of Clinical Oncology Volume 40, Issue 24

Lumish and Cercek



TABLE 2. Characteristics of EO-GI Cancers: Esophagogastric
Study, EO
Definition Data Source Tumor Type/Location No. Stage at Presentation Demographic/Clinical Treatment Molecular

Germline/Family
History Survival

Gastric

Koea et al,4

2000
, 40 years

MSKCC
1985-1997

Gastric
adenocarcinoma

GEJ: 24%
Body: 60%
Linitis Plastica: 16%

92 EO-GC Pathologic staging
(n 5 47):

I/II: 53%
III/IV: 47%

M . F (57%)
Race: 66% White
Symptoms (most

common): dyspepsia
and indigestion (52%)

Symptom time to
diagnosis: 4-62 weeks
(median 26 weeks)

H. pylori: 9 of 39 tested
(23%)

Histology: majority
diffuse type (71%)

Curative surgery:
51%

Palliative surgery:
26%

Preoperative
chemo: 25%

Adjuvant therapy:
none

NA First-degree
relative with GC:
19%

Median survival:
No preoperative

chemo: 15.2 months
Preoperative chemo:

15.2 months
5-year survival after R0

resection (N 5 47):
Stage IA: 87.5%
Stage IB: 100%
Stage II: 30.6%
Stage IIIA: 15%
Stage IIIB/IV: 0%

Takatsu et al,5

2016
, 40 years

Cancer Institute
Hospital of
Japanese
Foundation for
Cancer
Research

2000-2010

Gastric cancer 136 EO-GC
1,435

control
group
(age 60-
69 years)

↑$ 7 LN metastases:
25% v 16%

Stage: no difference
Stage IV: 16.2% v

13.2%

M . F, but ↑ F in the EO
group (47.1% v
28.6%)

Histology:
↑ Diffuse type
↑ Undifferentiated

(90.4% v 53.9%)

Curative resection:
no difference
(83.8% v
86.5%)

NA NA Disease-specific
survival stage II ↑ EO-
GC group (P 5
.0439)

5-year OS and DSS: no
difference

Giryes et al,6

2018
, 40 years (20-

39 years)

SEER, BRFSS,
TCGA

2000-2014

Gastric cancer
↑noncardia (92.1% v

72.5%, P , .0001)

95,323 total
cohort

3,247 EO-GC
(3.4%)

↑ Positive regional
LN: 29.4% v
26.7% (. 39%
unknown for both
groups)

↑Distant metastases
at diagnosis:
48.3% v 32.5% (P
, .0001 for stage
at diagnosis)

M . F, but ↑ F in the EO
group (48.9% v
39.0%, P , .0001)

↓White patients (68.9% v
71.4%, P , .0001)

Alcohol: strong positive
correlation for both
groups

Obesity, smoking: no
correlation

Histology:
↑Diffuse type (5.9% v

3.1%)
↑Signet ring (34.1% v

16.0%)

Surgery to primary:
no difference

↑Chemo: 60.3% v
38.2%
(P , .0001)

↑RT: 22.0% v
20.7%
(P , .0001)

NA NA NA

Pocurull et
al,7 2021

, 51 years

Four centers in
Spain

1999-2018

Gastric
adenocarcinoma

Body: 111 of 203
(55%)

Antrum: 50 of 203
(25%)

309 EO-GC Advanced stage (III/
IV): 44 of 212
(78.3%)

Early stage (I/II): 44 of
212 (20.8%)

M . F (61.8%)
Moderate-high alcohol:

21 of 105 (20%)
Smoking: 77 of 169

(45.6%)
H. pylori: 24 of 82

(29.3%)
Histology: majority

diffuse type 118 of
161 (73.3%)

Surgery: 122 of
205 (59.5%)

Chemo with or
without RT: 67
of 205 (32.7%)

No oncologic
treatment: 16 of
205 (7.8%)

MMRd: 4 of 126
(3.1%) loss of
expression
MLH1/PMS2
without germline
mutation

Familial
aggregation of
GC: 18 of 117
(15.4%)

Familial GC: 5 of
117 (4.3%)a

Germline: 4 of 16
(25% of cases
tested; BRCA2,
TP53, CDH1)

Median f/u 7.6 y
5 year OS: 32.6%
Stage I/II: 87%
Stage III/IV: 11.3%
Diffuse histology worse

prognosis (P 5.19)
No survival difference

on the basis of age

(continued on following page)
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TABLE 2. Characteristics of EO-GI Cancers: Esophagogastric (continued)
Study, EO
Definition Data Source Tumor Type/Location No. Stage at Presentation Demographic/Clinical Treatment Molecular

Germline/Family
History Survival

Vitiello et al,8

2021
, 50 years

USSNC gastric
cancer database

2012-2014

Gastric cancer
Hispanic patients 23

as likely to present
with EO-GC, 28% v
15%

797 total
cohort

219
Hispanic
(28%)

61 Hispanic
EO-GC

↑ Metastatic disease
on diagnostic
laparoscopy
(100% v 56%)

↑Positive LN at time
of curative surgery

Histology: ↑signet ring
(62% v 40%)

↓Other medical
conditions (HTN, DM,
cardiac disease,
alcohol use, and
smoking)

NA NA NA DSS: No difference
when stratified by
stage

Esophageal

Hashemi et
al,9 2009

Thomas Jefferson
University
Hospital

1994-2004

EA 242 total
cohort

31 EO-EAC
(12.8%)

↑Lymphatic spread at
diagnosis: 48% v
31% (P 5 .015)

Stage: no difference

M . F (84% in both EO-
EAC and AO-EAC)

Smoking: 71% v 57%
(P 5 .137)

GERD: 39% v 30%
(P 5 .318)

Symptoms:
↑Dysphagia (80% v

60%)
Duration of dysphagia:

4.5 months v
2.5 months

(aDiagnosis delayed in
young patients with
dysphagia)

Barrett’s: 39% v 51%
(P 5 .211)

Histologic grade: no
difference

↑Neoadjuvant or
adjuvant chemo:
84% v 57%
(P 5 .004)

↑Neoadjuvant
chemoRT: 74%
v 55%
(P 5 .049)

Surgery: 74% v
68% (P 5 .126)

NA Family history
EGC: 0% v
2.3%
(P 5 .281)

Family history
other GI cancer:
16% v 14%
(P 5 .718)

Median survival: no
difference (21.1
months v 22.0
months)

Kolb et al,10

2020
, 50 years

NCDB 2004-2016 EA 114,123
total
NCDB
cohort

EO-EAC: 9%

↑Stage IV, ↓Stage I
(P , .01)

NA NA NA NA ↑Median OS (15.2
months v 15.1
months for age 50-
69 years, 10.4
months for age $ 70
years)

↑Stage-specific survival

Abbreviations: ↑, increase; ↓, decrease; AO, average-onset; BRFSS, Behavioral Risk Factor Surveillance Survey; chemo, chemotherapy; DM, diabetes mellitus; DSS, disease-specific survival; EA,
esophageal adenocarcinoma; EGC, esophagogastric cancer; EO, early-onset; EO-EAC, early-onset esophageal adenocarcinoma; EO-GC, early-onset gastric cancer; F, female; f/u, follow up; GC, gastric
cancer; GEJ, gastroesophageal junction; GERD, gastroesophageal reflux disease; HTN, hypertension; LN, lymph nodes; M, male; MSKCC, Memorial Sloan Kettering Cancer Center; NA, not available;
NCDB, National Cancer Database; OS, overall survival; RT, radiotherapy; TCGA, The Cancer Genome Atlas; USSNC, US Safety Net Collaborative (USSNC gastric cancer database represents five major
academic medical centers and their associated safety net hospitals: University of Texas Southwestern/ParklandMemorial Hospital; Emory University/GradyMemorial Hospital, New York University/Bellevue
Hospital, University of Miami/Jackson Memorial Hospital, University of Illinois at Chicago/John H. Stroger Jr. Hospital of Cook County).

aFamilial GC: Patients who met formal criteria for familial gastric cancer.
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TABLE 3. Characteristics of EO-GI Cancers: Pancreatic
Study, EO
Definition Data Source Tumor Type/Location No.

Stage at
Presentation

Demographic/
Clinical Treatment Molecular Germline Survival

Eguchi et
al,11

2016
, 40 years

Japan Pancreas
Society’s
nationwide
Pancreatic
Cancer
Registry

Pancreatic ductal
adenocarcinoma

36,145 total
cohort

526 EO-PC
(1.5%)

↑Stage IV NA Pancreatectomy
performed less
frequently

NA NA NA

Piciucchi
et al,12

2015
# 50 years

S. Andrea
Hospital,
University of
Rome (single
institution)

2006-2013

Pancreatic ductal
adenocarcinoma

↓ head of pancreatic
tumors (64% v 83%)

293 total cohort
25 EO-PC

(8.5%)

↑Unresectable
disease (84% v
68%)

M . F (68% v 48%)
↑Current smoking

(56% v 28%)
BMI: no difference
↓DM: 4% v 39%
Alcohol: no

difference
Symptoms: ↓

jaundice (16% v
44%)

Diagnostic delay: no
difference

↑Surgery in operable
cases

↑Adjuvant chemo after
curative surgery

↑Chemo for metastatic
disease (100% v
48%)

NA No difference Similar stage-
specific survival
probability

Ohmoto et
al,13

2016
, 40 years

National Cancer
Center
Hospital
database
(Japan)

2002-2013

Pancreatic ductal
adenocarcinoma

Tumor location: no
difference between
groups

908 total cohort
17 EO-PC (only

nine
underwent
germline
testing)

Stage: no
difference

M/F, smoking,
history of other
cancer: no
difference

NA NA No association
with germline
pathogenic
variants or with
family history

NA

Ntala et al,14

2018
, 50 years

Royal London
Hospital

2004-2015

Pancreatic ductal
adenocarcinoma

Tumor location similar:
head/uncinate 77%
v 79%

369 total cohort
35 EO-PC

(9.5%)

↓Resectable
disease (823% v
44%, P 5 .015)

Stage: no
difference

M . F (71% v 54%,
P 5 .04)

↑Asian or other
White background
(not British,
mostly Central/
Eastern
European)

Smoking, obesity,
diabetes, alcohol:
no difference

↓History of chronic
pancreatitis (14%
v 29%, P 5.92)

Symptoms:
obstructive
jaundice most
common in both
groups

↑ Adjuvant chemo/RT
(60% v 40%,
P 5 .008)

NA No difference (P5
.989 for
percentage with
inherited
genetic
syndrome)

No difference in
median OS or
stage-specific OS

↑Survival for
localized disease
(25 months
[95% CI, 12.9 to
37] v 13 months
[10.5 to 15.5])

(continued on following page)
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TABLE 3. Characteristics of EO-GI Cancers: Pancreatic (continued)
Study, EO
Definition Data Source Tumor Type/Location No.

Stage at
Presentation

Demographic/
Clinical Treatment Molecular Germline Survival

Varghese
et al,15

2020
# 50 years

MSKCC (single
institution)

2008-2018

Pancreatic (96.2%
adenocarcinoma,
excluded
neuroendocrine)

Head: 60.9%
Body: 20.0%
Tail 19.1%

450 EO-PC Resectable:
23.6%

Locally advanced,
unresectable:
27.3%

Metastatic: 49.1%
Unknown: 6%

M . F (56.4%)
Non-White 21.1%
Median BMI: 25.2

48.1% normal or
underweight
51.9% overweight
or obese

DM: 16.9%
Smoking (former or

current): 48.7%

Total cohort (N 5 277):
BSC: 4.0%
Surgery: 24.9%
2014-2018 de novo

metastatic (N 5 74):
Gemcitabine-based:

25.6%
FU-based: 74.3%
Targeted: 10.8%

N 5 132 somatic
testing

15.9% RAS wild-type
Actionable mutations:

ETV6-NTRK3, TPR-
NTRK1, SCLA5-
NRG1, ATP1B1-
NRG1 fusions, IDH1
R132C mut, MMRd

N 5 138 germline
testing

31.9% PGV

Median OS:
Cohort: 14.6
months
Stage IV: 11.3
months

Saadat et
al,17

2021
, 50 years

NCDB
2004-2016

Pancreatic 248,634 total
cohort

15,720 EO-PC
(6.3%)

0/I/II: 33.1% v
33.9%

III: 11% v 11%
IV: 49% v 46%
Unknown: 6.1% v

9.4%

M . F (56% EO-PC,
50% AO-PC)

↑Non-White (36% v
27%)

↑Chemo (38% v 29%)
↑Surgery (9% v 6.9%)
↑ChemoRT
↑Odds multimodal

curative therapy (OR
3.89, 95% CI, 3.66 to
4.15, P , .001)

↓No treatment (19% v
39%)

NA NA ↑1-year OS
regardless of
stage:
0/I/II: 72% v 53%
III: 48% v 38%
IV: 25% v 15%

Raffenne
et al,18

2021
# 55 years

Three surgical
cohorts from
five academic
centers in
Europe

1996-2010

Pancreatic, resectable 176 EO-PC
316 late onset

($ 70 years)

NA NA NA Similar molecular
profile (driver
mutations, global
methylation profile)

NA NA

Abbreviations: ↑, increase; ↓, decrease; AO, average-onset; BMI, body mass index; BSC, best supportive care; chemo, chemotherapy; chemoRT, chemoradiation; DM, diabetes mellitus at diagnosis; EO,
early-onset; EO-PC, early-onset pancreatic cancer; F, female; FU, fluorouracil; M, male; MMRd, mismatch repair deficiency; mut, mutation; NA, not available; NCDB, National Cancer Database; OR, odds
ratio; OS, overall survival; PGV, pathogenic germline variant; RT, radiotherapy.
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TABLE 4. Characteristics of EO-GI Cancers: Other GI Tract Cancers
Study, EO
Definition Data Source Tumor Type/Location No.

Stage at
Presentation Demographic/Clinical Treatment Molecular Germline Survival

Klein et al,19

2005
, 30 years

Johns Hopkins Hospital
1984-2003

13 HCC
9 FLC
1 cholangiocarcinoma

23 EO liver
cancer

65 adult
HCC
control
group

NA 3 patients with chronic HBV, no
other chronic background liver
disease

M . F (57%)
↑CK7 positivity

NA NA None
identified

NA

Yan et al,
2015

# 30 years
(late onset
$ 70
years)

Eatern Hepatobiliary
Surgery Hospital
(Shanghai, China)

HCC, HBV-associated,
resected

HBV capture sequencing
performed on 30 randomly
selected patients in each
group

258 total
cohort

113 EO-
HCC

HBV B2 predominantly seen in EO-
HCC

Breakpoint in 8q24 in 12.4% of EO-
HCC, v 1.4% LO-HCC (results in
c-MYC, PVT2, and microRNA-
1204 overexpression in tumors)

HBV integration is common in EO-
HCC and LO-HCC

NA NA NA

Ariake et al,21

2020
, 50 years

Japanese Society of
Hepato-Biliary-
Pancreatic Surgery
(JSHBPS; 102
institutes)

1997-2011

Biliary tract carcinoma (163
ICC, 175 PHC, 135 DCC, 214
GBC, 86 AC)

(21.1% ICC, 22.6% PHC,
17.4% DCC, 27.6% GBC,
11.1% AC)

774 Metastatic:
20.6%

M . F (57%)
PBM: 10.6% (38.9% of patients

age , 30 years)
Organic solvent exposure: 2.5%
Smoking: 10.5%
Heavy alcohol: 2.3%
PSC: 1.0%
PBM, choledochal cysts,

cholelithiasis, HBV, past history
of cancer: varied by BTC site

Postoperative
chemo:
47.3%

NA NA 5-year OS
rate/
median:

ICC:
23.1%/
22.0
months

PHC:
41.3%/
47.8
months

DCC:
38.2%/
38.7
months

GBC:
53.5%/
123.3
months

AC: 61.6%/
186
months

Abbreviations: ↑, increase; AC, ampullary carcinoma; BTC, biliary tract carcinoma; DCC, distal cholangiocarcinoma; EO, early-onset; F, female; FLC, fibrolamellar carcinoma; GBC, gallbladder carcinoma;
HBV, hepatitis B virus infection; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; LO, late-onset; M, male; NA, not available; OS, overall survival; PBM, pancreaticobiliary maljunction;
PHC, perihilar cholangiocarcinoma (extrahepatic cholangiocarcinoma); PSC, primary sclerosing cholangitis.
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underlying pathway for tumorigenesis and thus specific
biomarkers of disease and strategies for early detection are
not yet defined (Fig 2).

Early Detection

Although the screening guidelines for CRC have recently
changed to include patients age 45-49 years, we know that
many patients are diagnosed with CRC before age 45 years
and that early detection and screening programs for other
GI cancers do not exist. This is largely since symptoms of
other GI cancers are often nonspecific. One of the most
important lessons learned from the above studies is that
new and persistent symptoms in young patients should not
be ignored and warrant further consideration and possible
evaluation with imaging and/or endoscopy.59 Future di-
rections in the arena of early detection may include use of
artificial intelligence to risk stratify patients for screening on
the basis of history and symptoms104 and exploration of the
intestinal microbiome as a novel biomarker.

Intestinal Microenvironment

Several microbes including Fusobacterium nucleatum,
Bacteroides fragilis, and pks 1 Escherichia coli105 have
been identified as potential drivers of CRC although only a
few associations have been linked specifically to EO-
CRC.106,107 In addition, it is unclear if shifts in the microbial
community structure are causative or an effect of the
presence of the tumor. One large meta-analysis that an-
alyzed gut microbiome differences in a data set of more
than 2,500 individuals (age 20-89 years) demonstrated
CRC-specific patterns in the gut microbiome that differed
by age group and specifically noted that younger age
groups tend to gain microbial taxa including F.
nucleatum.108 In a small cohort that included 137 patients
with EO-CRC and 278 with AO-CRC, the intratumoral
microbiome alpha diversity was significantly higher in the
EO group and the diversity of genera as measured by beta
diversity was significantly different between groups al-
though the investigators did not control for tumor sided-
ness.109 Further prospective data would be needed to
confirm these associations.110

Several studies have raised the question of whether the
microbiome is implicated in the pathogenesis of EGC and PC
although have not specifically examined themicrobiome in EO
disease. Transformation of themicrobiome has been identified
from precursor states, such as reflux esophagitis and Barrett’s
metaplasia, to a distinct profile in EA.111 With regard to gastric
adenocarcinoma specifically, several studies have shown that
Helicobacter pylori, in addition to directly promoting adeno-
carcinoma, changes the gastricmucosa into a hypochlorhydric
environment, which allows specific other microbes to colonize
the stomach,112 and several bacterial genera have been re-
ported to be increased in patients with gastric adenocarci-
noma.113 However, there is no evidence that eradication of
bacteria other than H. pylori will have an impact on gastric
adenocarcinoma progression and no trends have been

identified among EO-EGCs compared with AO-EGCs. In PC,
studies have identified a potential role for several microbes,
including H. pylori, Enterobacter spp. Enterococcus spp., and
the oral microbiota related to periodontal disease (P. gingivalis,
Fusobacterium, N. elongate, and S. mitis) in the pathogenesis
of pancreatic adenocarcinoma114 although again these have
not been associated with age of onset.

Obesity and Diet

The effects of diet and obesity on EO-GI cancer risk and
response to treatment to date have been underexplored. On
the basis of data from the Nurses’ Health Study II (NHS II),
obesity and weight gain are associated with an increased
risk of EO-CRC among women, with a relative risk of 1.63 for
women with a BMI of 23.0 kg/m2 or greater at age 18 years
compared with those with a BMI of 18.5 to 20.9 kg/m2.115

Similarly, the relative risk for women gaining 40.0 kg or
more was 2.15 compared with those who had gained
, 5.0 kg or had lost weight. However, this study included
only 114 cases of EO-CRC among the . 85,000 partici-
pants, and a causal relationship similarly has not been
established. Obesity and body weight trajectories starting in
young adulthood have also been associated with risk of
esophageal and gastric cardia adenocarcinomas (GCA),
although not specifically with development of these cancers
before age 50 years.116 In a pooled analysis of two pro-
spective cohort studies including 409,796 individuals,
633 with EA and 415 with GCA, overweight BMI ($ 25-
30 kg/m2) at age 20 years with subsequent obesity (BMI
$ 30 kg/m2) by age 50 years was associated with increased
risks of both EA and GCA.116 Further research is needed to
assess the association of BMI and weight gain and EO-CRC
in men and to elucidate the role in EO-EGC and EO-PC.

On the basis of a report from the Nurses’ Health Study,
which included 70,450 individuals, participants who re-
ported the behavior of eating at any time (presumed sur-
rogate for unrestrained eating behavior) had an increased
risk of digestive system cancer (1.22; 95% CI, 1.10 to 1.35)
and of GI tract cancer (HR 1.33; 95% CI, 1.18 to 1.50)
compared with those not reporting this behavior.117 In
addition, on the basis of a combined analysis of 45,816
men (Health Professionals Follow-up Study, 1986-2012)
and 74,191 women (Nurses’ Health Study, 1984-2012),
there is a direct association between higher insulinemic
potential of diet or lifestyle and the risk of developing di-
gestive system cancers in men and women.118 However,
these observations have not been proven to have a causal
effect and appropriate strategies to modulate dietary intake
to lower risk of EO-GI cancers and their progression are
unknown.

Physical Activity

Sedentary TV viewing time has been used as a surrogate for
sedentary behavior and was prospectively associated with
EO-CRC, specifically rectal cancer, among women in the
Nurses' Health Study II.27 Although this finding was
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independent of exercise and obesity, overweight and obese
participants might have increased susceptibility to the ef-
fects of sedentary behavior, and the resultsmight have been
confounded by other unhealthy lifestyle factors or envi-
ronmental effects that were not measured. In a population-
based case-control study in Canada including 175 cases of
EO-CRC, longer sedentary time ($ 10 hours/day compared
with, 5 hours/day) was associated with an increased risk of
EO-CRC (odds ratio 1.93, 95% CI, 1.02 to 3.65).119 Given
that previous studies have demonstrated that physical
activity is associated with decreased risk of CRC, we do
agree that a more active and less sedentary lifestyle is
recommended although its benefit may not be specific to

preventing EO-CRC.120,121 Although physical activity has
also been associated with a decreased risk of EGC122 and
PC,123 this association is not specific to EO-GI cancers and
the optimal dose and intensity of exercise have not been
defined.

In summary, although several unique features exist among
EO-GI cancers compared with their AO-GI cancer coun-
terparts, there are no data at this time to support distinct
treatment paradigms for these patients. Specialized cen-
ters, with a focus on psychosocial aspects of cancer
management, are essential to address the unique care
needs of patients with EO-GI cancers (Fig 3).
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