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Abstract

During the last few years, epidemiological data from many countries suggest that the
incidence and prevalence of many cancers of the digestive system are shifting from the
older to the younger ages, the so-called “early-onset cancer”. This is particularly evident
in colorectal cancer and secondarily in other malignant digestive neoplasms, mainly
stomach and in a lesser degree pancreas, and biliary tract. It should be emphasized that
data concerning digestive neoplasms except of those referring to the colon and stomach
could be characterized as rather insufficient. The exact magnitude of the shift in
younger ages is expected to become clearer shortly, as long as relevant epidemiological
data from many parts of the world would be available. The most important question
concerns the etiology of this phenomenon, since its magnitude cannot be explained
solely by the better diagnostic methodology and the preventive programs applied in
many countries. The existing data support the assumption that a number of
environmental factors may play a primary role in influencing carcinogenesis, already
from the childhood. Changes that have appeared in the last decades related mainly to
eating habits, consistency of gut microbiome and increase of obese people interacting
with genetic factors, ultimately favor the process of carcinogenesis. Even these factors
however, are not entirely sufficient to explain the age-related changes in the frequency
of digestive neoplasms. Studies of the individual effect of each of the already known
factors or factors likely to be involved in the etiology of this phenomenon and studies
using state-of-the-art technologies to accurately determine the degree of the population
exposure to these factors are required. In this article, we attempt to describe the
epidemiological data supporting the age-shifting of digestive malignancies and their
possible pathogenesis. Finally, we propose some measures regarding the attitude of the

scientific community to this alarming phenomenon.
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Core Tip: Incidence and prevalence of many cancers of the digestive system are shifting
from the older to the younger ages, the so-called “early-onset cancer”. We propose
some measures regarding the attitude of the scientific community to this alarming

phenomenon.

INTRODUCTION

The term early cancer is defined as the appearance of cancer in any organ of the body at
the age of less than 50 yearslll. During the last decades, the incidence of early cancer has
increased significantly in many organs of the digestive system including primarily the
colon and stomach and secondarily the esophagus, bile ducts, and pancreas, as well as
other organs and systems. For the interpretation of this phenomenon, it is argued that
there was probably an exposure during the early life to factors that favor the
development of benign or malignant neoplasms. It is believed that changes related to
lifestyle, eating habits, gaining excess body weight, as well as changes in the gut
microbiome began to occur decades ago and continue to exist in many countries around
the world. These changes interacting with genetic factors may be responsible for the
appearance of this epidemiological phenomenonl2l. However, the carcinogenic effects of
each of the factors remain largely unknown.

In this review, we attempt to describe the epidemiological data supporting the age-
shifting of digestive malignancies and the possible underlying pathogenetic
mechanisms. Also, we propose some measures regarding the attitude of the scientific
community to this alarming phenomenon. A future goal of the scientific community
should be the reduction of the treatment-related morbidity of the underlying carcinoma,
as well as to prevent the occurrence of psychosocial sequelae and to treat them

accordingly. Epidemiological studies should still be carried out with an emphasis on the
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investigation of aetiological mechanisms and the development of methods of

prevention and early diagnosis.

EPIDEMIOLOGY

Cancer today is one of the most important causes of morbidity and mortality.
According to Global Cancer Statistics 2020, breast (11.7%), lung (11.4%), and colorectal
cancer (CRC) (10.0%) are the most common malignancies, while lung cancer is the
leading cause of cancer death (18%), followed by colon (9.4%), and liver cancer (8.3%).
We know that the incidence of cancer is higher in adults over 50 years of age, but the
incidence of early-onset cancer has increased worldwide, resulting in significant
individual and societal impacts. Since the beginning of the 20* century, changes in diet,
lifestyle, and the environment have resulted in an increase in cancer rates around the
world. Increasing obesity rates, lack of physical exercise and environmental pollution
have also contributed to the incidence of early cancer. In addition, alcohol, smoking and
exposure to harmful agents during pregnancy are likely to have influenced the
incidence of early-onset cancer.

In a recent study, the epidemiological parameters of early-onset cancers (incidence,
deaths, disability-adjusted life years and risk factors) were investigated based on the
Global Burden of Disease 2019 study with reference to 29 types of cancer worldwidel3l.
It was found that between the years 1990 and 2019 the incidence of early-onset cancer
increased by 79.1% (1.82 million cases of early-onset cancer in 1990 and 3.26 million
cases worldwide in 2019). The number of early cancer deaths increased also by 27.7%
(0.83 million cancer deaths in 1990 and 1.06 million deaths in 2019). The shift towards
younger age of breast, respiratory system, stomach and colon cancers showed the
highest mortality and disability-adjusted life years in 2019. Globally, early liver cancer
showed the steepest decline. Early colon cancers exhibited high disability-adjusted life
years for both, men and women. Areas with a high and medium socio-demographic
index showed the highest incidence of early cancer. Projective indicators suggest élat

the global number of cases and deaths from early-onset cancer will increase by 31% and
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21% in 2030, respectively. However, for the acceptance of these data, the possible
influence of various other factors should also be taken into account. For example, in the
above study, the authors did not take into account population growth and the age of
individuals. The world population between the years 1990 and 2019 has increased by
46%, and the authors’ calculations were based on absolute numbers rather than
standardized age percentages. Similarly, the authors calculated the change in deaths
using absolute, rather than population- or age-adjusted, numbers. In the discussion of
the results the authors acknowledge that the study has several limitations that could
affect the results, such as variations in the quality and availability of data in different
countries. Moreover, some details regarding the accuracy of the data are the data
concerning certain countries. The authors, for example, compared the Solomon Islands
with the other 203 nations and concluded that the inhabitants of these islands had the
highest standardized rate of death from early-onset cancer (82.9 per 100000). However,
this tiny South Pacific nation, whose population is spread across 350 islands, began
collecting cancer data after 2008 and established its first oncology unit in 2019. The
authors also reported sharp increases in cases of cancers diagnosed between the years
1990 and 2019 in the United Arab Emirates (1127.6%), Qatar (1089.5%) and Saudi Arabia
(896.0%). It is estimated that by 2030 the incidence of cancer in the Middle East
countries will increase by 1.8 times. The highest number of cases has been observed in
Egypt and Lebanon (159.4 and 165.8 cases/100000 population respectively), while the
lowest number of cases has been observed in Saudi Arabia and Sudan (96.4 and 95.7
cases/100000 population respectively)ldl. Despite this, the prevalence of malignant
diseases is still lower than that of Western countries.

Therefore, if population growth is taken into account, the data can be expected to
change significantly. Thus, if the analysis is population-adjusted, the global incidence of
early-onset cancers is estimated to have increased by 6% over the past 30 years, while
cancer deaths actually decreased by 25% based on additional data from the above
study. Despite these remarks, and based on the available data, we can accept that the

morbidity from early-onset cancer continues to increase, showing variations in
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mortality and disability-adjusted life years depending on the country, gender, and type
of cancer. Encouraging a healthy lifestyle in combination with other modifications

could reduce the burden of early cancer.

Early esophageal cancer

Early-onset esophageal adenocarcinoma: Concerning the epidemiological changes and
clinical characteristics of early-onset esophageal adenocarcinoma (early-EAC) recent
data suggest that the incidence of this malignancy is increasing in many countries of the
world. It is worrying that the majority of patients have end-stage disease and therefore
a poor prognosis. The available data also suggest that despite the implementation of
screening and surveillance programs for patients with Barrett’s esophagus, early
esophageal cancer occurs at advanced stages and is associated with poorer survival
compared to the elderly. The consequences of the increase in the frequency of early
esophageal cancer are expected to be significant concerning early diagnosis, therapeutic
treatment, preventive strategy, as well as the aetiological approach to this
epidemiological phenomenon/®l.

The existing data regarding the epidemiological and clinical parameters of early-EAC
are considered rather insufficient, probably due to the relative rarity of the disease. In a
population-based cohort study involving the population of Sweden for the period 1993
to 2019 and aiming to find differences in the incidence and survival between early and
late-onset esophageal cancer in a population of 470 patients, it was found that the
prevalence of the disease in men was greater in those with early-EAC. Even patients
with early-EAC had better survival mainly in stages 0 to II. No differences were
observed in the incidence of the disease in the groups of women with early and late-
onset onset, respectivelylél.

Lai et allll studied a total of 18278 patients with gastroesophageal junction
adenocarcinoma who were divided into three age groups: Less than 50, 50-69, and equal
to or greater than 70 years. The clinical and histological characteristics as well as the

prognosis of the three groups in three periods (1975-1989, 1990-2004, and 2005-2017)
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were examined. It was found that patients with early-EAC had higher tumor grade,
advanced nodal and distant metastatic disease at diagnosis, compared to the other
groups. Early-onset patients also received chemo-radiotherapy at a higher rate
compared to older patients, with better overall survival. Finally, patients with early-
EAC were more likely than other age groups to present with advanced disease at
diagnosis with a better prognosisl’l.

In a study from the United Statesl8l the authors found that for the period 2000-2002 to
2015-2017, the incidence of esophageal adenocarcinoma increased in all age groups
from 2.9 to 3.3 per 100000 population. Specifically, they analyzed 114123 patients
diagnosed with esophageal adenocarcinoma. Most patients were diagnosed at an
advanced stage (53.6% stage I1I/1V). At diagnosis, the percentage of patients with early-
EAC and stage IV disease was significantly higher compared to the late-onset group,
while the percentage of patients with stage I early-EAC was lower compared to late-
onset patients. However, median survival was higher and overall survival was better in
the early-EAC compared to the late-onset group. These data support that in the United
States the increasing incidence of esophageal adenocarcinoma is largely due to the onset
of the disease in older adults. Contrary to the data concerning early-CRC in Western

countries, the results show consistent rates of early-EAC.

Early-onset squamous esophageal cancer: In relation to esophageal squamous cell
cancer, the existing data are also insufficient, mainly coming from countries with an
increased incidence and prevalence of the disease. East African countries have the
highest percentages of patients with esophageal squamous cell cancer.

An interesting epidemiological feature of this type of carcinoma is its high incidence
at young ages with 1/3 of cases being diagnosed under the age of 45. In a study from
Tanzania, the authors compared 471 patients with esophageal squamous cell cancer
younger than 45 (100 patients, 21%) and a group of esophageal cancer patients older
than 45 years, and with a group of 471 sex- and age-matched controls with benign

diseases. They found that patients with early onset of the disease reported infrequent
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tooth cleaning, exposure to secondhand smoke, and increased exposure to factors such
as pest infestation of grain and/or nuts. In the group of elderly patients, it appeared
that low socioeconomic status, family history of esophageal cancer, smoking, drinking
alcohol, storing grains or nuts at home, and using firewood when cooking food were
risk factors for the development of carcinoma. Finally, the intake of hot drinks was
associated with an increased risk in both age groupsl’l It therefore appears that risk
factors for the development of esophageal cancer in Tanzania differ between age groups
and that environmental and behavioral factors play an important role in the high

incidence of early-EAC.

Early-onset gastric cancer

The diagnosis of early-onset gastric cancer (early-GC) represents an important
individual and societal challenge. In general, those who are younger than 45 years old
when the carcinoma is diagnosed are considered to be suffering from early-GC.
Epidemiological data support that early-GC constitutes about 5% of the total cases of
stomach cancer with a percentage of 3% accompanying hereditary syndromes and the
rest constituting sporadic cases. Interest in early-GC has recently been rekindled due to
the increase in reported cases internationally. The clinical and epidemiological
characteristics of this form of GC differ from sporadic and familial GC suggesting that it
constitutes a largely distinct clinical entity that requires an adapted preventive,
diagnostic, and therapeutic strategyl!?l. Disease progression is rapid; with distant
metastases being diagnosed early after the disease is confirmed. The degree of
differentiation of the neoplasm is low, and the molecular and genetic mechanisms
involved in the processes of carcinogenesis are largely different from those of sporadic
GC. The prognosis of the disease is generally poor with survival rates being particularly
lowl!]. These data are confirmed by data from a German study of 46110 patients with
early-GC. The results showed that the incidence of signet ring cell carcinoma was
increased in the cases of patients with early-GC. Patients with early-GC were in a

greater proportion male while the disease stage and tumor differentiation were more
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advanced compared to cases of late-onset GC. Interestingly, the survival of patients
with early-GC despite the advanced stage, the aggressiveness of the tumor, and the less
treatment they received, their survival was significantly better than that of patients with
advanced age (five-year survival: 44% vs 31%) confirming the results of other studies
showing that age is an independent predictor of better survivall(t2l.

In the study by Zhou et all®® the survival curves of patients with late-onset signet ring
cell carcinoma showed that these patients had worse survival than patients with early
onset. This study also confirms that patients with early signet ring cell GC had a higher
chance of distant metastases compared to patients in the late-onset group and that age
younger than 45 years, is indeed an independent risk factor for distant metastases!!3l.

In the United States, while the incidence of GC is decreasing, the incidence of early-
GC is steadily increasing. early-GC currently exceeds 30% of all GC cases in the United
States, being a genetically and clinically distinct type from traditional GC. Also, early-
GC cases were more likely to be Epstein-Barr virus-related or genomically stable, while
late-GC was more likely to be a microsatellite instability subtypell4l. Giryes et all'5l also
investigated the clinical, epidemiological, and genetic differences between early-GC and
traditional GC in 95323 patients between the years 2000 and 2014. They found that
while the incidence of traditional GC was decreasing during the study period, the
incidence of early-GC remained constant. Early-GC was less common in men and
whites while presenting more aggressive histological subtypes. They found no
differences in risk factors between the two groups!’®l. All authors of the above
mentioned studies agree that further studies are needed to investigate the possible

causal basis of the clinical effects of these two types of GC.

Early-onset CRC

The existing epidemiological data worldwide suggest that despite the implementation
of screening, public information about risk factors, and the implementation of improved
diagnostic and therapeutic strategies, CRC continues to be a major health problem

representing the second cause of cancer death worldwide. This is proven by the study
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by Hu et all'®l, who described the epidemiological data of CRC in the period 1990 to
2019 in 204 countries using linear and join point regression models. Globally, a slight
decrease in the age-standardized rate of Disability-adjusted life-year was found, which
was more evident in the female sex and the countries of Western Europe and Australia.
During the next 20 years, a small increase in morbidity is predicted, a faster decrease in
mortality, and a shift in the age of onset of the disease towards younger ages!'®l.
However, it is generally accepted that the epidemiological data of CRC in countries of
low socio-economic level is lacking, and this concerns particularly in African countries
for which CRC is diagnosed late, resulting in increased mortality[171.

Regarding the epidemiological data of early-onset CRC (early-CRC), it appears that
this type of CRC in the year 2030 will represent in many countries about 11% of the total
number of CRC and 30% of rectal cancers in both men and womenl'8l. The increase in
early-CRC cases is greater in middle and high-socio-demographic index countries as
well as in East Asian countries in which appropriate adaptation of screening guidelines
needs to be done with the adoption and introduction of more effective preventive and
diagnostic interventions/'?l.

Pan et all?l studied the global incidence, prevalence, mortality, and disability-
adjusted life years of this type from 1990 to 2019. The results showed that the global
incidence of early-CRC cases more than doubled, increasing their number from 95737
cases per 100000 population in 1990 to 226782 cases per 100000 population in the year
2019. The incidence of deaths increased from 50997 per 100000 in 1990 to 87014 per
100000 population in 2019. Finally, disability-adjusted life years increased significantly
mainly in middle socio-demographic index countries in which aging and population
growth play an important role(?.

In general, early-CRC follows a birth-cohort effect due to long exposure to risk factors
for the development of cancer. Of concern is the phenomenon of diagnosis in advanced
stages with histological features associated with a poor prognosis. Early-CRC presents
some special features such as the frequent presence of microsatellite instability. So far

there are no relevant treatment protocols for early-CRC cases depending on the
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patient’s age. The finding of high rates of germline pathological mutations in patients
with early-CRC makes it necessary to evaluate the existence of genetic riskl2ll.

According to recent data from the American Cancer Society, it is estimated that in the
United States in 2023, 153020 people will be diagnosed with CRC and 52550 people will
die from the disease. These numbers also include 19550 cases of early-CRC from which
3750 people will die. A decrease in CRC incidence of 1% per year during 2011-2019 was
observed compared to 3%-4% per year during the 2000s, possibly due to an increase in
the proportion of people under 50 years of age. The incidence of early-CRC since 2010
has increased by 2%-3% per year for locoregional disease and by 0.5%-3% for disease

ith distant metastases, per year. A shift towards left-sided colon tumors was also seen
with the rate of rectal cancer increasing from 27% in 1995 to 31% in 2019. Mortality
decreased by 2% per year from 2011-2020 but increased by 0.5%-3% per year for people
under 50 years old. Collectively, and despite continued overall declines, CRC is rapidly
shifting toward younger ages, more advanced stages, and the left colonl?2l. In a recent
study, it was also confirmed that the majority of early-CRC cases are located in the left
colon, but patients with localization in the right colon have a higher mortality(231.

Zaki et al] determined 5-year survival and differences in survival by race and
ethnicity in 33777 patients with early-CRC. Five-year survival ranged from 57.6% (black
patients) to 69.1% (white patients). Survival improved from 2003 to 2013 but only for
whites, while there was no improvement in black, Asian, and Hispanic patients. The
study demonstrates racial-ethnic disparities in survival and mortality in patients with
early-CRCI24l.

It is well-known that racial/ethnic disparities of the epidemiological data regarding
the early-CRC become more pronounced over time. People belonging to the black race
have a higher incidence of early-CRC and shorter survival compared to white people.
Recent data demonstrated that early-CRC rates have increased significantly among
American Indians/Alaska Natives, Hispanics, and Whites. Also, compared to whites,
the rate of increase among American Indians/ Alaska Natives is close to 21% while it is

6% higher among blacks. In contrast, although the rates of late-onset CRC are
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decreasing, they remain 29% higher in blacks and 15% higher in American

Indian/ Alaska Natives compared to whites. The overall incidence of CRC is higher in
males except for CRC of the left colon which is higher in females!®l. These
epidemiologic data suggest that access to CRC screening should be ensured in Black
and American Indian/Alaska Native people, conditional on their acceptance of the
screening recommendation. Also, recent comparative data on the prevalence of early-
CRC among Africans in Nigeria and African Americans in the United States show that
among 5019 black individuals, 379 were Nigerian and 4640 were African American.
Black Nigerians with early-CRC were eight times more likely to have rectal cancer
compared with African Americans with early-CRC. Of interest is the fact that early-
CRC patients from Nigeria present particular clinical features compared to the
corresponding African-American patients?®l. Recent data also suggest that the incidence
rates of rectal adenocarcinoma are 39% lower in black individuals with the gap
widening between white and black women(#1.

Likely, the rigorous study of the pathology data and the biological heterogeneity of
black patients with early-CRC will help to better understand the racial differences
observed, as well as to design more effective strategies for the prevention, detection,
and treatment of patients. Even though the age of screening for CRC has shifted to 45
instead of 50 years in all racial groups, this age shifting could succeed after appropriate
publicity to increase the number of young people undergoing screening for CRC.

Li et all®! studied the epidemiologic and clinical parameters and risk factors of
Chinese patients with early-CRC and compared the results with counterparts from the
G20 countries. The results showed that between 1990 and 2019, the age-standardized
incidence rate and age-standardized prevalence rate of early-CRC in China increased
(estimated annual percentage change 4.61 and 5.82). Compared to G20 countries, China
ranked 13% in terms of age-standardized incidelﬁe rate in 1990 to reach 2" in 2019
(after Japan). Age-standardized prevalence rates increased in all G20 countries, while
they were highest in Saudi Arabia, followed by China and Mexico. In addition, China

had the highest age-standardized mortality rate and the highest age-standardized
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disability-adjusted life years in 2019. The main risk factors for both sexes in Chinese
patients in 2019 were a diet low in milk and calcium, drinking alcghol, smoking, and a
diet high in red meat. It is estimated that during the next 10 years the age-standardized
incidence rate, the age-standardized mortality rate, and the age-standardized rate of

disability-adjusted life years will continuously increase in both sexes(281.

Early-onset pancreatic cancer

Pancreatic cancer (PC) represents the most lethal malignant disease in humans. It is
claimed that by the year 2040, PC will be the second leading cancer-related cause of
death in the United States. Pancreatic adenocarcinoma is the most common histological
type with the lowest five-year survival rate. The available epidemiological data
[Surveillance, Epidemiology, and End Results data (SEER)] demonstrate a significant
increase in the incidence of pancreatic and biliary tract cancers in younger populations
during the last three decades. In the majority of cases of early-onset pancreatic cancer
(early-PC) which represents 5%-12% of all PC cases no hereditary or familial
background is observed, suggesting that behavioral, lifestyle, and dietary factors, in
combination with microbial, environmental, and host factors, participate in its
pathogenesis(291.

Huang et all using data from the United States North American Association of
Central Cancer Registries compared the incidence of early-PC with the incidence of late-
onset PC (LOPC) by sex, race, and ethnicity in the entire United States population. The
authors analyzed 713622 (80908 early-PC and 632714 LOPC) cases of invasive pancreatic
adeno&u‘cinoma from 1995 to 2018. They found that patients with early-PC were more
often male, less likely to be non-Hispanic white, and more likely to have advanced-
stage cancer compared gith the group of patients with LOPC. They also found that the
incidence of early-PC and LOPC increased steadily over the study period, with the
mean annual percentage change being twice as high for the LOPC compared to the
early-PC group. The incidence was also greater in males compared to females for both

early-PC and LOPC. However, only women showed a significant increasing trend for
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early-PC while both men and women showed a similar increasing trend for LOPCBO,
The increased incidence of early-PC in women could be due to histological subtypes of
the disease more commonly seen in women (e.g., cystic adenocarcinomas) which was
also observed in this study The faster increase in the incidence of early-PC in non-
Hispanic white and Hispanic United States women suggests that these racial groups
would likely benefit from more targeted surveillance practices and other treatment
interventions.

Ren et all®! studied 42414 patients with PC of whom 2916 (6.9%) had early-PC using
the SEER database. Patients with early-PC were more often male and had a larger
tumor size, a higher rate of vascular infiltration, and a higher rate of distant metastases
compared to the LOPC group. However, surgical resection rates were comparable, and
histological features were similar in patients who underwent surgical resection of the
tumor. The early-PC group had a longer five-year overall survival and specific five-year
survival with a similar prognosis(31l.

In a study from the Czech Republic involving 18888 patients of whom 1324 (7.0%)
had early-PC for the period 1985 to 2015, the authors observed a mean annual
percentage change in the frequency of patients with early-PC of -1.0%. The average
annual percentage change for male patients with early-PC was -2.0% while for females
it was +0.6%. The incidence of average annual percentage changes for LOPC was +1.3%.
There were no differences in tumor stage, grade, or location between early-PC and
LOPC. Younger patients were more often male and had better overall survival, which
means that continuous efforts should be made for the early diagnosis and treatment of
patients with early-PCI?2,

Regarding the epidemiological characteristics of early pancreatic neuroendocrine
neoplasms (early-EPNs), although they are of substantial scientific interest, they have
not been sufficiently investigated. A recent study using data from the SEER database
and between the years 2000 and 2018, investigated the incidence, clinical and
histological characteristics, treatment, and survival of 5172 patients with pancreatic

endocrine neoplasms, of which 1267 cases (24.5%) involved early-EPNs and 3905 cases
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(75.5%) involved late-onset EPNs. It was found that the age-adjusted incidence
increased significantly in patients with late-onset EPNs in contrast to the incidence of
early-EPNs which remained relatively stable. Early-EPNs were more common in
women, had better tumor differentiation, and were treated surgically in a higher
proportion compared to late-onset ERNs. For localized disease at presentation, surgery
has been the most commonly used regimen over the past two decades. Overall survival
and cancer-specific survival were significantly better in the early-EPNs group. This
study found that early-EPNs are a rare clinical entity distinct from the late-onset EPNs
grouplsl. Certainly, further studies are needed to better understand the characteristics

of this subgroup of pancreatic endocrine neoplasms.

Early-onset biliary cancer

Data originating in developed Western countries suggest that early-onset biliary cancer
(early-BC) - a rare malignant disease of the biliary tract and gallbladder - shows
continuously increasing trends. In a recent study from Sweden, the authors analyzed
data from all patients aged 20-84 years diagnosed with biliary tract cancer between 1993
to 2019 (14083 patients). The authors divided the study period into three parts, 1993-
2001, 2002-2010, and 2011-2019. The 14083 patients were divided into two groups: The
early-BC group (1377 patients, 9.8%) and the late-BC group (12706 patients, 90.2%). The
results showed that the incidence of gallbladder cancer decreased, while intrahepatic
cholangiocarcinoma increased in the early-BC patient group. Also, both intrahepatic
and extrahepatic cholangiocarcinoma increased in both age groups with the increase
being more prominent in the early-BC groupl3. Further studies need to be conducted in

order to interpret the causes of these epidemiological changes and trends.

ETIOPATHOGENETIC FACTORS

Since the 1950s, major lifestyle changes, such as antibiotic use, low physical activity, and
obesity, may be significant risk factors for developing early digestive tract cancer.

Although the etiology of this phenomenon is not fully understood, several factors seem
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to contribute to the emergence of this epidemiological change. These factors are

analyzed below.

Smoking behaviors

Smoking has long been known to participate in the carcinogenesis processes of many
human organs and systems, including the digestive one. The effect of smoking on the
occurrence of early gastrointestinal cancer has not been adequately studied. The
existing data are mainly referred to CRC.

In a recent study, Li et all®] investigated the smoking habits of 724 patients with early-
CRC and 5540 cases of patients with late-CRC. They found that smoking exposure was
much higher in patients with early-CRC compared to patients in the late
cardiopulmonary resuscitation group. Adjusted odds ratios for the two groups were
1.57 and 1.46 respectively, and in the quitters: 1.39 and 1.24 respectively. These data did
not differ in patients with disease located in the rectum or the rest of the large
intestine[3l.

In a systematic review and meta-analysis, Li et all**l evaluated the relationship of
smoking habits with the occurrence of early- or late-onset CRC. They included six
studies in their analysis. They found that current smokers are at a high risk of
developing early-CRC compared to nonsmokers in contrast to quitters for whom they
found no significant differences compared to non-smokers. These data suggest that
smoking is an important risk factor for both early-CRC and late-CRC, and that quitters
are at the same risk as nonsmokers. Therefore, smoking can with sufficient certainty be

one of the factors responsible for the increase in the incidence of early-CRCI3l.

Nutritional and metabolic factors - obesity

It is estimated that worldwide nutritional risks for disability-adjusted life years account
for 34.4%, due to the low consumption of milk, whole grains, and calcium. A diet high
in sodium is a risk factor for early-GC. Diet-related environmental factors also

participate in the pathogenesis of early-CRC and the increase of its incidence. Especially
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for early-CRC, it is argued that the increase in the incidence of metabolic diseases such
as diabetes mellitus, seen in young ages contributes to the increase in early-CRC cases
diagnosed in the last decades.

In a recently published systematic review and meta-analysis, Khoa Ta et all%!
analyzed 33359 early-CRC cases and 14259289 controls included in 12 studies. A
significant positive correlation was found between diabetes mellitus and an increased
risk of early-CRC which suggests that diabetes mellitus is a risk factor for the
development of early-CRC. The higher prevalence of diabetes mellitus among younger
adults observed may contribute to the increasing incidence of early-CRC#I. It is
therefore concluded that decisive interventions to reduce this two-way risk should be
studied more extensively as this will contribute to the development of effective
prevention and treatment strategies.

Chen et al®] investigated the possible associations of a group of dietary factors and
the incidence of early-CRC in people aged 25-49 years during the period 1977-2016 in
the United States, using negative binomial regression models. They found that the
incidence of early-CRC was positively associated with smoking and alcohol
consumption for both men and women. No correlations were found with other dietary
factors such as obesity and fiber intake. Alcohol consumption in particular, which has
increased significantly among young adults since the 1980s, may have contributed to
the increased incidence of early-CRC showing its epidemiological impact since the
1990s. It is argued that increased alcohol consumption may have contributed to the
recent increases in the incidence of early-CRCI38I.

The role of serum 25-hydroxyvitamin D levels in early-CRC cancer prevention has
not been adequately studied. Kim et all®! studied serum 25(OH)D levels in 236382
Korean adults. Vitamin 25(OH)D levels were categorized as < 10, 10-20 and = 20
ng/mL. The authors correlated serum 25(OH)D levels with the risk of CRC. The results
showed that during 1393741 person-years of follow-up, 341 people developed CRC.
Among the early-CRC subjects, serum 25(0OH)D levels were inversely associated with
risk of CRC [hazard ratio (HR) = 0.61 and 0.41 for 25(OH)D 10-19 ng/mL and = 20
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ng/mL, respectively], concerning the reference (< 10 ng/mL). For late-CRC subjects the
associations were similar compared to younger subjects. The results of this study
suggest that serum vitamin 25(OH)D levels are favorably associated with the risk of
developing both early-CRC and late-CRCI391.

In a systematic review and meta-analysis involving 36 and 30 studies respectively,
Hua et all®l investigated risk factors for early-CRC occurrence. They found that
significant risk factors were male gender, people of Caucasian race, people with a
positive family history of CRC, patients with inflammatory bowel disease, obese and
overweight people, people with hypertriglyceridemia, hypertension, and metabolic
syndrome, smokers, people with a history of alcohol consumption, processed or red
meat, as well as people with Western dietary patterns, people who do not exercise and
people who consume sugary drinks. They found no significant differences between
hyperlipidemia and hyperglycemia (Figure 1). Vitamin D was a protective factor4l.
Based on these data, risk prediction models specific to early-CRC as well as tailored
screening strategies should be created.

Regarding obesity, although it is known to be a risk factor for digestive system
cancer, its relationship with the development of early gastrointestinal cancer has not
been sufficiently studied. In a 2004-2008 study from the United States, the authors
found that obesity [body mass index (BMI) > 30] was signi.ficantlyéssociated with a
lower age of diagnosis in all four types of cancer studied, namely 3.25 £ 0.53 years for
GC, 4.56 + 0.18 years for CRC, 4.73 £ 0.73 years for esophageal cancer and 5.35 + 0.72 for
PC. People with morbid obesity (BMI > 40) had an even younger age of cancer onset
namely 548 = 0.96 years for GC, 7.75 + 0.30 years for CRC, 7.67 + 1.26 years for
esophageal cancer, and 8.19 + 1.25 years for PC. The association of obesity, particularly
morbid obesity, with early onset of all 4 of these malignancies remained positive even
after adjustment for other predisposing risk factors®!l. Therefore, the causal relationship
between obesity and early-GC should be further investigated. Furthermore, data from a
recent study from Norway confirm thahincreased BMI in young adults (males and

females) increases the risk of early-PC. Survival was lower in overweight and obese
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subjects in both sexes. The analysis, adjusted for sex, age, and perigd of diagnosis,
confirmed the increased risk of death from cancer in obese individuals. Overweight and
obese individuals were less likely to undergo curative surgery while obese individuals
had a higher risk of death from cancer42l.

Regarding the metabolic syndrome, it appears that male patients present more often
early-CRC than late-CRC. Even patients over 50 years of age present more often
advanced serrated lesions than conventional adenomasl#}. Prevention of metabolic
syndrome is expected to have a favorable effect on the incidence of colon adenomas

especially in people over 50 years of age in the following years.

Gut microbiome

Although a significant percentage of early-onset digestive system cancers are related to
germline genetic variants, in the majority of early-onset digestive system other factors
such as diet, lifestyle, environmental factors and the gut microbiome participate in the
processes of carcinogenesis exerting their influence from young to mature age.
However, the exact contribution of each of these factors remains unclear.

Evidence so far suggests that different types of digt, lifestyle, and environmental
exposures alter the oral and gut microbiomel#l. The animal-based diet, the so-called
Western diet, causes a shift in the dominant microflora and their metabolic activity,
which can disturb the homeostasis of hydrogen sulfide concentration. It is reasonably
hypothesized that bacterial sulfur metabolism is a critical mechanism involved in the
pathogenesis of early-CRC. The microbial sulfur diet facilitates the induction of
inflammatory changes and mucosal damage, changes that contribute to the

development of CRCI431.

Host imimune responses
It is argued that individuals with primary immunodeficiencies as well as individuals
with innate immune deficiencies present an increased risk of developing early digestive

system cancer. This assumption is supported by the data of a recent systematic review.
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In this study, the authors included all patients with inborn errors of immunity and
primary immunodeficiencies who, during the disease, developed a malignant neoplasm
of the digestive tract (stomach, large and small intestine). They found that the common
variable of hypogammaglobulinemia was the most common immunodeficiency
situation linked with the development of malignancy of gastrointestinal tract. They also
observed that the agg_of onset of the neoplasm was younger compared to the general
population. Another 12% of patients had molecular genetic diseases, in which the three
most frequently involved genes were ATM, CARMIL2, and CTLA4. Decreased humoral
immunity and Epstein-Barr virus infection were the most likely underlying aetiological
factorsl4l. These data support that patients with primary immunodeficiencies and other
congenital immunodeficiencies should be considered as patients at increased risk for

early-GC and therefore screening should be started at an earlier age than recommended

Use of antibiotics in early life

Regarding the effect of the therapeutic use of antibiotics during childhood, use which
has been etiopathogenetically associated with a multitude of morbid conditions in later
adult life (e.g., inflammatqry bowel disease), Jiang et all*’l found that long-term or
recurrent antibiotic use by early life span is associated with an increased risk of early-
CRC and adenomas and that the association with adenomas was significantly greater
among individuals with the rs281377 TT/CT genotype. However, further studies are
needed to investigate how long-term or recurrent antibiotic use contributes (together
with genetic factors) to the modification of early-CRC risk, especially regarding the

microbiome-related pathway that governs colon carcinogenesis.

Genetic and molecular factors
Genetic factors and complex molecular mechanisms participate to varying degrees and
proportions in the pathogenesis of early digestive system carcinomas. Good quality

data exist for early-CRC and early-PC which are analyzed below.
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In early-CRC: The existing histological and molecular characteristics of early-CRC cases
suggest that these tumors differ from their counterparts in late-CRC patients. The
observed DNA, RNA, and protein-level changes appear to be unique to early-CRC and
highlight the need for biomarkers and new therapeutic targets and strategies. The
majority of molecular studies related to early-CRC have been performed in Western and
Asian countries. Genetic and molecular features that have been studied in late-CRC
such as high-throughput analyses of histone modifications, mRNA splicing, and
proteomics have not yet been investigated in early-CRC. As highlighted by Marx et
all*8l, the complex relationship between cancer and the aging processes of the organism
should be taken into account when studying the molecular substrates of early-CRC.
Approximately 10% of CRC cases are associated with pathogenic variants. These
pathogenic variants were detected in 15%-33% of individuals with early-CRC regardless
of family history of CRC. It is noteworthy that next-generation sequencing has
improved the accessibility of genetic tests to detect the existence of cancer susceptibility
genes. As a result, genetic testing is expected to have a significant impact on the early-
CRC shortly.

It is argued that because the colon genome differs in its different segments the
prevalence of certain molecular features of CRC may vary gradually in the different
segments of the colon. Understanding the molecular differences of cancer in different
segments of the colon at different ages may contribute to individualized patient
management. Ugai et all®l studied microsatellite instability, CpG island methylator
phenotype, and KRAS and BRAF mutations in 14004 cases with CRC including 3089
cases of early-CRC, in different locations of the cancer (caecum, anion, transverse,
cation, and sigmoid colon and rectum). The comparison of the early- and late-CRC
groups demonstrated that the rates of early-CRC with high microsatellite instability,
high CpG island methylator phenotype, and mutated BRAF were lower in the rectum
and higher in the ascending or transverse colon. Compared to late-CRC, early-CRC
tumors showed a higher prevalence of microsatellite irﬁsbility (MSI)-high status and a

lower prevalence of CpG island methylator phenotype-high status and BRAF mutations
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in most subregions. The prevalence of KRAS mutation was higher in the cecum
compared with the other carcinoma sites in both early- and late-CRCs. Of note, MSI-
high late-CRCs showed a continuous decrease in the prevalence of KRAS mutations
from rectal to anion followed by an increase in the cecum, whereas MSI-high early-
CRCs showed no such trend/*’l. These findings support the biogeographic and
pathogenetic heterogeneity of colon carcinomas in its various parts.

In conclusion, there is a need to identify critical biomarkers with the aim of early
diagnosis and improvement of effective therapeutic strategies. In addition, the
understanding of dysregulated pathways such as PI3K/Akt, Notch, and Wnt related to
the progression and metastasis of CRC will contribute decisively to the design of a more

effective treatment regimen!®l.

In early-PC: Emerging evidence suggests that early-PC exhibits a distinct genetic
substrate and that tumor biology is distinct from that of late-PC. However, the role of
genetic factors in the development of early-PC needs further investigation as the studies
were conducted in a small number of patients and the conclusions are relatively
ambiguous.

Existing data support that early-PC patients display distinct genomic features
involving several tumor suppressor and oncogenic genes, including SMAD4, RAS wild
type, CDKN2A BRCA1, BRCA2, and FOXC2 suggesting that early-PC is a dynamic
evolving entity. Furthermore, the high incidence of pathogenic germline variants
appears to be involved in the etiology of early-PC. The association with gender found in
many studies also suggests the involvement of genetic or socio-environmental factors in
the development of LOPCP!. Additional PI3KCA mutations are more frequently
observed in early-PC compared to LOPC. However, KRAS mutations are relatively rare
in early-PC. Therefore, it appears that the adverse outcomes noted in the treatment of
early-PC are related both to the more advanced stage of the tumor at diagnosis and to

the particular biology of the tumorl52l.
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Between 2008 and 2018, 450 patients with early-PC were diagnosed at_Memorial
Sloan Kettering, of which 132 (29.3%) underwent somatic testing. Of these, 15.9% had
RAS wild-type cancers with actionable alterations including ETV6-NTRK3, TPR-
NTRK1, SCA5-NRG1 and ATP1B1-NRG1 fusions, IDH1 R132C mutation, and mismatch
repair deficiency. A total of 30.7% of patients underwent germline testing, with 31.9% of
them showing pathogenic germline variants and 27.5% showing changes in cancer
susceptibility genes. Interestingly, patients with a pathogenic germline variant had
reduced mortality compared to patients without a pathogenic germline variant. It
appears that pathogenic germline variants are present in a predictable proportion of
patients with early-PCI53.  All these observations support recent guidelines
recommending universal germline testing and somatic profiling in PC patients.

In the study by Nodari et all®l, 912 early-PC cases and 10222 control cases were
analyzed. The associations between polygenic risk score, smoking, alcohol
consumption, type 2 diabetes, and the risk of PC were assessed. The researchers found
that the polygenic risk score, smoking, and diabetes mellitus adversely affected the risk
of developing early-PC. In this study, no new genetic variants were found to be
associated with the development of early-PC, but they found that smoking and diabetes
mellitus plays an important role in the carcinogenesis of early-PCI>.

The GNA15 gene is known to be expressed in human pancreatic ductal
adenocarcinoma cancer cells. The encoded Gal5 protein redirects GPCR signaling to
pathways with oncogenic potential. Innamorati et all®>! detected the expression and
distribution of this protein in preneoplastic lesions of the pancreas. They found that
only increased expression of GNA15 and not any other GNA gene was associated with
poor prognosis. The de novo expression of wild-type GNA15 characterizes the mutant
pancreatic cells, an expression that persists throughout the progression of the carcinoma
and is associated with a poor prognosis. Ectopic Gal5 signaling constitutes a different
mechanism activated in the early stages of pancreatic carcinogenesis.

The prevalence of mismatch repair deficiency (a hallmark of Lynch syndrome) in

early-onset carcinomas of the pancreas, duodenum, and ampulla of Vater, as well as the
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underlying molecular mechanisms, were retrospectively investigated in 90 cases of
early-onset pancreatic, duodenal, and ampulla of Vater carcinomas. It was found that
all cases of mismatch repair deficiency were observed in patients with Lynch
syndromel%l. The agreement of mismatch repair deficiency with the underlying
hereditary condition justifies the application of detecting its presence in all cases of
early pancreatic and duodenal cancer.

Castet et all57] retrospectively analyzed the clinical and genomic characteristics of 139
patients with early-PC compared with a group of 197 late-PC patients. The early-PC
group had a lower rate of diabetes mellitus at diagnosis, better performance status,
higher carbohydrate antigen 19-9 and serum albumin levels. In the multivariate
analysis, no differences were observed in the overall survival rate. Age was associated
with an increased incidence of KRASMUT. The group of patients with early-PC showed
longer progression-free survival and overall survival, as well as better results regarding
metastases. The future now concerns precision oncology-based approaches.

Concerning the Arab world, factors considered responsible for changes in the
epidemiology of cancer seem to be partly related to the increase in the life expectancy of
citizens and also to the adoption of a Western way of living. The modernization of life
caused significant changes in the way of life of the Arab people. Even the increasing
incidence of obesity, lack of physical exercise, and stressful stimuli may contribute to
the increasing incidence of malignancies. The increase in migration flows could
theoretically contribute to the appearance of these changes, but no relevant data are
available. On the other hand, the lower rates of smoking, alcohol consumption, and
genetic predisposition compared to Western countries seem to be protective prognostic
factors. Low levels of medical services and late diagnosis are responsible for low
survival intervention. Social perceptions of health issues being largely incorrect result in
a low level of public consent for cancer screening. Especially for CRC, population
screening is particularly low because it is not accepted by local communities due to
religious and cultural barriers and a high rate of mistrust regarding the effectiveness of

screening. This as mentioned above interprets the advanced stage of CRC at diagnosis
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which implies an unfavorable outcomel*!. Some countries, such as Qatar, have begun to
implement national healthcare transformation programs with proposals that might be
adopted by other Middle Eastern countries. According to Brown et all>?), the countries of
the Gulf region (Iran, Iragq, Kuwait, Saudi Arabia, Bahrain, Qatar, UAE, and Oman)
should make a significant effort towards reforming their health system to provide the
population with frontline cancer research and care. Large clinical trials should be
encouraged to further clarify the effect of religious fasting and type of diet in Middle

Eastern countries, as well as to identify hereditary cancer genes in the Arab population.

PREVENTION AND TREATMENT OF THE EARLY-ONSET OF GI CANCERS
CRC

The actions that have been adopted in most countries regarding the prevention of early-
CRC concern the education and enlightenment of the normal population regarding the
magnitude of this threat to public health, through lectures, informative broadcasts via
public and private mass media as well as organization and execution of preventive
control programs with the cooperation of state and private agencies. This information
should also include health workers, especially primary care physicians. The education
will concern not only the factors predisposing to the appearance of the disease but also
the seeking of medical attention as soon as symptoms or signs of the disease appear.
Public awareness about the role of colonoscopy as a preventive method, especially
among people belonging to high-risk groups, is necessary. The detection of fecal
hemoglobin with the immunochemical test is almost equally effective in identifying
benign and malignant lesions of the colon. People with a family history of CRC or
certain genetic conditions may benefit from genetic counseling and genetic testing to
assess risk and determine appropriate screening measures. Furthermore, the
importance of taking a family history to identify cases of non-polyposis CRC syndrome
should not be underestimated. The genetic control of the members of these families is
necessary. In the future, the identification of a specific genetic profile could contribute

significantly to the improvement of risk stratificationl¢l. This could in the future help
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implement a more personalized screening strategy by allocating resources directed at
addressing the emerging threat of early-CRC. Finally, current endoscopic techniques for
submucosal resection have been applied in the treatment of early-CRC. The indications,
advantages, and risks of applying these endoscopic methods are beyond the scope of
this editorial. In general, the treatment of early-CRC does not differ from that of CRC

occurring in older age.

GC
Primary prevention of GC is achieved by adopting measures aiming to avoid the
known risk factors for the development of carcinoma. The development of vaccines
against Helicobacter pylori (H. pylori) represents a prospect. Other factors including
chemopreventive agents (e.g., vitamins) do not appear to offer significant help.
Screening for H. pylori infection in the asymptomatic population is not recommended.
egarding the effects of H. pylori eradication, the results of a recent meta-analysis of
seven randomized controlled trials showed that among 4206 subjects who received
eradication therapy, 1.6% developed GC, compared with 3% of 4117 subjects who
received placebo or no treatment. According to the authors’ calculations, the
implementation of screening and subsequent treatment of H. pylori-positive individuals
would result in a gain of 8.8 million disability-adjusted life-years globallyl®!l. Dietary
recommendations to avoid foods that favor the appearance of GC should be
implemented from a young age. Vitamin C found in vegetables and fruits, is associated
with a reduced risk of GC.

The most effective way of early-GC detection is the endoscopic monitoring at regular
intervals of patients with precancerous conditions of the upper digestive tract by taking
multiple biopsies. More effective targeted biopsies can be obtained by applying the new
advanced endoscopic techniques with high-resolution endoscopes. For the diagnosis of
early-GC, the help provided by current tests such as photofluorography is important.

Screening-indicated GC cases have a better five-year survival compared to cases
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diagnosed based only on the existence of symptoms. In Japan, preventive endoscopic
screening reduces GC mortality by 30%!52].

For the detection of early-GC, new molecular markers related to DNA and RNA, are
continuously emerging and applied. These markers can help in improving prognosis,
estimating the oncological burden, predicting the emergence of resistance to treatment,
and estimating the degree of residual disease. In the initial stages, the so-called
epigenetic alterations such as pathological DNA methylation, and histone
modifications, which do not involve permanena:hanges in the DNA sequence, appear
very often, representing key elements of GC development and evolution. The most
well-studied epigenetic alterations are aberrant DNA methylation, histone
modifications, and dysregulated expression of non-coding RNAs/®l. Surgical mini-
invasive approaches are applied to patients with early-GC in whom endoscopic
submuscular dissection (ESD) application is impossiblel®4].

Regarding the diffuse GC type, it is known that 25%-30% of affected families meet the
criteria for the presence of hereditary diffuse GC germline mutations of the CDH1 (E-
cadherin) gene. The recently revised recommendations include broadening the criteria
for performing the mutation detection test. Based on these recommendations, mutation-
positive individuals should undergo total gastrectomy. However, regular endoscopic
surveillance is recommended for patients who do not wish to undergo gastrectomy.

For the treatment of early-GC, ESD is the gold standard for patients having a low risk
of lymph node metastases. The application of endoscopic mucosal resection or ESD
depends on the possibility of lymph node metastases as well as the possibility of
achieving radical endoscopic resection of the tumor. Intramucosal adenocarcinomas
(pT1a) have a 2%-5% chance of lymph node metastases while submucosally invasive
adenocarcinomas (pT1b) have a 10%-25% chancel¢l. Surgical mini-invasive approaches
are applied to patients with early-GC in whom ESD application is impossible or not
indicated. Furthermore, H. pylori-positive patients who have undergone ESD should be

submitted to eradication therapy to avoid the risk of late-GClé¢l.
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In conclusion, screening programs for early-GC should be applied only in high-risk
countries, although lifestyle changes and the ever-increasing exposure to risk factors as
mentioned above may make population screening necessary also in medium-risk
countries as well. Knowledge and adequate understanding by the gastroenterologists of
the data and significance of gastric precancerous conditions will also help to understand
the implications of secondary screening in these patients. Although the data concerning
the application of biomarkers are insufficient, they represent an exciting and promising

future research field.

IMPLICATIONS IN RESEARCH AND CLINICAL PRACTICE

The implications of the epidemiologic data described could be related to programs and
strategies to promote screening of large population groups. This promotion of screening
strategies can increase the incidence of early cancer detection. For example, increasing
the screening rate of 40- and 49-year-old women for cervical cancer, as well as
recommending screening for breast cancer every 1-2 years, may increase the number of
early cancersl?. The shift of CRC to younger ages is expected to affect the age of
initiation of CRC screening as well. Existing data support the recommendation for
earlier initial diagnostic colonoscopy for CRC. This is supported by data from a recent
meta-analysis that investigated the rate of CRC detection using immunohistochemical
testing in individuals aged 40-49 years. Ten studies were included, in which 664159
tests were performed. Test positivity rates were 4.9% and 7.3% for the younger and
average risk groups, respectively. The detection rate of colon neoplasia with the
immunohistochemical test was considered acceptablel©7].

To better understand the underlying mechanism and define the relationships
between environmental factors and the development of early-CRC, long-term
prospective studies with lifestyle datadrom childhood and the time limit for data
collection are needed!®]. Furthermore, progress against CRC could be accelerated by

unraveling the etiology of the increasing incidence in generations born since 1950 and
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increasing access to high-quality screening and treatment among all populations,
particularly Native Americans/22l.

Finally, the burden of early-CRC incidence in China and other G20 countries is
alarming, indicating that concerted efforts are needed to conduct high-quality research,
allocate medical resources, adapt screening guidelines, and develop effective treatment

and prevention strategies in the group of G20 countries.

FUTURE CHALLENGES AND DIRECTION

The data described raise problems and challenges that should be addressed in the near
future. A future goal should be to significantly reduce the treatment-related morbidity
of the underlying carcinoma, as well as prevent the occurrence of psychosocial
sequelae. Epidemiological studies should be conducted with an emphasis on the
investigation of aetiological mechanisms and the development of prevention and early
diagnosis mechanisms. These studies should be based on large numbers of patients
through dedicated biobanking and data collection technologies. It is also necessary to
conduct prospective clinical studies on a large number of patients to investigate the
factors involved in carcinogenesis processes, as well as interdisciplinary research
approaches, including environmental sciences and various technologies. Regarding
early-EAC, future studies should focus on age-related differences in survival as well as
why esophageal adenocarcinoma in young people presents at a more advanced stage.
Future early-PC-related studies should seek to clarify whether the differences
observed between races and ethnicities (e.g., in the United States population) are due to
specific characteristics of PC, different biomarkers, or other sociodemographic factors.
The awareness of the public and of doctors to the varjgus parameters of the
phenomenon of cancer moving to younger ages is necessary. Whether early screening
and prevention programs for early-onset cancer should be expanded to include people
aged 40-44 and 45-49 years is worth investigating. Finally, encouraging people to adopt

healthier lifestyles, including healthy eating, limiting tobacco and alcohol consumption,
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and appropriate outdoor activity are factors that will help reduce the number of new

cancer patients.

CRC future direction

During the last years, several studies confirmed the fact that several environmental
factors including lack of physical exercise, obesity, high intake of processed
carbohydrates, and adoption of the so-called “Western diet” are responsible, among
others, for the increase in the early-CRC incidence. Because cancer is a long-term,
multistage process, it is understandable that these factors have an impact from the first
years of a person’s life, and therefore informing the public about the risks of these
habits should be the main task of the authorities of each country. In addition, changes in
the intestinal microflora that occur already from early life (e.g., delivery method,
mother’s eating habits) result in the appearance of dysbiosis which participates in the
processes of carcinogenesisl®l. In the future, an effort should be made to modify the
intestinal microbiome long-term through probiotics or other drugs, a process that may
contribute to reducing the occurrence of early-CRC. Also, a greater effort should be
made to improve public compliance with the screening procedures and programs for
the asymptomatic population, which should be started earlier than the existing

recommendations/70l.

GC future direction

Regarding GC, despite the enormous advances made in understanding the mechanisms
by which H. pylori infection promotes gastrointestinal carcinogenesis by affecting
immune responses, as well as the physiology and histology of the stomach and colon, a
full understanding of the mechanisms involved in the various stages of gastric
carcinogenesis, has not yet been adequately achieved. Elucidation and understanding of
the sequence of genetic and epigenetic events leading to the appearance of precancerous
lesions and later-GC remains incompletely understood. Furthermore, H. pylori infection

is known to be associated with the appearance of distinct microbial population
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structures in the digestive tract that contribute to the pathogenesis of GC7!l. These data
could contribute to the development of new preventive and therapeutic strategies for
GC through modification of the gastric and colon microbiota as well as the immune
system. Better and more efficient identification of biomarkers will enable further
improvement of the existing screening strategies for GC. It is possible that prevention
and treatment strategies could become personalized if interactions between
environmental factors (e.g., nutrition, microbiome) and genetic factors could be studied

in depth.

CONCLUSION

According to the prevailing opinion, there is a real increase in the shift in the
appearance of many neoplasms of the digestive and other systems to younger ages. It is
possible that the adoption and use of screening programs by a large part of the
asymptomatic population contributed to this epidemiological change. The existing data
also support the assumption that a number of environmental factors may play a
primary role in influencing carcinogenesis from childhood. Changes that have appeared
in the last decades related mainly to eating habits, consistency of gut microbiome and
increase of obese people, interacting with genetic factors ultimately favor the process of
carcinogenesis. Even these factors, however, are not sufficient to explain the age-related
changes in the frequency of digestive neoplasms. Patients with early digestive tract

cancer face unique challenges and unmet needs.
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