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Background: Colorectal cancer (CRC) causes substantial morbidity and mortality internationally. In 
Hungary, the incidence and mortality of CRC are among the world’s highest. Fortunately, CRC is a highly 
preventable disease, since there is a long asymptomatic phase before neoplastic transformation. Numerous 
countries have instituted programs for CRC screening. However, Hungary did not implement population-
based screening programs until December 2018, consisting of a voluntary 2-step screening program based on 
the fecal immunochemical test (FIT) and if positive, referral to colonoscopy. Asymptomatic individuals aged 
over 50 years were invited to participate in the 2-step program. This study aims to analyze the results of these 
colonoscopies and raise public awareness of the CRC disease process and prevention, especially in Hungary.
Methods: Various literature sources were reviewed, and external information was gathered and consolidated 
based on CRC etiopathogenesis, management options, screening options, cost, benefits, modalities, and 
quality control. Semmelweis University Department of Internal Medicine and Hematology’s database was 
accessed for the cross-sectional study results of 168 screening colonoscopies within the 2-step program from 
2019 to 2020. I quantified and compared the results obtained during the colonoscopies with that of said 
literature within Hungary and worldwide.
Results: Colonoscopy was performed in 168 patients of average age 63.4 years. The incidence of CRCs 
in the population was 4.76%. Among the CRC cases, 75% were in the rectosigmoid area and 25% were 
in the remaining colon. The total adenoma detection rate (ADR) in the study was 57.1%, higher than the 
recommended 25% for adequate screening colonoscopy. The total number of resected polyps was 270; 8.1% 
were adenomas with high-grade dysplasia and 0.76% contained CRC. Out of the 185 resected adenomas, 
141 were tubular, 34 were tubulovillous, and 10 were villous. Adenoma localizations included 14.6% rectum, 
38.4% sigmoid, 11.9% descending colon, 8.6% transverse colon, 17.8% ascending colon, and 8.6% cecum. 
The average age of CRC patients was 63.9 years (range, 56–68 years) with a slight female predominance  
(5 females, 3 males). The ADR of the different endoscopists did not seem to correlate with experience. 
Optimal participation rate of the screening program would be >60%. Population outreach through mailed 
FIT is evidence-based and shown to increase CRC screening rates in underserved populations.
Conclusions: Hungary would benefit immensely in most aspects from mandatory, population-based 
CRC screening with this 2-step program. This alternative is proposed in lieu of 1-step screening, because 
of the limited capacity for colonoscopy in the country and the limited participation rates in the screened 
population. To reach maximum cost-benefit, the participation rate of the screened population must be >60%, 
with >80% of FIT positive test results being referred to colonoscopy. Consolidation and distribution of the 
screening program through population outreach will bring about substantial reductions in mortality from 
CRC. Further studies are warranted on the feasibility and sustainability of this 2-step program.
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Introduction

Background

According to GLOBOCAN 2020 data, colorectal cancer 
(CRC), among both sexes, was the third leading age-
standardized incident cancer in the world. CRC also was the 
fourth leading cause of cancer-related mortality standardized 
both to age and sex. Over time, the incidence of CRC has 
been steadily increasing, particularly in the developing 
nations adopting a westernized diet and culture (1).  
Hungary has been shown to have a strikingly high incidence 
and mortality for CRC, with an incidence of 45.3 per 
100,000 and a mortality of 20.2 per 100,000, compared 
to the international average of 19.5 per 100,000 and 7 per 
100,000, respectively.  

Rationale and knowledge gap

The high incidence and mortality of CRC in Hungary is a 
trend that can be readily reversed through both primary and 
secondary interventions. In most cases, it is known to arise 
from benign neoplasms which can transform into malignant 
cancer over the period of many years. This slow cancer 
progression provides an opportunity to both detect and 
remove these precursor lesions through screening before 
undergoing malignant transformation. For these reasons, 
among others, CRC is one of the most preventable cancers 
through regular screening. In 2019, Hungary implemented 
a nationwide 2-step screening program voluntary for 
both general practitioners and patients to reduce the high 
mortality rate and raise awareness for CRC.

Objective

I decided to summarize results of the colonoscopies from 
the 2-step screening program. Additionally, I provide a brief 
literature review of CRC etiopathogenesis, management, 
and screening guidelines. I compared the results with that 
of established benchmark criteria in anticipation that the 
detection rate and types/localizations of adenomas will be 
significantly different than expected, due to the population 
being under screened. This article was presented in 
accordance with the STROBE reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-
24-318/rc).

Gross anatomy of the colon

The colon is a hollow muscular tube that is on average 
150 centimeters long (2). It is composed of 6 main parts: 
the appendix, cecum, ascending colon, transverse colon, 
descending colon, and the sigmoid colon (Figure 1). In 
that order, the diameter of the lumen decreases from as 
much as 7.5 cm in the cecum to 2.5 cm in the sigmoid. The 
exterior is typified by 3 bands of muscle named the taenia 
coli (anterior, posteromedial, posterolateral) formed from 
the fusion of the inner circular and outer longitudinal layers 
of the colon and the haustra, which are outpouchings of 
the colonic wall between the taeniae (2). Each haustrum 
is separated by the so-called plicae semilunaris, which 
are semicircular folds of the colon protruding into the 
lumen. The posteromedial taenia, also known as the 
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taenia mesocolica, connects the colon to the mesocolon; 
the posterolateral taenia, known as the taenia omentalis, 
connects the colon to the omentum. The anterior taenia has 
no attachments; therefore, it is known as the taenia libra.

Gross anatomy of the rectum
The rectum is bounded superiorly by the rectosigmoid 
junction and inferiorly by the dentate line which is the 
anatomical demarcation of the rectum from the anus. The 
rectum ranges from 12 to 15 cm in length (3). It contains 
2 antero-posterior flexures: a concavity at the level of the 
sacrum called the sacral flexure and a convexity named the 
anorectal flexure more distally. There are 3 lateral flexures, 
also known as the valves of Houston. They are created by 
submucosal folds that protrude into the lumen. The most 
distal portion of the rectum forms the ampulla, which 
is a dilated segment that rests on the pelvic diaphragm  
(Figure 2). The ampulla acts as a temporary storage for feces 
before defecation.

General layers of the colon
The colon possesses all of the rudimentary layers of the 
gastrointestinal (GI) tract. The layers are mostly uniform 
throughout its length. The layers from the colonic lumen 

to the outer surface include the mucosa, the submucosa, the 
muscularis propria, and the serosa (Figure 3). The mucosa 
is subdivided into the epithelium, composed of enterocytes 
and goblet cells, the lamina propria, which contains loose 
connective tissue and vessels, and the muscularis mucosae, 
which divides the epithelium from the submucosa (4). The 
submucosa that contains part of the enteric nervous system 
is called the submucosal plexus, also known as “Meissner’s 
plexus”. The muscularis propria—consisting of inner 
circular and outer longitudinal muscle layers—contains 
Auerbach’s plexus, also known as the myenteric plexus (4). 
The outermost layer contains the serosa and/or subserosa 
or adventitia, depending on the location of the colon.

Arterial supply of the colon and rectum
The arterial supply of the colon arises from the superior 
mesenteric artery and the inferior mesenteric artery. As 
a general rule, the superior mesenteric artery supplies 
the colon up to the proximal 2/3 of the transverse colon  
(Figure 4A). The inferior mesenteric artery supplies the 
distal third of the transverse colon up to the proximal third 
of the rectum and anastomoses with the superior mesenteric 
artery forming the arc of Riolan (Figure 4B). The rectum is 
supplied by the inferior mesenteric artery for the proximal 

Figure 1 Gross anatomy of the large intestine. The colon is composed of 6 main parts—the appendix, the cecum, the ascending colon, the 
transverse colon, the descending colon, and the sigmoid colon. The parts are named in a clockwise order starting from the ileocecal valve. 
The right, left, and sigmoid flexures represent curvatures in the gross anatomy. The haustra shown are sacculations of the colon giving a 
segmented appearance (picture: “Medical Gallery of Blausen 2014” by BruceBlaus is licensed under Creative Commons Attribution 3.0 
Unported). 
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Figure 2 Anatomy of the rectum. The rectum is bounded superiorly by the rectosigmoid junction and inferiorly by the dentate line (linea 
dentata in the figure) which is the anatomical demarcation of the rectum from the anus. There are 3 lateral flexures, also known as the 
valves of Houston (depicted as plica transveraslis recti superior, media, and inferior). They are created by submucosal folds that protrude 
into the lumen. The most distal portion of the rectum forms the ampulla. Also shown are external and internal anal sphincters composed of 
muscle tissue that assist with control of defecation (picture: “Rectum Anatomy” by Armin Kübelbeck is licensed under Creative Commons 
Attribution 3.0 Unported).

Figure 3 Layers of the colon. The layers in order from the colonic lumen to the outer surface are the mucosa, the submucosa, the 
muscularis propria, and the serosa. The mucosa is subdivided into the epithelium, the lamina propria, and the muscularis mucosae. The 
submucosa contains part of the enteric nervous system called the submucosal plexus, also known as the “Meissner’s plexus”. The muscularis 
propria consists of inner circular and outer longitudinal muscle and is innervated by the mesenteric plexus, also known as Auerbach’s plexus 
or the myenteric plexus. The outermost layer contains the serosa and/or subserosa or adventitia, depending on the location of the colon 
(picture: “Layers of Small Intenstine” by Frank Boumphrey is licensed under Creative Commons Attribution 3.0 Unported).
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third, and the middle and inferior rectal arteries originating 
from the internal iliac artery and internal pudendal artery, 
respectively (Picture: “Die Arteria mesenterica superior 
und ihre Äste” by Henry Gray is licensed under Public 
Domain).

Venous and lymphatic drainage of the colon and rectum
The venous drainage of the colon parallels the arteries that 
supplied the embryological derivatives of the foregut, midgut, 
and hindgut (the celiac, superior mesenteric, and inferior 
mesenteric arteries) (5). The veins are named accordingly 
(Figure 5). The superior mesenteric vein drains the third part 
of the duodenum up to the proximal 2/3 of the transverse 
colon. The inferior mesenteric vein drains the remaining part 
of the transverse colon up to the proximal part of the rectum. 
These veins eventually merge with the splenic, gastric, and 
cystic veins to form the portal vein (5). The portal vein then 
enters the liver. Therefore, most of the metastases of colon 
cancer involve the liver. The distal 2/3 of the rectum drain 
into the systemic venous system, so metastases are more 
likely to occur in the lungs than in the liver.

The colon has a “4-tier system” of lymphatic drainage 
(Figure 6A,6B). It consists of the epicolic nodes on the 

colonic wall, the paracolic and intermediate nodes on the 
arcade of Drummond and arterial trunks, and the central 
nodes located on the root of the arterial trunk (6). The 
lymph drains in that order, into the cisterna chyli and up 
into the thoracic duct. The lymph ultimately drains into 
the venous system at the confluence of the subclavian and 
internal jugular veins. 

CRC

CRC is a malignant neoplasm that is derived from the 
epithelial cells of the large intestine or rectum (1). Although 
both types of cancer can be defined as separate entities, 
they are combined frequently because of the similarities 
in clinical and biological features (7). CRC was a relatively 
rare cancer in the 1950s, but it has become an increasingly 
common malignancy in Western countries; now attributable 
to about 10% of the cases of cancer-related mortality (8). 
Some of the factors that sustained this increase include 
decreased levels of physical activity, excess of nutrition, 
poor diet, and smoking. Projections for the year of 2040 
according to CANCER TOMORROW on the Global 
Cancer Observatory estimate an increase in number of new 

Figure 4 Arterial supply of the superior and mesenteric arteries (A,B). The superior mesenteric artery (left) supplies the colon up to the 
proximal 2/3 of the transverse colon. The inferior mesenteric artery (right) supplies the distal 1/3 of the transverse colon up to the proximal 
1/3 of the rectum and anastomoses with the superior mesenteric artery forming the arc of Riolan (not labelled). The rectum is supplied by 
the inferior mesenteric artery for the proximal third, and the middle and inferior rectal arteries originating from the internal iliac artery and 
internal pudendal artery, respectively (not pictured) (picture: “Die Arteria mesenterica superior und ihre Äste” by Henry Gray is licensed 
under Public Domain).
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Figure 5 Venous drainage of the colon and rectum. The venous drainage of the colon and the proximal third of the rectum parallels that 
of the arteries. These veins merge to form the portal vein. The portal vein then enters the liver. The distal 2/3 of the rectum drains into 
the systemic venous system (not pictured) [picture: “Hepatic Portal System (Labeled)” by Royal College of Surgeons of Ireland (RCSI) is 
licensed under Creative Commons Attribution 1.0].

Figure 6 Lymphatic drainage of the colon and rectum (A,B). the lymphatic drainage of the colon parallels that of the venous system and 
is named accordingly. The lymph drains into the cisterna chyli and eventually up into the thoracic duct, into the venous system at the 
confluence of the subclavian and internal jugular veins (not pictured) (Figure 6A is under Public Domain and Figure 6B “Colon and Rectum” 
by Alan Hoofring is under Public Domain).
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cases of about 67%, with an increase in number of deaths of 
about 76%. The situation in Hungary is dismal, where the 
incidence and mortality of CRC are among the highest in 
the world. During the past 30 years, the mortality of CRC 
has increased in Hungary compared to the average in the 
European Union (EU) (9).  

Epidemiology of CRC
CRC is the second most common cancer in men and 
the third most common cancer in women. In both sexes 
together, CRC is the third most common malignancy and 
accounts for around 10% of all malignancies that do not 
include non-melanoma skin cancer (10). However, CRC 
is not distributed equally around the world (11). The 
incidence of CRC varies with geography, and it is correlated 
positively with the Human Development Index (HDI), age-
specific incidence rate (ASIR), and age-specific mortality 
rate (ASMR) (12). The HDI is defined as the mean of the 
3 indices of a long and healthy life, knowledge, and the 
standard of living. It was created to underline the principle 
that the population and their human capabilities should 
be the foremost criteria for assessing the development 
of a country. Developed countries are at the highest risk 
for CRC. Colon cancer incidence is highest in Northern 
Europe, Australia/New Zealand, and Southern Europe. 
Rectal cancer incidence is highest in the regions of Eastern 
Europe, Eastern Asia, and also in Australia/New Zealand (1). 
Additionally, North America is among the continents with 
the highest incidences for both forms of cancer. Not only 
does the incidence of CRC vary as much as 8-fold between 
different countries; within a nation, the variation can be as 
much as 3-fold, as seen in the United States (US) between 
Alaska relative to the Southwest region (1). The age-
standardized incidence of CRC per 100,000 population was 

the highest in Hungary among all countries for both 2018 
and 2020. According to GLOBOCAN 2018 data, CRC 
held the second top spot for mortality worldwide. Colon 
cancer was in the top 5 most deadly cancers, whereas rectal 
cancer ranked within the top 10. The mortality from CRC 
differs with the developmental status of a nation, as it does 
for incidence, albeit to a lower degree (1); it still maintains a 
positive correlation. The country with the highest mortality 
rate among nations in 2018 was Hungary, with a rate of 
about 31.2 per 100,000 among males and 14.8 per 100,000 
among females. 

Pathogenesis of CRC
The hallmark feature of CRC pathogenesis is the presence 
of epigenetic and genetic alterations that transform 
glandular epithelial cells into invasive adenocarcinomas (13). 
The sequence of transformation from polyps to carcinomas 
was first proposed in a model by Fearson and Vogelstein, 
termed the “Seminal and Classic Tumor Progression 
Model” in September of 1988. It consists of 3 steps that 
progress chronologically. The first step is the formation of 
a benign neoplasm (adenomas and sessile serrated polyps), 
followed by the second step that forms a more histologically 
advanced neoplasm, and concluding with the third and 
final step that transforms the tumor into an invasive 
adenocarcinoma (Figure 7) (14). The latency period for the 
formation of invasive cancer from an adenomatous polyp is 
around 7–10 years (15). Many studies have shown that the 
polyp to CRC progression is highly heterogenous (16-20). 
Therefore, throughout the years, many modifications have 
been made to the model as a result of the availability of new 
information regarding the molecular pathogenesis of CRC. 
For example, it was once thought that the sole precursor 
lesions to CRC were tubular and tubulovillous adenomas. 

Figure 7 Adenoma to carcinoma sequence. CRC carcinogenesis results from a series of mutations that transforms normal mucosa into 
carcinomas. It consists of steps that progress chronologically. With the acquisition of somatic mutations in no specific order, normal colonic 
mucosa transforms dysplastic mucosa, adenoma, and then CRC carcinoma subsequently (“Basic genomics involved in the classic adenoma-
carcinoma tumorgenesis pathway” by Annj716 is under Creative Commons Attribution 1.0). CRC, colorectal cancer. 
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Now, it is generally accepted that sessile serrated adenomas 
and traditional serrated adenomas also have potential to 
undergo carcinogenesis (21). 

The several types of genetic/epigenetic aberrations that 
have been implicated in CRC pathogenesis, including: (I) 
microsatellite instability (MSI); (II) chromosome instability; 
(III) DNA methylation abnormalities; (IV) non-MSI 
hypermutability; and (V) global DNA hypomethylation (13). 
Certain classifications of precursor lesions have also been 

shown to arise from specific molecular phenotypes; CpG 
island methylator phenotype (CIMP) is correlated with 
serrated polyps, whereas conventional tubular adenomas 
are more frequently associated with inactivation of the 
adenomatous polyposis coli (APC) tumor suppressor gene 
and chromosome instability (22). Histological subtypes of 
adenomas include tubular (Figure 8), villous (Figure 9), and 
tubulovillous (Figure 10) subtypes (villous adenomas harbor 
the most malignant potential, followed by tubulovillous 
adenomas and then tubular adenomas). They gradually show 
dysplasia, which makes them distinct from hyperplastic 
polyps (23). However, serrated polyps are potentially an 
alternative path to malignancy whereby a classification 
of hyperplastic polyps called microvesicular hyperplastic 
polyps continue to become serrated neoplasms (24).  
Chromosomal instabi l i ty,  def ined as  a  numerical 
alteration in the chromosomes or structural alterations 
in the chromosomes, can be found in as many as 85% of  
polyps (13). MSI is found almost always in serrated 
polyps, with the exception of tubular adenomas in Lynch  
syndrome (25). MSI is understood well and is due to 
inactivation of genes in the mismatch repair pathway (26).  
Indirect data also suggests that MSI can accelerate the 
adenoma to carcinoma sequence: CRC can arise in as 
little as 2–3 years from a polyp with MSI (14). The 
epigenetic instability in CRC is manifested through DNA 
hypermethylation or global DNA hypomethylation. The 
methylation of DNA takes place at loci designated as CpG 
islands, areas of DNA where the base sequence contains 
repeats of cytosine and guanine (27). The mechanisms that 

Figure 8 Tubular adenoma, ×100 magnification H&E stain. 
Pictured is a tubular adenoma consisting of oval or circular tubular 
profiles. There is prominent hypercellularity and glandular 
crowding (picture: “Tubular adenoma of the colonic mucosa with 
low-grade dysplasia. H&E stain.” by CoRus13 is licensed under 
Creative Commons 4.0 Attribution). H&E, hematoxylin and eosin.

Figure 9 Villous adenoma, ×100 magnification H&E stain. 
Pictured is a villous adenoma consisting of columnar epithelium. 
There is hypercellularity and crowding of the nuclei (picture: 
“Microscopically the diagnosis of a villous adenoma is easily 
confirmed by observation of the enlarged glands containing 
enlarged cells with hypochromatic nuclei that are stratified and 
have a typical picket fence appearance and an obvious villous 
architecture” by The Juan Rosai Collection is licensed under 
Creative Commons Attribution 1.0). H&E, hematoxylin and eosin.

Figure 10 TVA, ×100 magnification H&E stain. Tubulovillous 
adenoma showing a mixture of tubular and villous components 
(picture: “Low magnification micrograph of a tubulovillous 
adenoma, TVA. Surgical specimen. H&E stain.” by Nephron 
is licensed under Creative Commons 3.0 Unported). TVA, 
tubulovillous adenoma; H&E, hematoxylin and eosin. 
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can give rise to CIMP are under investigation, though there 
is a high probability that they are very heterogenous. The 
clinical utility of CIMP is burdened by the differing criteria 
for determining CIMP; however, retrospective studies 
implicate that CIMP could be a prognostic and predictive 
marker for CRC (28).

Modifiable risk factors for CRC
Numerous modifiable risk factors have been implicated 
in the pathogenesis of CRC. These risk factors are 
predominantly lifestyle-related, and proper educational 
steps and lifestyle interventions can be taken to reduce the 
risk of development of CRC. 
	 Obesity: obesity and a sedentary lifestyle are 

correlated positively with risk for development of 
CRC. Obesity is thought to increase the risk of 
CRC due to the effects on metabolic processes and 
the disruption of the normal microbial flora of the 
GI tract. Adipose tissue, which is in higher excess in 
obesity, stores excess energy and is capable of synthesis 
of a number of metabolically active compounds 
that can impact homeostasis (29). Adipose tissue 
releases inflammatory cytokines that can predispose 
to carcinogenesis. Excess bodyweight can predispose 
to malignancy through metabolic derangement and 
generation of mutagenic free radicals (30). A pooled 
study of 13 cohort studies demonstrated that a 5 kg 
gain of weight was associated with a 3% increase in 
CRC risk (31).

	 Smoking: cigarette smoke contains around 60 
different carcinogens (32). Smoking is known 
to increase the risk of various different cancers, 
including CRC. A meta-analysis of smoking and the 
risk of CRC published in the American Journal of 
Gastroenterology analyzed 188 studies found that the 
relative risk (RR) for CRC of smokers compared 
to nonsmokers was 1.14 [95% confidence interval 
(CI): 1.10–1.18], whereas the RR for former 
smokers compared to nonsmokers was 1.17 [95% 
CI: 1.15–1.20] (33). 

	 Diet: diet is known to impact the intestinal 
microbiome. In particular, bile acids and protein-
laden foods may promote the formation of 
carcinogenic metabolites and pro-inflammatory 
molecules (34). A large meta-analysis of 60 studies 
has shown that red meats (RR =1.12; 95% CI: 
1.03–1.21) and processed meats (RR =1.15; 95% 

CI: 1.07–1.24) increase the risk of CRC (35). Fiber 
found in different foods (vegetables, fruits, etc.) has 
been shown to decrease the transit times for stool, 
and subsequently, exposure to carcinogens (36). 

	 Alcohol: alcohol consumption has been shown 
to increase the risk of developing CRC, if taken 
in moderate or severe amounts (37). The RR for 
drinking alcohol in moderate amounts was 1.12 
(95% CI: 1.13–1.28) and 1.52 for severe amounts 
(95% CI: 1.27–1.81) (37).

	 Medications: prolonged periods of use of non-
steroidal anti-inflammatory drugs (NSAIDs) such 
as aspirin has been associated with a decrease in 
risk for CRC. The risk decrease has not been 
quantified, however the recommendations from 
the US Preventive Service Task Force include low-
dose aspirin for individuals with a heightened risk 
of cardiovascular disease or CRC (38).

	 Diabetes or insulin resistance: the incidence of 
type II diabetes and obesity continue to increase 
in the developed world. This has led to extensive 
speculation that this could be one of the causes of 
the steady increase in incidence of CRC throughout 
the years. A meta-analysis of 29 prospective cohort 
studies conducted in China showed a 27% increase 
in risk of CRC in those with diabetes (39).

Nonmodifiable risk factors for CRC
Nonmodifiable risk factors for CRC cannot be changed 
through lifestyle interventions, although knowledge of these 
risk factors may identify the so-called “at risk population” 
and impact screening intervals or medical care.
	 Race and ethnicity: racial and ethnic differences 

in the incidence, mortality, and stage of CRC 
diagnosis were presented in the Surveillance, 
Epidemiology, and End Results (SEER) program 
data (40). Incidence and mortality adjusted for 
age were highest for African-Americans (41). 
According to the SEER program, since the 1980s, 
the rates of CRC for African Americans and 
Whites have diverged (42). These racial differences 
are hypothesized to be a result of differences in 
access to healthcare and other socioeconomic  
factors (43). As a result, the US Preventative 
Services Task Force (USPSTF) guidelines for 
screening for CRC differ in African Americans and 
Whites.
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	 Age: SEER data shows that in the US, those 
over the age of 65 years have an increased risk of 
about 3 times for CRC compared to those aged  
50–64 years, and about 10 times more than this risk 
than for those aged 25–49 years. 

	 Sex: GLOBOCAN 2018 data shows that individuals 
of the male gender have a 1.5 times higher risk of 
CRC than females when adjusting for confounders.

	 Inflammatory bowel disease: according to a met-
analysis of 10 studies, CRC accounts for 10–15% 
of the mortality in ulcerative colitis (UC) and 
Crohn’s disease (44). The chronic inflammation 
of the intestinal mucosa is a clear etiologic factor. 
A cohort study of about 9,400 patients with 
childhood-onset inflammatory bowel disease (IBD) 
showed that patients with UC were at higher risk 
[hazard ratio (HR) =33.3; 95% CI: 23.1–49.1] than 
those with Crohn’s disease (HR =5.8; 95% CI: 
3.2–10.4) (45). 

	 Hereditary causes: approximately 1 in 20 CRC 
cases can be attributed to inherited genetic  
aberrations (46). The inherited diseases that 
predispose to CRC are widely categorized 
among the presence of adenomatous polyps, 
hamartomatous polyps, or the absence of polyps (47).  
The most common cause of CRC associated 
with an inherited cancer syndrome is Lynch 
syndrome [hereditary nonpolyposis colorectal 
cancer syndrome (HNPCC)]. It is inherited in 
an autosomal dominant fashion and accounts for 
around 2–4% of CRC (47). Consistent with the 
name, CRC arises in the absence of polyposis. In 
contrast, familial adenomatous polyposis (FAP), 
also inherited in an autosomal dominant fashion, 
arises from marked polyposis. It has a higher 
penetrance (100% if left untreated) than HNPCC, 
and its incidence is around 1 in 8,000 (48). It 
accounts for less than 1% of CRC cases (47), and is 
the second most common cause of inherited CRC. 
The hamartomatous polyp syndromes (Peutz-
Jegher’s, juvenile polyposis, Cowden syndrome, 
etc.) listed occur at a very low incidence rate of 1 in 
100,000 (48).

	 Other nonmodifiable risk factors for CRC include 
family history, radiation to the abdomen, cystic 
fibrosis, androgen deprivation therapy, and 
cholecystectomy (49).

Staging and prognosis of CRC
The most widely used method for staging CRC is the 
tumor, node, metastasis (TNM) method, primarily used for 
solid tumors. In general, the T for “tumor” reflects the size 
of the cancer and its invasion into the abutting tissue, the 
N for “node” is used to reflect the lymph node involvement 
in and around the tumor, whereas the M for “metastasis” 
reflects the spread beyond the lymph nodes (50). In CRC, 
T ranges from T1 to T4; T1 indicating invasion into the 
submucosa, T2 the invasion of the muscularis layer, T3 
subserosal invasion, and T4 the invasion through all of the 
colonic layers into nearby structures. N ranges from N1 
to N3, differing by the degree and sheer number of lymph 
node involvement (N1 is 1–3 lymph nodes, N2 4–6 lymph 
nodes, and N3 7+ lymph nodes). M is subclassified M1a, 
M1b, and M1c according to the distinct areas involved: 
M1a representing 1 area, M2b representing 2 areas, and 
M1c representing involvement of the peritoneal surface (50).  
The TNM stage can be stratified into stage groups which 
largely reflect the prognosis of CRC and influences its 
treatment. The Union for International Cancer Control 
(UICC) defined stage groups based upon the TNM staging 
of CRC, with higher stages reflecting a decreased 5-year 
survival rate. The UICC stages include stage I, stage II, 
stage III, and stage IV. Stages may be subdivided based upon 
the combination of TNM, which will not be elaborated 
upon to maintain simplicity. The American Join Committee 
on Cancer (AJCC) updates the stage groups and TNM 
staging periodically.

Management of CRC
The management of CRC depends upon the stage of 
the disease upon diagnosis. Distinguishing sigmoid from 
rectal cancer can be challenging. An accepted approach for 
distinguishing between the two would be to analyze the 
aggregate data on local recurrences—cancers located 12 cm 
proximal to the anal verge should be classified as colon cancers 
because their recurrence rates are consistent with those of 
more proximal colon cancers (51). Meanwhile, cancers within 
12 cm of the anal verge should be classified as rectal cancers 
due to a similar logic (51). Therefore, it is commonplace to 
define the length of the colon by proctoscopy in that the 
colon length begins 13 cm from the anal verge and the rectal 
length extends 12 cm from the anal verge (52).
	 Colon cancer  management:  general ly,  for 

early-stage tumors defined as UICC stage I, a 
hemicolectomy with lymph node dissection and 
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no additional treatment is advised (53). Those 
with low-risk tumors (T1 and low grade) can be 
treated locally such as with endoscopic mucosal 
resection or laparoscopic segmental resection. 
Those with nodal involvement or involvement of 
the serosa are recommended to undergo adjuvant 
treatment. With UICC stage II tumors, a study 
has shown that there is a small gain in 5-year 
survival (2% to 3%) with adjuvant chemotherapy 
of 5-fluorouracil (5-FU) or capecitabine (54). 
Tumors with defective mismatch repair are 
not recommended for adjuvant therapy (55).  
Patients with involvement of lymph nodes, or 
UICC stage III, benefit from adjuvant treatment 
with 5-FU, which increases 5-year survival by 
about 10–15%. The standard regiments for UICC 
stage III are capecitabine plus oxaliplatin (56)  
or FOLFOX (folinic acid, 5-FU, oxaliplatin) (57). 
For UICC stage IV (unresectable, metastasis), the 
FOLFOX protocol was shown to increase overall 
survival (OS) to a median of 20 months (58). 
The addition of biologicals such as bevacizumab 
[anti-vascular endothelial growth factor (VEGF) 
monoclonal antibody] or cetuximab/panitumumab 
[anti-epidermal growth factor receptor (EGFR) 
monoclonal antibodies] to those regimens increased 
median OS by about 4 months (59-61). Second-
line treatment and later-line treatment involving 
pharmacotherapy with the addition of aflibercept, 
or new compounds interfering with thymidylate 
synthesis have shown promising results (53).

	 Rectal cancer management: rectal cancer accounts 
for about a third of all CRC (53). Due to the more 
complex anatomy and potential for recurrence, 
management decisions for rectal cancer are more 
complex (62). The stage and the location of the 
cancer determine the subsequent management. 
Rectal cancer can be classified into distinct groups 
based on identifiable features that include early 
or advanced stage, low or high location (62). 
Generally, stage I is the only stage where surgery 
alone is indicated (T1 or T2 and N0). The rest of 
the stages are deemed as advanced stages, where 
treatment with multiple different modalities is 
considered standard of care. 
	 Early-stage low rectal cancer (T1 or T2 and 

N0): surgery alone is standard therapy. The 
circumferential resection margin (CRM) 

should be negative for tumor growth for any 
disease confined to the rectal wall (62). Total 
mesorectal excision (TME) and low anterior 
resection with anastomosis with or without 
temporary diversion yields excellent outcomes. 
Unfortunately, if at the low sphincter level, 
complete resection requires resection of the 
perineum and consequently an end colostomy 
to ensure a negative margin.

	 Early-stage high rectal cancer: for this category, 
a 1 cm resection margin length plus mesorectal 
c learance hold equivalent  importance. 
Complete TME should be performed with a 
clear CRM. If the pathology of the specimen 
reveals a more advanced disease, the surgery 
must  ensure the minimizat ion of  local 
recurrence followed by adjuvant therapy (62). 

	 Late-stage low rectal cancer: late-stage low 
rectal cancer is treated with neoadjuvant 
radiochemotherapy followed by radical resection. 
Diverting colostomy is a better option than 
resection when faced with positive CRM, lymph 
node, or sphincter involvement (62). There is 
ongoing research in those that have complete 
response to neoadjuvant therapy where “watchful 
waiting” is taking precedence (62). 

	 Late-stage high rectal cancer: for late-stage 
high rectal cancer with positive CRM or distal 
resection margin (DRM), surgery is delayed for 
radiochemotherapy or chemotherapy. There is 
potential research that should be undertaken 
upon the use of the different induction 
therapies (radiochemotherapy, chemotherapy, 
or radiation therapy) before surgical resection. 
As of now, the decision rests on the surgeon 
and the assessment of the patient and the risks/
benefits of the different modalities (62).

	 Surgical management of colon cancer: the surgical 
management of right-sided lesions differs from 
that of left-sided lesions. Although debatable, it is 
generally recommended that a minimum of 5 or 
10 cm on either side of the colon be removed (63).  
This is because the anastomoses between the 
colon parts are more susceptible to leakage (63). 
Generally, obstructing lesions of the ascending 
colon are managed by resection and anastomosis, 
with additional removal of the proximal transverse 
colon (64). Complete mesocolic excision (CME) 
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with central vein ligation with regard to right-
sided colon cancer is analogous to TME in rectal 
cancer (65). The proper management of left-sided 
lesions remains controversial. In the past, left-
sided tumor management consisted of 3 separate 
operations: the first surgery was a decompressing 
surgery, the second involved resection of the 
lesion, and the third restored continuity in the 
bowel by internal anastomosis (63). However, this 
resulted in an unacceptably high mortality (66).  
The  Har tmann’s  procedure  i s  a  “2- s tage 
procedure” involving segmental resection of the 
bowel and subsequent closure of the distal stump. 
Alternatively, a stoma can be created followed by 
a restoration of intestinal integrity. The Hartman 
procedure has acceptable morbidity and mortality 
for those unfit to undergo primary anastomosis (63).  
A subtotal colectomy with ileosigmoid or ileorectal 
anastomosis is championed by a sizeable number 
of practitioners due to no stoma formation, shorter 
postoperative stay, and definitive treatment of 
unnoticed preexisting lesions (63). The addition 
of on-table lavage has been shown to remedy 
the previously feared complications of anatomic 
dehiscence as a result of the dilated, edematous, 
unprepared bowel in segmental resection with 
primary anastomosis (67). Depending on several 
factors,  metastasectomy can potentially be 
performed for liver or lung metastases (65). 

Screening of CRC

Most cases of CRC arise from adenomatous or serrated 
polyps. Worldwide, CRC is a significant cause of morbidity 
and mortality. This is unfortunate because CRC is a disease 
that can be screened relatively easily, as the precursor lesion 
is readily detectable by various different methods, and 
prompt intervention can significantly improve prognosis. 
According to many sources, the latency for transformation 
from a polyp into CRC is about 10 years. The screening 
for CRC for a population can take place in 2 different 
ways: opportunistic or organized ways. The opportunistic 
screening for CRC is when a health professional is asked 
by the patient to screen for the disease. The organized 
way is when a screening program is instituted nationally 
or regionally. The most widely used screening modalities 
include, but are not limited to: (I) stool-based tests 
such as guaiac-based fecal occult blood test (gFOBT), 

fecal immunochemical test (FIT), and multitarget stool 
DNA testing (Cologard©); (II) direct visualization of the 
colon through invasive tests such as colonoscopy and 
sigmoidoscopy; (III) radiologic examinations such as 
computed tomographic colonography, double-contrast 
barium enema, and capsule endoscopy (68).

Stool-based tests
The 3 noninvasive stool-based tests for CRC screening are 
gFOBT, FIT, and multitarget stool DNA testing. These 
tests detect blood that is shed by vascularized lesions, 
which could include cancer, polyps, or adenomas (69). 
The gFOBT detects blood based upon the peroxidase 
enzymatic activity of heme. It requires a moderate amount 
of heme; it is generally considered not sensitive to the 
presence of blood. A study estimated that the sensitivity 
of gFOBT for CRC is 50% (70). This is due to the fact 
that it can cross-react with dietary substances and/or 
medications. Despite this, a follow up after 30 years in 
the Minnesota Colon Cancer Control Study for patients 
assigned to either annual/biennial gFOBT or usual care 
revealed a 32% decrease in mortality (71). The FIT is 
based upon an antibody reaction to the globin chains 
of hemoglobin, and it does not cross-react with dietary 
meats. It is simple and requires less fecal samples than 
gFOBT; a recent meta-analysis of 19 studies showed that 
FIT had a sensitivity of 79% and specificity of 94% for 
the detection of CRC (72). A disadvantage of this method 
is the low sensitivity for detection of colon polyps (73).  
The multitarget stool DNA test detects abnormally 
structured DNA in the stool. A study from multiple centers 
showed that the multitarget stool DNA test had a higher 
sensitivity (92%) but a lower specificity (87–90%) for 
detecting CRC (74). Unfortunately, it was unable to detect 
more than half of all advanced adenomas.

Colonoscopy and sigmoidoscopy
Colonoscopy is widely considered the gold standard for 
diagnosis and prevention of CRC due to its high sensitivity 
and specificity as well as the opportunity to detect and 
resect precursor lesions. It is a procedure in which an 
endoscope is inserted through the rectum and the entire 
colon is visualized in real-time. The rate of perforation is 
around 1/1,000, and it is most often due to polypectomy 
rather than colonoscopy itself (68). It requires sedation and 
bowel preparation. A meta-analysis of many observational 
studies showed that colonoscopy has a 68% lower mortality, 
however it differs in its ability to detect cancers in different 
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locations of the colon, such as the proximal colon (75). 
Sigmoidoscopy requires less bowel preparation than 
colonoscopy, and its beneficial effects are limited to the 
distal colon. Large, randomized controlled trials have shown 
that periodic sigmoidoscopy (every 3–5 years) reduced 
mortality by as much as 31% compared to the population 
that did not undergo screening (75).  

Radiologic screening methods
The radiologic screening methods for CRC involve 
radiographic visualization of polyps or cancers. They 
consist of computed tomography (CT) colonography, 
capsule endoscopy, and double-contrast barium enema. 
CT colonography is a radiologic imaging test that does 
not require sedation. It can also evaluate extra-colonic 
tissues and organs. CT colonography and colonoscopy have 
similar sensitivity for detection of large polyps; however, 
CT colonography is less sensitive for polyps less than 8 mm  
in size (76). CT colonography appears to not differ 
significantly compared to colonoscopy for the detection of 
CRC. Double-contrast barium enema involves X-rays of 
the colon after liquid barium is instilled into the rectum. 
Double-contrast barium enema can unmask most malignant 
and premalignant lesions (77). It has been approved as 
a screening option for high- or medium-risk individuals 
by the current Medicare guidelines in the US. A study 
showed that the overall sensitivity for polyp detection for 
barium enema was 71%, and it increased to 80% with 
polyps greater than or equal to 10 mm (78). Another study 
examined the sensitivity of double-contrast barium enema 
for detection CRC. It revealed that the sensitivity for 
detection for CRC was 96.5%; in other words, it had a false 
negative rate of 3.5% (79). This is consistent with previous 
studies showing approximately the same false negative rate. 
Capsule endoscopy is a wireless, disposable capsule that is 
swallowed and takes pictures of the GI tract during transit. 
Data on the performance of capsule endoscopy for screening 
is scarce, the first systematic review was published on  
13 January 2021. This systematic review combined results of 
13 studies; for capsule endoscopy, the polyp detection rate was 
24–74%, the sensitivity for polyps >6 mm was 79–96%, and 
the specificity 66–97% (80). For polyps greater than or equal to 
1 cm, the sensitivity was superior to that of CT colonography. 
More studies should be undertaken, but it seems to be a good 
alternative to screening colonoscopy (80).

CRC screening programs worldwide
In 2003, the Council of the EU recommended that all EU 

member states conduct CRC screening for the average 
risk population (ages 50–74 years) with FIT followed 
by colonoscopy if positive. By 2015, countries such as 
Spain, the Netherlands, Ireland, Italy, Croatia, Lithuania, 
Slovenia, England, France, and the Czech Republic had 
established screening programs based on this premise (81).  
Other countries did not have an organized screening 
program; for example: Bulgaria, Slovakia, Albania, and 
Bosnia (82). Poland implemented a population-based 
colonoscopy screening program in 2012 that required just 
1 step: a colonoscopy every 10 years (83). In the region of 
East Asia, the Asian Pacific Colorectal Cancer Screening 
Group proposed screening in the average risk population 
for those with the highest CRC incidence. The screening 
also consists of an FIT (annual or biennial) followed by a 
colonoscopy if positive. Some of the countries/regions that 
have screening programs based upon these principles are 
Japan, South Korea, Thailand, and Taiwan (84). In North 
America, Canada has a similar screening program to those 
aforementioned. Screening in the US makes use of almost 
all of the available modalities on an opportunistic basis: (I) 
annual FIT; (II) colonoscopy every 10 years; (III) flexible 
sigmoidoscopy every 5 years; (IV) double-contrast barium 
enema every 5 years; (V) multi-target stool DNA test every 
3 years; or (VI) CT colonography every 5 years (85). In 
the US, colonoscopy is the most widely used screening 
modality, followed by FIT and multitarget stool DNA tests. 

CRC screening in Hungary
Since the 1990s, there have been several pilot CRC 
screening programs in Hungary. These consisted of an FIT 
followed by a colonoscopy if positive, termed the so-called 
“2-step” screening program. Screening is recommended for 
those over the age of 50 years in the average risk population. 
The first pilot screening program in Hungary was conducted 
in 1997 in Budapest, the next was in the city of Ajka in 2003. 
There were numerous other screening programs, most 
notably one conducted in Csongrad County in 2015, which 
was financed by the EU (86). Currently, the Hungarian laws 
do not mention CRC screening as it relates to a nationwide, 
organized screening program. The only historical CRC 
screening programs in Hungary were opportunistic and 
pilot programs. In fact, in 2002, the government of Hungary 
sought “to develop an organized CRC screening program 
based on detection of human-specific fecal occult blood, and 
in this way, to reduce the CRC mortality by 20% by the year 
2010”. However, this was soon shown to be unsuccessful 
by the National Audit Office in 2008 (87). The Budapest 
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Declaration in 2011 declared the need for high-quality CRC 
screening programs in accordance with the United European 
Gastroenterology Federation (UEGF) (88). Only years later, 
the first attempt at a nationalized screening program was 
started in December of 2018, based on the 2-step FIT and 
subsequent colonoscopy if positive.

Methods

In accordance with the regulatory bodies, Semmelweis 
University, Department of Internal Medicine and 
Hematology started a 2-step CRC screening program 
in 2019–2020. It was based upon voluntary participation 
of both the general practitioners and the patients. 
Asymptomatic patients over the age of 50 years were 
invited to undergo an FIT; if positive, they were referred 
to colonoscopy. I retrospectively analyzed the results of 
the 168 colonoscopies referred to Semmelweis University 
Department of Internal Medicine and Hematology during 
a 1-year period of time from August 2019 to August 2020. 
I recorded the results of each colonoscopy, including: (I) 
the number and histological characteristics of the polypoid 
lesions resected; (II) their locations; (III) the CRC incidence 
and their locations; (IV) quality indicators for an efficacious 
colonoscopy; and (V) the experience and performance 
of the endoscopists in detecting polyps. This data was 
analyzed with descriptive statistics, and I have provided 
that absolute and relative data from the aforementioned 
categories. The endoscopists were ranked from least 
experience to most experience numerically. Additionally, I 
gathered information from literature comparing the cost-
effectiveness, benefits, and pitfalls of screening colonoscopy. 
These results gathered were compared to national and 
international standard criteria. Through this information, I 
attempted to show that implementing a 2-step nationalized 
CRC screening process is cost-effective and will benefit 
the Hungarian population. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). The Research and Ethics Committees (RECs) 
in Hungary grant ethical approval for clinical trials, 
biomedical research, and research conducted on human 
participants. The country of Hungary does not have REC/
ethics committee for non-biomedical and non-clinical trial 
research. Therefore, ethical approval and informed consent 
was not obtained due to country-specific policies.

Quality indicators for colonoscopy

In 2006, the American Society for Gastrointestinal 

Endoscopy (ASGE) released the first version of quality 
indicators for colonoscopies (89). In 2015, the ASGE 
published an update to the quality indicators based upon 
new evidence from various studies. The indicators that 
were prioritized included those that were supported by 
evidence-based trials or studies. The indicators that lacked 
such evidence were chosen by expert opinion. The quality 
indicators were divided into preprocedural, intraprocedural, 
and postprocedural time periods with regard to the 
colonoscopy. Notably, the targets for performance for the 
quality indicators do not mirror the standard of care; rather, 
they guide quality improvement (90). In my study, I chose 4 
quality indicators from the colonoscopy reports. All of them 
were intraprocedural due to the study’s retrospective nature 
and the presence of recorded values for each. The quality 
indicators chosen included the following: (I) the adenoma 
detection rate (ADR); (II) the cecal intubation rate; (III) the 
withdrawal time; and (IV) frequency of bowel preparation 
adequacy. I characterized the quality indicators based upon 
the strength of evidence as noted from the ASGE (90).

ADR
ADR is the best evidence-based parameter for screening 
colonoscopy (91). The grade of recommendation is listed 
at 1C (clear benefit, methodological strength supporting 
evidence from observational studies) (90). It is defined 
as the fraction of colonoscopies with at least 1 adenoma 
detected. The ASGE proposed guidelines for the ADR 
and various quality indicators for colonoscopy. An ADR of 
greater than or equal to 25% in the screening population is 
considered high-quality colonoscopy. Specifically, screened 
males should have a greater than 30% ADR, and screened 
females should have a greater than 25% ADR. Most post-
colonoscopy cancers are attributable to missed lesions (92). 
A study recently showed that there is a 3% reduction in 
CRC incidence and 5% decrease in CRC mortality with a 
1% increase in ADR by the endoscopist (93). The ADR in 
the population may be more skewed as the population was 
under screened.

Cecal intubation rate
The cecal intubation rate is the fraction of colonoscopies 
that visualize the cecum. It is the passage of the colonoscope 
to a point adjacent to the ileocecal valve, allowing the 
visualization of the appendiceal orifice and the medial wall 
of the cecum (90). The grade of recommendation is listed 
as 1C (clear benefit, methodological strength supporting 
evidence from observational studies) (90). For screening 
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colonoscopies, the cecal intubation rate should be greater 
than 95% (90). This is because of the recurrent finding 
that a high percentage of CRC are located in the proximal 
colon, which includes the cecum. Low cecal intubation rates 
have been correlated with higher rates of interval proximal 
colon cancer (90).  

Withdrawal time
In negative-result screening colonoscopies, the withdrawal 
time should be greater than or equal to 6 minutes on average, 
according to ASGE guidelines. The grade of recommendation 
is listed as 2C (unclear, methodological strength supporting 
evidence from observational studies) (90). This measure of 
efficacy is not as important as the ADR. In fact, the use 
of withdrawal time may be to correct the endoscopists to 
improve their substandard ADRs (94). Several studies have 
demonstrated a correlation between longer withdrawal 
time and higher ADRs (95-99). The main premise that 
the withdrawal time attempts to illustrate is that a careful 
examination of the colon requires time and effort. A caveat 
might be that since colon length can differ, individualized 
withdrawal time is not applicable, since a well-prepared 
colon that is shorter than average length can be examined 
thoroughly in less than 6 minutes (89).

Frequency of bowel preparation adequacy
The grade of recommendation for the frequency of bowel 
preparation adequacy is 3 (unclear, expert opinion only) (90).  
The ASGE recommends greater than or equal to 
85% of outpatient examinations have adequate bowel  
preparation (100). Endoscopists who do not meet this 
criterion are recommended to check and revise their 
protocol for bowel preparation. By far, the most important 
determinant for preparation adequacy is the time period 
between the end of preparation and the colonoscopy (101). 
Quite logically, quality diminishes as this interval increases. 
The ASGE recommends split-dosed bowel preparations, 
meaning that half of the dosage is given on the day of the 

examination and the other half is given the day before (101).  
The Boston Bowel Preparation Score (BBPS) has been 
shown to be valid in various clinical studies (102-106) It 
consists of a score from 0 to 9; each segment (descending, 
transverse, ascending) of the colon is scored from 0 to 
3 based on the colon preparation quality, and the sum 
determines the end score (102). The latest validation 
study for the BPPS showed that a total score of ≥6 and all 
segment scores ≥2 is a standard for adequacy for a 10-year 
follow-up (105). Currently, this study has been reaffirmed 
by an additional study that performed 438 colonoscopies in 
men. This study showed that a BPPS segment of 2 or 3 had 
adequate bowel preparation for those adenomas >5 mm and 
is sufficient for repeat colonoscopy at standard, guideline-
recommended intervals (107).

Results

There were 7 different endoscopists that performed 
colonoscopy. Colonoscopy was performed in 168 patients. 
There were 100 males and 68 females. The average age 
for the patient population was 63.4 years. A total of 270 
polypoid lesions were resected, consisting of 270 polypoid 
lesions (185 adenomas, 73 hyperplastic polyps, 1 juvenile 
polyp, 3 sessile serrated adenomas, and 8 CRC, each of 
which was an adenocarcinoma). The average age of CRC 
diagnosis was 63.9 years, and the ages ranged from 56 to  
68 years. There was a slight female predominance for CRC, 
with 5 out of 8 patients being female.

Polypoid lesions

Polypoid lesions are thought to consist of syndromic, 
mesenchymal, or epithelial categories (108). The syndromic 
polyps consist of the polyps that arise secondarily to 
inherited syndromes such as FAP, Cowden syndrome, or 
Cronkhite-Canada syndrome. The mesenchymal polyps 
can arise from tissues such as vascular tissue, smooth muscle 
tissue, neural tissue, and fat tissue, or a combination thereof. 
The epithelial polyps are the most commonly encountered; 
they consist of colonic adenomas, sessile serrated adenomas, 
and hyperplastic polyps. Each one of these epithelial 
polyps harbor neoplastic potential. The colonic adenomas 
can be subdivided based upon histological subtype into 
villous, tubulovillous, and tubular adenomas (108). In the 
patient population, 270 polypoid lesions were resected 
(185 adenomas, 73 hyperplastic polyps, 1 juvenile polyp,  
3 sessile serrated adenomas, and 8 CRC, each of which 

Table 1 Frequency of histological subtypes of adenoma in the 
patients vs. literature

Adenoma 
subtype

Frequency in the 
population (%)

Estimated frequency in 
literature (109) (%)

Tubular 76 80–86

Villous 5 3–16

Tubulovillous 19 8–16
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was an adenocarcinoma). The polypoid lesion localizations 
were 16 (5.93%) in the cecum, 39 (14.4%) in the ascending 
colon, 19 (7%) in the transverse colon, 26 (9.6%) in the 
descending colon, 98 (36.3%) in the sigmoid colon, and 
72 (26.7%) in the rectum. The majority (n=170, 63%) 

were located in the rectosigmoid region, one of the most 
common places for development of CRC.

Adenomas

Of the 270 polypoid lesions resected, 185 (68.5%) were 
colonic adenomas, subdivided into the tubulovillous, 
villous, or tubular histological characteristics (Table 1) (109). 
It is important to note that even though “sessile serrated 
adenoma” has adenoma in its name, it is not classified as 
an adenoma (89). Therefore, the ADR does not apply to 
the serrated lesions (110). The current discussion revolves 
around if serrated lesions should have a separate detection 
rate of 5% in the proximal colon (111). If proximal 
colon serrated lesion detection and ADR are correlated, 
there might need to be a new target established (112). 
Unfortunately, the histological distinction between sessile 
serrated polyps and hyperplastic polyps varies highly with 
the observer, making it an undesirable detection target (113). 
The ADR in the population was 57.1%; the adenoma per 
patient ratio was 1.13. Of the adenomas, 16 (8.6%) were 
in the cecum, 33 (17.8%) were in the ascending colon, 16 
(8.6%) were in the transverse colon, 22 (11.9%) were in the 
descending colon, 71 (38.4%) were in the sigmoid colon, 
and 27 (14.6%) were in the rectum (Table 2). Altogether, 98 
(53%) of the adenomas were located in the rectosigmoid 
region. The colonic adenomas were also characterized 
based upon their histological subtypes and the degree of 
their dysplasia [high-grade dysplasia (HGD) or low-grade 
dysplasia (LGD)]. A total of 135 (73%) of adenomas were 
tubular LGD, 7 (~4%) were villous LGD, 25 (~13.5%) were 
tubulovillous LGD, 6 (~3%) were tubular HGD, 3 (~2%) 
were villous HGD, and 9 (~4%) were tubulovillous HGD.  

CRCs

The average age of CRC patients in the population was  
63.9 years. The age ranged from 56 to 68 years. The 
incidence of CRC was of 8 out of 168 colonoscopies or 
4.76%. Of the 8 CRC detected, each of them was an 
adenocarcinoma. Of these 8 adenocarcinomas, 6 were 
located in the rectosigmoid region and 2 were located 
proximally in the splenic and hepatic flexures. The lowest 
age for diagnosis of CRC was 56 years (male patient). 
The oldest age for diagnosis of CRC was 68 years (female 
patient). The CRCs showed a slight female predominance: 
5 of 8 were females; the remaining 3 were males.  

Table 2 Adenoma localizations in the population

Location Adenoma subtype and dysplasia, n (%)

Cecum 16 (8.6)

Tubular LGD 14 (7.6)

Tubulovillous LGD 1 (0.5)

Tubular HGD 1 (0.5)

Ascending colon 33 (17.8)

Tubular LGD 27 (14.6)

Tubulovillous LGD 6 (3.2)

Transverse colon 16 (8.6)

Tubular LGD 14 (7.6)

Tubulovillous LGD 1 (0.5)

Villous HGD 1 (0.5)

Descending colon 22 (11.9)

Tubular LGD 19 (10.3)

Tubular HGD 1 (0.5)

Tubulovillous LGD 1 (0.5)

Villous HGD 1 (0.5)

Sigmoid colon 71 (38.4)

Tubular LGD 46 (24.9)

Tubulovillous HGD 6 (3.2)

Tubulovillous LGD 12 (6.5)

Villous LGD 6 (3.2)

Tubular HGD 1 (0.5)

Rectum 27 (14.6)

Tubular LGD 15 (8.1)

Villous HGD 1 (0.5)

Tubulovillous HGD 3 (1.6)

Tubulovillous LGD 4 (2.2)

Tubular HGD 3 (1.6)

Villous LGD 1 (0.5)

LGD, low-grade dysplasia; HGD, high-grade dysplasia. 
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Quality indicators for colonoscopy

I observed 4 intraprocedural colonoscopy quality indicators 
selected from the ASGE guidelines. For all 4 of the 
indicators, the colonoscopies performed in the Semmelweis 

clinic superseded the selected benchmark criteria (Table 3). 

The “Frequency of Bowel Preparation Adequacy” indicator 

was determined by using studies on the BBPS, one of the 

most widely recognized and validated tools to assess bowel 

Table 3 Quality indicators of our center vs. recommended benchmarks

Quality indicator Our results Proposed benchmarks (ASGE) Strength of recommendation

ADR (in patients) Males: 58%; females: 55.2%;  
total ADR: 57.1%

Males: >30%; females: >20%;  
total: >25%

1C (ASGE)—clear benefit (90)

Cecal intubation rate ~98% >95% 1C (ASGE)—clear benefit (90)

Withdrawal time ~10.8 minutes ≥6 minutes 2C (ASGE)—unclear, alternative 
approaches may be better (90)

Frequency of bowel  
preparation adequacy

~87% [average bowel prep score  
of 6.6 (2+2.3+2.3)]

≥85% 3 (ASGE)—expert opinion, unclear 
benefit (90)

ASGE, American Society for Gastrointestinal Endoscopy; ADR, adenoma detection rate. 

Table 4 Number of colonoscopies performed 

Examiner Number of colonoscopies performed

1 15

2 30

3 37

4 17

5 12

6 27

7 30

The examiners were ranked given a numerical value from 1–7, 
ranging from 1 being the least experienced to 7 being the most 
experienced (30+ years of experience).

Table 5 Total number of polypectomies

Examiner Total number of polypectomies

1 13

2 38

3 66

4 29

5 30

6 52

7 42

The examiners were ranked given a numerical value from 1–7, 
ranging from 1 being the least experienced to 7 being the most 
experienced (30+ years of experience).

Table 6 Adenomas resected

Examiner Adenomas resected

1 10

2 20

3 48

4 25

5 21

6 35

7 26

The examiners were ranked given a numerical value from 1–7, 
ranging from 1 being the least experienced to 7 being the most 
experienced (30+ years of experience).

Table 7 Adenoma detection rate

Examiner Adenoma detection rate (%)

1 40

2 46.6

3 72.2

4 52.9

5 66.6

6 66.6

7 46.6

The examiners were ranked given a numerical value from 1–7, 
ranging from 1 being the least experienced to 7 being the most 
experienced (30+ years of experience).
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preparation. The latest research states that a BPPS of 6 in 
total and all segment scores ≥2 is adequate preparation for 
follow-up at regular screening intervals (105). The average 
bowel preparation score of 6.6 and average of the segments 
greater than 2 signify that bowel preparation reached these 
defined standards. Regarding the cecal intubation rate: 84 of 
the colonoscopies reached the terminal ileum, 80 reached the 
cecum, 1 reached the sigmoid, 2 reached the hepatic flexure, 
and 1 did not go appreciably far. Therefore, 164 out of the 168 
reached the cecum, making around a 98% cecal intubation 
rate. 

Examiner performance

There were 7 different endoscopists of varying experience 
who performed colonoscopy (Tables 4-9). It is important to 

note that in order to be qualified to perform the screening 
colonoscopy, a total of 500 colonoscopies for any indication 
must have been performed. The examiners were ranked and 
given a numerical value from 1 to 7, with 1 being the least 
experienced and 7 being the most experienced (30+ years 
of experience). The ADR for the colonoscopists ranged 
from 40% to 72.2% and did not seem to correlate with 
experience. However, all of the colonoscopists reached the 
benchmark ADR of >25% set by the ASGE.

Discussion

CRC is a major cause of morbidity and mortality 
worldwide. This is exemplified in the country of Hungary, 
where in 2018 the incidence and mortality of CRC 
according to GLOBOCAN data was among the highest 
in the world. This is disheartening because CRC is a 
neoplasm that can be screened: there are various screening 
modalities that exist and have been proposed as viable 
alternatives for each other by organizations such as the 
USPSTF. According to a publication in 1968 by Wilson 
and Junger called “The Principles and Practice of Screening 
for Disease”, 10 principles should be taken into account 
when making a decision to screen for a disease: (I) the 
disease should be an important health problem; (II) the 
natural history of the condition must be understood, 
specifically, from latent to symptomatic phase; (III) there 
should be a recognizable latent and symptomatic phase; 
(IV) there should be a suitable test or examination; (V) 
the test should be acceptable to the population; (VI) there 
should be an agreed policy on whom to treat as patients; 
(VII) there should be an accepted treatment for patients 
with recognized disease; (VIII) facilities for diagnosis and 
treatment should be available; (IX) the cost of case-finding 
should be economically feasible compared to expenditure 
on the medical field as a whole; (X) case-finding should be a 
continuing process and not a “once and for all” project (114).  
CRC meets most of the criteria due to the burden of the 
disease globally, the long asymptomatic phase required 
for transformation, the recognizable precursor lesion 
of the adenoma, and the treatment options available; all 
of which were outlined previously. Screening for CRC 
has many different modalities, but the sensitivity of 
endoscopic methods is unquestionably superior to that of 
the others. The different screening methods differ also 
in their specificity, invasiveness, and required screening 
frequency, making the acceptance to the public different 
for each procedure (87). Thus, the proper choice for a 

Table 8 Number of high-grade lesions detected

Examiner Number of high-grade lesions detected

1 2

2 1

3 7

4 0

5 2

6 1

7 2

The examiners were ranked given a numerical value from 1–7, 
ranging from 1 being the least experienced to 7 being the most 
experienced (30+ years of experience).

Table 9 Number of carcinomas detected

Examiner Number of carcinomas detected

1 0

2 0

3 4

4 1

5 0

6 2

7 1

The examiners were ranked given a numerical value from 1–7, 
ranging from 1 being the least experienced to 7 being the most 
experienced (30+ years of experience). 
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screening program requires technical as well as practical 
considerations for its implementation. The hallmark of a 
good population-based screening program will take into 
account the well-documented “triple aim” in healthcare: 
improving the health of the population, reducing the per-
capita cost of the screening, and optimizing the experience 
of care.

CRC screening test compliance

Participation in screening programs varies markedly in 
population-based screening programs and randomized 
controlled trials. Some factors that are implicated with 
disparity in the participation of CRC screening programs 
include gender inequalities, socioeconomic inequalities, 
residence, employment and education, wealth, and  
ethnicity (115). Compliance with screening programs is also 
highly dependent on the acceptability to the population (116).  
The participation in screening for CRC is relatively low 
compared to other screening tests for other diseases such 
as prostate or cervical cancer (117). The general consensus 
with CRC screening is that it is efficacious, and its 
implementation in an organized way is recommended (87).  
The early programs for screening in Hungary were 
implemented in selected counties and the results have 
since been published (118). The regulatory authorities in 
Hungary have decided to use the “2-step” process of CRC 
in accordance with European guidelines. This is in contrast 
to the alternative guidelines to a “1-step strategy” of just 
screening colonoscopy, where prevention and therapeutic 
intervention can be performed simultaneously (119). The 
conflict between these two standpoints have stagnated the 
implementation of population-based screening in Hungary. 
Substantial reductions in mortality can be manifested 
through organized screening, though the crux of the 
problem is with the participation of the population with the 
offered screening program. Due to this, it is likely that in 
the study, the ADR was markedly increased because of the 
lack of organized screening in the Hungarian population.

1-step screening versus 2-step screening

Each screening test has its strengths and weaknesses. 
Colonoscopy is more uncomfortable on average than 
other CRC screening tests. Almost all of the patients that 
undergo colonoscopy find the preparation of the bowels 
to be more uncomfortable than the procedure itself (120).  
The reason for this is that during the procedure the 

patient is sedated, and they experience unfavorable 
side-effects of the medications used for the procedure. 
Additionally, colonoscopy incurs significant costs due to the 
equipment used; it requires a skilled operator, and quality 
colonoscopies have shown to be time-consuming (121).  
Meanwhile, colonoscopy has to be performed less 
frequently—every 10 years in average-risk individuals. Some 
poorer countries could potentially have limited capacity for 
colonoscopy. In Hungary, this situation is likely the case, as 
well as the population’s participation being influenced by 
psychological, behavioral, and cognitive factors (122). The 
FIT may be a better alternative for mass-screening. It is 
less complicated to perform than colonoscopy, noninvasive, 
and only requires biannual examination at most. Despite 
being of less sensitivity, mass screening using an FIT is an 
evidence-based alternative, with referral to colonoscopy (the 
gold standard screening test) if positive. The participation 
rate for the 2-step screening program according to a pilot 
screening program conducted in 2015 in Csongrad County, 
Hungary recorded a participation rate of 47.3%, which 
was lower than the expected 65% (123). However, the 
participation for colonoscopy after a subsequent positive 
test reached 90.1%, achieving the anticipated value (123). 
This can imply that the greatest difficulty is to elicit the 
cooperation of the eligible population, but once health-
conscious, the motivation to attend may increase. For the 
population, the 7 different endoscopists were situated in 
different clinics affiliated with the university; a limitation 
was that the data for participation rate and compliance 
with colonoscopy was not recorded as it was a voluntary 
screening program with no active study recorded at the 
time. Nevertheless, the “1-step” screening strategy seems 
less desirable for population-based screening in Hungary 
because of the low attendance rate and the limited capacity 
for colonoscopy, among other factors. 

Cost-effectiveness of screening

A recent meta-analysis of the cost-effectiveness of various 
screening methods that were listed in the USPSTF 
Guidelines showed that FIT, flexible sigmoidoscopy every  
5 years with a sensitive FIT, and colonoscopy are reasonably 
cost-effective strategies for CRC screening (124). In 
Hungary, the population-based voluntary cancer screening 
program introduced in December of 2018 underwent cost-
benefit analysis projected to the year of 2050 (125). The 
study showed that under the current screening regimen, 
the Hungarian population would benefit modestly with 
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a reduction in mortality of about 6.2% compared to no 
screening at all (125). Increasing the invitation coverage 
for the population using pharmacies instead of general 
practitioners or improved computerized systems reduced 
the morality by up to 16.6%. The scenarios have shown 
cost-benefit ratios of up to 8,000–8,700 Euros per life-
years gained, depending on the adherence of the population 
to the guidelines (125). A study conducted in Portugal 
compared FIT to colonoscopy for cost-effectiveness, 
and it showed that above a participation rate of 55%, the 
FIT is more acceptable than a colonoscopy price above  
100 Euros. Participation rates of over 63% showed that the 
FIT will provide even more quality life years than that of 
colonoscopy at a lower price (126). This concurs with the 
recommendations of the USPSTF of a 60% participation 
rate (127). The 60% that participate must reach at least 
80% participation for the colonoscopy. Long-term statistics 
from the US have shown that compared to no screening, 
cost effectiveness with any of the common methods varied 
between 10,000 and 25,000 dollars per life year saved (128). 
In Csongrad County in Hungary, despite the participation 
rate of 47.1% in the 2-step screening program and a 
colonoscopy participation rate of 57%, the study ruled that 
the 2-step screening program is still “beneficial in every 
considerable aspect” (86).

Population outreach

To increase screening rates, many healthcare systems can 
conduct what is known as population outreach. This refers 
to the provision of necessary health services and information 
to communities that might not otherwise have access. An 
organized, population-based outreach has been shown to 
increase CRC screening participation rates and adherence 
in diverse and underserved patient populations (129,130). 
This entails large-scale cooperation and multicomponent 
interventions at the level of the government, the health 
system, the provider, and the patient population. The study 
in Csongrad County recorded suboptimal participation with 
its respondents for reasons such as unfamiliarity with CRC 
screening (53.3%) and the absence of participation in CRC 
screening previously (68.8%). However, in the case that a 
physician or reputable health authority suggested screening, 
the general attitude changed such that the majority (81%) 
of the respondents were amenable (131). This can imply 
that two important factors in the Hungarian population 
that contribute to low screening adherence are the lack 
of availability of health information and the lack of CRC 

awareness. These premises are corroborated by similar 
studies in underserved populations (132,133). By increasing 
the population coverage for screening invitations in 
Hungary using a pharmacy or computerized systems, CRC 
morality is estimated to reduce by up to 16.6% by 2050 
using the 2-step screening program. There were favorable 
cost-benefit ratios of up to 8,000–8,700 Euros per life-years 
gained (125). To supplement this information, there is well-
documented benefit for increasing CRC screening rates 
with mailed FIT outreach (134-138). An analysis comparing 
2 mailed outreach strategies (FIT kits versus colonoscopy 
invitations) from a randomized clinical trial implied that 
mailed FIT kits had a lower 10-year average per-person cost 
($1,139) compared to colonoscopy invitations ($1,725) (139). 
In another randomized control trial, FIT outreach had 
significantly higher screening rates than that of colonoscopy 
outreach; when the results were stratified, screening rates 
were higher for any form of outreach compared to usual 
care (138). Therefore, in the context of resource limitation 
and limited capacity for colonoscopy such as in Hungary, 
the mailed FIT may be the preferred strategy as it pertains 
to the 2-step program. The principle downside is that there 
may be fewer reported months of screening compliance 
and advanced neoplasia detected (139). However, the 
gap of screening compliance may be mitigated through 
personalized outreach via texts and telephone calls for 
non-responders, which has been shown to further increase 
participation rates (129). Although increasing population 
health literacy may also contribute to increased screening 
rates, the long-term benefits are not as well-characterized 
and well-known as population outreach. It is evident that 
frequent exposure to CRC screening via population outreach 
is correlated with increased screening participation (140).  
Undoubtedly, further studies are warranted as it relates 
to the feasibility and sustainability of the 2-step screening 
program in the Hungary.

Conclusions

The data has shown a markedly high rate of polyp and CRC 
detection in this Hungarian subpopulation. Hungary would 
benefit from continued implementation of the voluntary 
population-based screening program introduced in 
December of 2018. It would be beneficial and cost-effective 
in the long term. Specifically, an organized population-
based screening program based upon the principle of 
the 2-step screening method of annual or biannual FIT 
followed by colonoscopy if positive is optimal. It would 
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bring about significant reductions in CRC morbidity and 
mortality, which in Hungary are among the highest in 
the world. This alternative is proposed in lieu of 1-step 
screening because of the limited capacity for colonoscopy 
as well as low health literacy and limited participation 
rates in CRC screening. The screening program should be 
coordinated so that more invitees are exposed to screening, 
and the participation rate must be optimal (>60%) with 
80% or greater of non-negative tests participating in 
colonoscopy to reach the maximum cost-benefit. This 
could potentially be achieved through population outreach 
combined with education on the importance of CRC 
screening, general health, and advertisement. Extensive 
coordination of members of the health system together 
with systemic organizational change and multicomponent 
intervention is needed to address this health concern in 
Hungary. Consolidation and distribution of the screening 
program will potentially increase participation rates and 
subsequently lead to a larger decrease in mortality from 
CRC in Hungary. Further studies are warranted as it relates 
to the feasibility and sustainability of the 2-step screening 
program in the Hungarian population.
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