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Abstract

Background: Colorectal cancer (CRC) represents one of the leading causes of cancer-related
morbidity and mortality globally. Although national screening programs in Europe and
the United States have demonstrated success in reducing incidence and death rates among
populations aged 50 and above, a concerning increase in early-onset colorectal cancer
(EOCRC), defined as diagnosis before age 50, has emerged. Methods: This paper is a
narrative literature review comparing American and European CRC screening guidelines.
A comprehensive search was conducted using the PubMed database with emphasis on
publications from the past ten years. Results: The United States has adapted more swiftly to
EOCRC trends by lowering the recommended screening age to 45, supported by modeling
studies showing life-years gained and improved cost-effectiveness. In contrast, European
programs remain largely organized and cost-efficient but predominantly initiate screening
at age 50, potentially missing high-risk younger adults. EOCRC appears to demonstrate
unique molecular and pathological features compared to late-onset CRC. Participation
and adherence to screening also vary significantly between regions and modalities, with
colonoscopy remaining the gold standard but less scalable than fecal immunochemical
tests. Conclusions: The rising incidence of EOCRC calls for a reassessment of CRC
screening policies. While the European model emphasizes equity and structure, its slower
responsiveness to epidemiological changes may lead to late detection in younger cohorts.
The American model’s earlier screening age addresses emerging trends but faces challenges
in implementation equity. A hybrid approach may provide the optimal management,
balancing public health benefit with system sustainability.

Keywords: colorectal cancer; early-onset colorectal cancer; cancer screening guidelines

1. Introduction

Colorectal cancer (CRC) remains a significant global public health concern. It is the
third most commonly diagnosed malignancy in males, following prostate and lung cancer,
and ranks also third in females, after breast and lung cancers [1]. In Europe, approximately
290,000 males and 240,000 females were diagnosed in 2022, and the statistics estimate that
the incidence will rise by 34% and 24.5% respectively [1]. Furthermore, despite notable
advancements in therapeutic strategies, CRC continues to account for approximately 10% of
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all cancer-related mortality worldwide [1]. In North America, the incidence of CRC in 2022
was considerably lower, with approximately 97,000 cases in males and 86,000 in females.
The implementation of national screening programs, alongside increased colonoscopy rates
and improvements in diet and lifestyle, has contributed to a stabilization or even decline in
incidence in many developed nations [2]. However, studies conducted in recent years have
reported an increasing incidence of CRC among individuals under the age of 50—defined
as early-onset CRC (EOCRC)—a population that, until recently, had not been included in
screening programs for this malignancy [3,4]. Moreover, the number of EOCRC cases is
increasing in both low- and high-income countries [5]. While the underlying causes of this
trend remain unclear, several factors are being considered, including genetic predisposition,
lifestyle behaviors, obesity, and environmental exposures [5].

Numerous risk factors were found to be associated with CRC and they can be broadly
categorized as modifiable and non-modifiable [6]. Tobacco use, alcohol consumption,
obesity, a diet rich in saturated fatty acids and deficient in fruits and vegetables, sedentary
behavior, diabetes and gut microbiota constitute important modifiable risk factors [6,7].
Among the non-modifiable risk factors are ethnicity, male sex, advanced age, a range of
hereditary mutations, inflammatory bowel diseases, cystic fibrosis, acromegaly, history of
cholecystectomy, and exposure to androgenic therapies [6].

By 2002, a financial analysis of the US Preventive Service Task Force demonstrated
that CRC screening was considered cost-effective compared to no screening; however, no
single primary strategy was identified as superior [8]. The standardized effort to implement
CRC screening in Europe began in 2003, when the Council of the European Union issued
its first recommendation for population-based screening, alongside programs for breast
and cervical cancer [9]. Although countries like Germany and the Czech Republic had
already initiated their own screening efforts prior to this, the 2003 recommendation marked
a pivotal moment in promoting CRC screening across the entire European region [10].
By 2016, 22 of 28 EU member states had implemented organized, population-based CRC
screening programs, signaling the effort to combat the high mortality of CRC complica-
tions [11]. Efforts to launch CRC screening programs continue into 2025, as demonstrated
by Romania’s ROCCAS 3 pilot study, which is funded by the European Union [12].

As of 2025, the European Commission recommends initiating CRC screening at age 50
and continuing until age 75, based on epidemiological evidence, risk-benefit evaluations,
and cost-effectiveness analyses [13]. However, increasing attention has been directed
toward EOCRC, following numerous studies reporting a rising incidence in individuals
under the age of 50, largely attributed to lifestyle and dietary changes [4,5,14,15]. In
response to this trend, the American Cancer Society revised its guidelines in 2018 to lower
the recommended screening initiation age to 45 years, aiming to mitigate the rising burden
of EOCRC [14].

The primary objective of our study is to evaluate the effectiveness of the American
CRC screening programs in comparison to the European guidelines and to provide recom-
mendations in light of the alarming increase in EOCRC incidence.

2. Results
2.1. Early-Onset Colorectal Cancer (EOCRC)

In recent decades, there has been ongoing debate among experts regarding whether
EOCRC constitutes a distinct biological subtype of CRC or merely represents the same
malignancy manifesting at a younger age [15-20]. Approximately 20% of EOCRC cases
exhibit microsatellite instability (MSI), a molecular hallmark commonly associated with
hereditary nonpolyposis colorectal cancer (HNPCC), comparable to the 10-15% prevalence
reported in sporadic CRC overall [17-21]. However, the underlying mechanisms of MSI
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appear to differ by age group: in late-onset CRC (LOCRC), MSI typically results from MLH1
gene silencing through promoter hypermethylation—an acquired and non-inheritable event
observed in up to 75% of cases [19]. Conversely, in younger patients, MSI is more frequently
attributable to germline mutations linked to Lynch syndrome [19].

While MSI-positive tumors are generally characterized by indolent behavior and
proximal colonic location, this classical pattern is not consistently observed in EOCRC [21].
Instead, EOCRC is more frequently associated with unfavorable histopathological features,
including poor differentiation, mucinous architecture, and the presence of signet ring
cells—traits commonly found in hereditary CRC syndromes [22]. Additionally, individuals
with EOCRC show an increased propensity for developing synchronous or metachronous
tumors and a higher incidence of polyp formation during surveillance colonoscopy [23]. As
previously noted, EOCRC tends to predominantly affect the distal colon and rectum [24].

The risk factors associated with EOCRC are largely similar to those identified in CRC
overall and include familial cancer syndromes, dietary patterns, chronic inflammatory
conditions, tobacco use, alcohol consumption, obesity, ethnicity, and physical inactiv-
ity [25]. Among these, obesity plays a particularly important role in CRC pathogenesis, as
it promotes chronic inflammation within visceral adipose tissue and contributes to insulin
resistance—both of which are known to enhance oxidative stress and pro-tumorigenic
pathways [26]. Consequently, regular physical activity is regarded as a protective factor in
the prevention of colon cancer, though its protective effect appears less pronounced in rectal
cancer [27]. Tobacco-related carcinogens may reach the colorectal epithelium either through
ingestion or via systemic circulation, potentially contributing to carcinogenesis by inducing
deoxyribonucleic acid (DNA) damage or disrupting the expression of key oncogenes and
tumor suppressor genes [28]. Epidemiological studies exploring the association between
cigarette smoking and CRC incidence have identified correlations with specific molecu-
lar subtypes, including microsatellite instability-high (MSI-high), CpG island methylator
phenotype-positive (CIMP-positive), and BRAF-mutated CRC [28]. These observations
suggest that epigenetic mechanisms may play a significant role in the pathogenesis of
smoking-related CRC [28].

EOCRC is frequently diagnosed at more advanced stages, a phenomenon largely
attributed to the absence of standardized screening programs for individuals under the age
of 50—except in cases with a known familial history of the disease [29]. Moreover, the pres-
ence of a distinct genetic profile, coupled with aggressive histopathological characteristics,
may contribute to the accelerated progression of the neoplasm [30]. The prognostic assess-
ment of CRC in patients under 50 years of age remains controversial. While some studies
suggest a poorer overall prognosis in this population, others report comparable five-year
survival rates to those observed in patients diagnosed after the age of 50, highlighting the
need for further research to clarify these discrepancies [31].

2.2. Advantages and Disadvantages of the Screening Programme

The burden of CRC among young adults is increasing at an alarming rate, with
a significant rise in diagnoses made at advanced or metastatic stages [32]. This trend
cannot be solely attributed to detection bias, as multiple studies have demonstrated a
disproportionate increase in advanced-stage EOCRC relative to localized disease [33]. The
determinants of disease susceptibility appear to have evolved over time, as evidenced by
the rising incidence of CRC among white adults aged 50 to 54 years since 2005—an age
group traditionally eligible for screening—thereby reversing a long-standing decline. This
shift is largely attributed to a pronounced birth cohort effect, beginning with individuals
born in the 1950s, who, along with subsequent generations, are anticipated to experience
elevated CRC risk as they age [34].
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Furthermore, mortality rates among young adults with CRC are on the rise, contrary
to expectations based on improved screening and early detection initiatives [35]. Notably,
the median overall survival for patients with EOCRC remains lower than that of their older
counterparts [35]. Importantly, findings by Chen et al. indicate that late-stage presentation
in EOCRC is not associated with delays in symptom onset or diagnosis, underscoring the
potential benefit of initiating screening protocols at earlier ages to improve prognosis in
younger populations [36].

Historically, individuals aged 50-55 years were considered to be at a higher risk of CRC
compared to those aged 45-49 [37]. However, the screening uptake in the older age group
is nearly double that observed in the younger cohort, prompting the hypothesis that the
actual risk between these two age groups may be more similar than previously believed [37].
Additionally, the rate of increase in CRC incidence among younger generations is nearly
twice that observed in older populations, reinforcing growing concerns regarding the rising
prevalence of EOCRC [38].

Clinical trials have demonstrated that a single negative sigmoidoscopy or colonoscopy
provides prolonged protection against CRC, with protective effects lasting up to 17 and 20
years, respectively—currently the longest follow-up durations reported in the literature [39].
An analysis of the American Cancer Society’s CRC screening guidelines reveals a marked
shift in strategic focus [40]. The 2018 revision departed from a narrow emphasis on
mortality reduction and instead adopted a broader objective: to reduce the overall incidence
of CRC and improve long-term quality of life through earlier detection and preventive
interventions [40].

Despite the potential advantages of initiating CRC screening at the age of 45, patient
compliance remains a critical determinant of program effectiveness. Data from both
European countries and the United States indicate screening adherence rates between 40%
and 60%, while compliance with follow-up recommendations following diagnosis reaches
approximately 80% [41-43]. Predictive modeling conducted by Chen et al. demonstrated
that suboptimal patient adherence may substantially diminish the anticipated reductions
in CRC-related mortality and the survival benefits associated with earlier detection [44].

It is important to note that these predictive models are based exclusively on patient
age, without incorporating additional variables such as sex, family history, dietary patterns,
obesity, or smoking status [45]. This limitation highlights the need for further research to
evaluate the true benefit of earlier screening when accounting for a broader range of risk
factors. The overall efficacy of a screening program is heavily dependent on participation
rates, which should ideally exceed 80%—a threshold that is often difficult to achieve in
real-world settings [46].

Expanding screening to individuals under 50 years of age raises additional concerns,
including the potential diversion of resources and clinical attention from older, higher-risk
populations to a demographic with comparatively lower absolute risk. Furthermore, the
economic burden associated with CRC screening and treatment is considerable. In the
United States, the cost per CRC case can exceed $100,000, while across Europe, the total
economic impact—including direct medical costs and indirect societal costs—is estimated
to surpass €13 billion annually [47,48].

A critical issue in the formulation of CRC screening guidelines is the quality and type of
evidence upon which recommendations are based. Ideally, guidelines should be informed
by robust data derived from well-designed, reproducible randomized controlled trials
(RCTs), which represent the highest standard of clinical evidence [49]. In practice, however,
the absence of such data often necessitates reliance on simulation models. While these
models are valuable tools, their predictive accuracy is inherently limited by underlying
assumptions and projections.
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Nevertheless, in the context of limited long-term outcome data for various screening
modalities, simulation-based studies remain essential for evaluating the comparative effec-
tiveness of different strategies [50]. Notably, earlier versions of the U.S. Preventive Services
Task Force (USPSTF) guidelines have also incorporated modeling analyses, particularly
those developed by the Cancer Intervention and Surveillance Modeling Network (CISNET).

2.3. Techniques Used for Screening

A broad array of methods is available for the early detection of CRC, each balancing
diagnostic accuracy, invasiveness, cost-efficiency, and patient compliance. International
guidelines tailor their recommendations based on population risk, test performance, and
healthcare infrastructure.

Colonoscopy remains the gold standard for CRC screening in both the United States
and Europe, providing the highest sensitivity (approximately 95%) and the distinct ad-
vantage of enabling immediate biopsy or polypectomy during the same procedure. It is
typically recommended every 10 years for average-risk individuals, starting at age 45 in
the United States and at age 50 in most European countries. However, its invasive nature,
the requirement for bowel preparation and sedation, as well as its cost (exceeding $2000
per procedure in the U.S.), pose significant limitations to its scalability in population-wide
screening programs [51,52].

As a non-invasive alternative, the fecal immunochemical test (FIT) has emerged as
the primary screening modality in most European countries. FIT detects occult blood
in stool and has largely replaced the older guaiac-based fecal occult blood test (gFOBT)
due to its superior sensitivity (approximately 79% for CRC and 30-35% for advanced
adenomas), high specificity (94%), and the absence of dietary restrictions [53-55]. Its low
cost (approximately $50) and ease of use make it particularly suitable for annual or biennial
population-based screening programs, enhancing participation rates and offering greater
cost-effectiveness—as measured by quality-adjusted life years (QALYs) gained—compared
to colonoscopy [53-55].

Multitarget stool DNA (mt-sDNA) tests combine the FIT with molecular biomarkers—
such as KRAS mutations and methylated BMP3/NDRG4—to improve detection rates.
These assays demonstrate high sensitivity for CRC (approximately 92%) and moderate sen-
sitivity for advanced adenomas (42—46%), albeit with slightly reduced specificity (87-89%)
and substantially higher costs (approximately $600), factors that hinder their widespread
implementation in large-scale screening programs [56-58]. Recommended at three-year
intervals, mt-sDNA testing is included in the U.S. Preventive Services Task Force (USPSTF)
guidelines; however, its adoption remains limited due to inconsistent insurance coverage
and concerns regarding affordability.

Computed tomography (CT) colonography, also known as virtual colonoscopy, pro-
vides non-invasive imaging of the entire colon and is recommended at five-year intervals
according to U.S. screening guidelines. This method demonstrates high sensitivity (over
90%) for detecting larger lesions (=6 mm), including both CRC and advanced polyps. How-
ever, it does not allow for biopsy or polypectomy, often requiring a subsequent conventional
colonoscopy when abnormalities are identified. In Europe, the adoption of CT colonography
remains limited, largely due to resource constraints and reduced diagnostic accuracy for
smaller or flat lesions, for which sensitivity is estimated at approximately 70% [59].

Flexible sigmoidoscopy represents a less invasive and more resource-efficient alter-
native for examining the distal colon and is recommended at intervals of 5 to 10 years.
Although still employed in certain European regions, its major limitation lies in the inability
to visualize and detect lesions located in the proximal (right-sided) colon, thereby reducing
its overall sensitivity for comprehensive CRC screening [60].
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Emerging screening modalities—such as capsule endoscopy and blood-based biomarker
assays (e.g., Septin 9)—offer increased convenience but have yet to demonstrate the sensi-
tivity and specificity required for widespread clinical implementation. Capsule endoscopy
exhibits sensitivity rates of up to 88% for polyps > 6 mm; however, it demonstrates limited
ability to detect serrated lesions and remains costly and largely inaccessible for routine
population-based screening [61,62]. Similarly, the Septin 9 blood test has shown modest
sensitivity for CRC (approximately 69%) and poor diagnostic performance for detecting
adenomas, thereby limiting its utility as a primary screening tool [52].

In summary, effective CRC screening requires the selection of appropriate modali-
ties based on healthcare infrastructure, resource availability, and patient-specific factors
(Table 1). Although colonoscopy remains the most comprehensive tool for both diagno-
sis and intervention, the fecal immunochemical test (FIT) continues to be the preferred
method in many European population-based programs due to its cost-effectiveness and
ease of implementation. In contrast, the U.S. screening framework includes a wider array
of options—such as multitarget stool DNA (mt-sDNA) testing and CT colonography—but
faces ongoing challenges related to adherence, uniformity, and equitable access, partic-
ularly among younger individuals. Ultimately, selecting the optimal screening strategy
necessitates a careful balance between diagnostic performance, economic sustainability, and
accessibility to ensure timely detection and reduce CRC-related morbidity and mortality.
The comparative evaluation of CRC screening methods is presented in Table 1 and Figure 1.

Table 1. Comparison between potential screening methods for CRC * [63-67]. (* All prices listed in
the table reflect estimates based on costs in the United States. Actual costs may vary in other countries
depending on healthcare systems, insurance coverage, and local pricing policies).
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Technique Se(né;{tglty (Advanced Specificity  Interval Estématt ed Recon}bmended Advantages Limitations
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Colonoscopy ~95% ~88-95% ~86-89% Every 10 $2000+ USPST.F’ A.CS’ therapeutic costly, requires
years us) EU Guidelines s .
capability sedation
. Non-invasive, Lower
Annual or Low EU primary cost-effective sensitivity for
FIT ~79% ~30-35% ~94% . K method, also . ’
biennial (~$50) high adenomas, no
USPSTF .
compliance therapy
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gFOBT ~60-65% ~20-25% ~90% Annual programs, # - !
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o Imaging-
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exposure
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Capsule ~88% . Under invasive, full detection,
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Py poyp lesions Y
visualization access
Septin 9 FDA- Easiest to Low adenoma
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Comparison of CRC Screening Methods
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Figure 1. Comparison of CRC screening methods.

2.4. Screening in Europe

CRC screening in Europe is primarily guided by the European Commission’s rec-
ommendation to initiate screening at age 50 and continue until ages 74-75, employing
the fecal immunochemical test (FIT) as the principal method or colonoscopy as the most
comprehensive diagnostic tool. In countries such as the Netherlands, Slovenia, and the
Basque Country (Spain), organized national screening programs have achieved participa-
tion rates exceeding 60%, which have been associated with significant reductions in both
CRC incidence and mortality [68].

Nonetheless, the implementation of CRC screening remains heterogeneous across the
continent. While many Western European countries have established robust, population-
based programs, several Eastern European nations either lack organized screening alto-
gether or remain in pilot phases, with participation rates as low as 14% in some regions [69].
These disparities contribute to marked differences in CRC-related outcomes and mortality
between regions.

An emerging concern is the increasing incidence of EOCRC. Recent epidemiological
data suggest that this trend is not confined to North America; countries such as Germany
and France have also reported annual increases in EOCRC among younger adults [70]. A
2019 study by Cardoso et al. highlighted that current age-based screening thresholds may
overlook a substantial proportion of younger individuals who could benefit from early
detection, particularly in the context of evolving lifestyle and dietary risk factors [71].

Moreover, simulation-based health economic evaluations indicate that lowering the
screening initiation age to 45 may be both clinically advantageous and cost-effective. A
2024 modeling study conducted in Germany assessed the impact of including individuals
aged 4549 in the national CRC screening program and reported a notable decrease in
incidence rates, alongside improvements in cost-efficiency metrics compared to existing
standards [72].

Given the growing burden of EOCRC and the shifting epidemiological landscape, a
reevaluation of the current European guidelines to consider earlier screening initiation may
represent a critical step toward reducing CRC-related morbidity and mortality.

2.5. Screening in America

In the United States, CRC screening is primarily opportunistic but notably diversified,
offering multiple screening modalities to individuals beginning at age 45 for those at
average risk. Since 2018, the American Cancer Society (ACS) has recommended initiating
screening at age 45—a position subsequently endorsed by the U.S. Preventive Services Task
Force (USPSTF) in 2021 through a Grade B recommendation for average-risk adults [73].
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Despite these updated guidelines and mandated insurance coverage, screening uptake
among individuals aged 45—49 remains suboptimal. As of 2021, only 20% of individuals in
this age group were up to date with CRC screening; stool-based tests were markedly un-
derutilized (2.4%), while colonoscopy accounted for the majority of screenings (17.8%) [74].
Furthermore, disparities in screening uptake persist across socioeconomic and racial/ethnic
groups, with particularly low participation rates observed among uninsured individuals
and certain minority populations [75]. Modeling studies suggest that lowering the screen-
ing initiation age increases the demand for colonoscopies—by approximately 810 additional
procedures per 1000 individuals screened—but may yield moderate to substantial net gains
in life-years saved and long-term cost reductions by facilitating earlier cancer detection and
reducing the burden of late-stage treatment [75].

Overall, the U.S. screening model emphasizes early detection through a wide range
of available modalities. However, its effectiveness remains limited by persistent in-
equities in implementation and inconsistent engagement, particularly among newly eligible
younger adults.

2.6. Comparative Analysis: Europe vs. America

The key distinction between Europe and the United States in CRC screening lies in
the coordination of strategies and responsiveness to emerging epidemiological trends.
European countries prioritize structured, population-based programs designed to ensure
standardized access and cost-effectiveness, but these systems have been comparatively
slower to adapt to the increasing incidence of EOCRC. In contrast, the U.S. has adopted a
more flexible and adaptive approach, lowering the recommended screening age to 45 in
response to shifting epidemiological data. However, this model continues to face challenges
in maintaining consistent participation, particularly among newly eligible younger adults.

This divergence highlights deeper systemic differences: while the European model
promotes equity, scalability, and organized outreach, it may lack the agility to promptly
adjust to evolving trends. Conversely, the U.S. system allows for rapid policy changes
but remains vulnerable to disparities in healthcare access. Notably, the earlier screening
threshold implemented in the U.S. is increasingly supported by growing evidence of rising
EOCRC incidence, suggesting that a similar approach could be considered in Europe,
especially in countries with well-developed healthcare infrastructure capable of accommo-
dating broader age-based screening criteria without undermining program integrity. Key
comparative aspects are summarized in Table 2.

Table 2. Comparison between Europe and United States regarding CRC screening.

Aspect Europe United States
. Typically, 50 years 45 years (ACS since 2018;
Starting Age (EU guideline) USPSTF since 2021)
Upper Age Limit Around 74-75 years Typically 75 years
Opportunistic,

Screening Strategy

Organized,
population-based programs

provider-initiated with
patient choice of method

Multiple options:
. Colonoscopy, FIT, mt-sDNA
Primary Method FIT (Cologuard), CT
colonography, etc.
CoYe‘rage. & High in Western Europe, low Varies widely
Participation in Eastern Europe
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Table 2. Cont.

Aspect Europe United States
Generally equitable in Marked disparities by
Equity & Access countries with national race/ethnicity, insurance
programs status, and income
Response to EOCRC Slow, screening age remains Proactive, screening age
Trend >50 in most countries lowered to 45 based on
despite rising EOCRC epidemiological data
. . . . li fi
Cost-effectiveness Simulation studies support Modeling supports benefit
. . : . and cost-efficiency of
Considerations lowering screening age . .
screening starting at 45
Centralized, publicly funded, Decentralized,
Program Structure high participation in best insurance-driven, with
cases inconsistent uptake

3. Discussions

Effective screening must satisfy classical public health criteria, such as those defined by
Wilson and Jungner [76]. These criteria state that the disease should be common, detectable
in a preclinical phase, and that screening methods must be accurate, cost-effective, and
capable of improving clinical outcomes [76].

Screening is a well-established and extensively studied public health strategy that
originated in the 20th century in the United States, with the introduction of X-ray testing
for tuberculosis and serological testing for syphilis. These initiatives were soon followed by
screening programs for diabetes, cardiovascular diseases, and various cancers after World
War II [77,78].

Four foundational elements were identified as essential for the development of effec-
tive screening programs:

(1) the availability of reliable and valid diagnostic tests

(2) the introduction of effective treatments for screen-detectable diseases

(3) the development of key conceptual tools (e.g., sensitivity, specificity, predictive values)
(4) improved and expanded access to healthcare.

CRC meets these criteria through its high incidence, long asymptomatic phase, the
existence of detectable and treatable precursor lesions (e.g., adenomatous polyps), and
the strong association between earlier stage at diagnosis and improved survival. Con-
sequently, CRC screening has been described as a “gold standard” model for screening
evaluation [79,80].

Furthermore, CRC screening has been shown to be cost-effective, although the optimal
strategy continues to be debated [8]. Organized screening programs should incorporate
public education, quality assurance measures, and equitable access to diagnostic and
therapeutic services. Participation rates above 70% are considered essential to achieve a
meaningful population-level impact.

In Europe, current guidelines generally recommend initiating CRC screening at age
50 and continuing until around age 74-75 [81]. However, only a few countries have
reconsidered their age thresholds in light of the increasing incidence of EOCRC. Imple-
mentation remains heterogeneous across the continent: countries such as the Netherlands,
Slovenia, and the United Kingdom have established national FIT-based programs with
participation rates exceeding 60%. In contrast, many Eastern European countries still rely
on opportunistic or regional programs, with participation rates as low as 14% [5]. These
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disparities are largely attributable to differences in healthcare infrastructure, funding, and
the prioritization of preventive services.

The United States adopts a markedly different approach—screening is primarily
opportunistic, offers a broader range of screening modalities, and recommends initiation
at age 45 for average-risk individuals. Although more agile and responsive to shifting
epidemiological trends, the U.S. system faces persistent challenges in ensuring equitable
access across socioeconomic and racial/ethnic groups. European countries may benefit
from adopting similar flexibility regarding initiation age—particularly lowering it to 45—
while preserving the strengths of their organized, equity-focused programs.

It is also important to highlight the role of hereditary CRC syndromes, such as Lynch
syndrome, which require individualized screening strategies. European guidelines rec-
ommend colonoscopic surveillance every 1-2 years starting at age 25 for individuals with
MutL homolog 1 (MLH1) or MutS homolog 2 (MSH2) mutations, and at around age 35 for
those with MutS homolog 6 (MSHG6) or Postmeiotic Segregation Increased 2 (PMS2) muta-
tions [82]. The use of high-definition endoscopy or chromoendoscopy is advised to enhance
lesion detection [83,84]. These personalized approaches align with the broader trend to-
ward earlier and risk-adapted screening, serving as a model for precision prevention in
high-risk populations.

The latest findings from the literature provide additional depth to the ongoing debate
on optimal colorectal cancer screening strategies. Le et al. conducted a comprehensive
analysis of EOCRC in patients under 40 years and demonstrated that while most cases
are sporadic, almost 18% harbored germline mutations, over half of which were linked
to Lynch syndrome-associated genes. Moreover, somatic mutations were detected in the
vast majority of cases (94%), with TP53, APC, and KRAS being the most frequently altered
genes [85]. These results underline the role of genetic predisposition in a subgroup of
EOCRC patients and reinforce the scientific rationale for lowering the age of screening initi-
ation. In parallel, Malibary highlighted the Euro-Asian experience with colorectal cancer
screening, pointing to both the heterogeneity of regional guidelines and the rapid incorpo-
ration of novel diagnostic tools, such as blood-based biomarkers (e.g., methylated SEPT9),
multitarget stool DNA /RNA assays, and artificial intelligence-enhanced colonoscopy [86].
These innovations, combined with regional epidemiological data, stress the importance of
tailoring screening approaches to population risk profiles and available resources. Taken
together, these recent contributions complement our comparative analysis of European and
U.S. guidelines, strengthening the rationale for a hybrid screening model that integrates
genetic insights, emerging technologies, and context-specific strategies to maximize early
detection, public health benefit, and healthcare sustainability.

4. Materials and Methods

This paper is a descriptive, narrative review that explores CRC screening strategies in
both Europe and the United States, synthesizing evidence that may highlight the need for
adaptation in current screening practices. A comprehensive search of the medical literature
was conducted using the PubMed database for the period 20152025, targeting articles
published within the past decade. The search strategy employed a combination of relevant

7o 7o

keywords, including: “CRC screening,” “guidelines,” “early onset,” “late onset,” “Europe,”

7o

“United States,” “recommendations,” “age 45,” and “age 50" (Figure 2).

All retrieved articles were initially screened based on titles and abstracts to determine
relevance. Studies were eligible for full-text review if they met the following inclusion
criteria: availability in full text, publication in English, and classification as clinical practice
guidelines, meta-analyses, or systematic or narrative reviews addressing EOCRC, screening

modalities, or implementation strategies in Europe or the United States (Figure 2). Articles
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not aligned with these criteria were excluded (Figure 2). The selection and review processes
were carried out independently by the authors at all stages.

Search Strategy Flowchart

Database searched:
PubMed

v

Keywords:
“colorectal cancer screening”,
“guidelines”, “early onset”,
“Europe”, “United States”

v

Filters applied:
2015-2025, English,
Full-text, Guidelines,

Systematic/Narrative reviews

v

Articles identified:
n =420

v

Articles screened:
n =120

v

Articles included in review:
n =65

Figure 2. Search strategy flowchart.

5. Conclusions

The accelerating incidence of EOCRC across Western populations calls for a forward-
looking recalibration of screening paradigms. While recent U.S. policy shifts signal a
growing alignment between epidemiological evidence and clinical practice, European sys-
tems face a pivotal opportunity: to evolve from static models to more dynamic, risk-adapted
frameworks. Proactive strategies, such as integrating genetic risk profiling, lowering screen-
ing thresholds, and leveraging digital health tools for targeted outreach—could redefine
early detection. Particularly in nations with robust healthcare infrastructures, phased ex-
pansion of screening programs to younger cohorts may yield substantial long-term benefits.
Looking ahead, the challenge lies not in reaffirming current limitations but in designing
agile systems capable of anticipating and adapting to the burden of CRC.
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