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ABSTRACT

Background: Colorectal cancer is one of the most commonly diagnosed types of cancer worldwide. An early diagnosis and detection of
colon cancer and polyp can reduce mortality and morbidity from colorectal cancer. Even though there are a variety of options in screen-
ing tests, the question remains on which test is the most effective for the early detection of colorectal cancer. In this prospective study,
we aimed to develop a simple, useful, effective, and reliable scoring system to detect colon polyp and colorectal cancer.

Methods: We enrolled 6508 subjects over the age of 18 from 16 centers, with colonoscopy screening. The age, smoking status, alcohol
consumption, body mass index, polyp incidence, polyp size, number and localization, and pathologic findings were recorded.

Results: The age, male gender, obesity, smoking, and family history were found as independent risk factors for adenomatous polyp. We
have developed a new scoring system which can be used for these factors. With a score of 4 or above, we found the following: sensitivity
81%, specificity 40%, positive predictive value 25.68%, and negative predictive value 89.84%, for adenomatous polyp detection; and
sensitivity 96 %, specificity 39%, positive predictive value 3.35%, negative predictive value 99.29%, for colorectal cancer detection.
Conclusion: Even though the first colorectal cancer screening worldwide is generally performed for individuals over 50 years of age, we
recommend that screening for colorectal cancer might begin for those under 50 years of age as well. Individuals with a score > 4 must
be included in the screening tests for colorectal cancer.
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INTRODUCTION

Colon cancer is one of the most frequently occurring
cancers and the third leading cause of cancer deaths in
the world." It is an important health problem and a major
cancer which is associated with morbidity and mortality.
With the development of effective screening programs,
colorectal cancer (CRC) incidence and mortality rates
have been significantly reduced in people aged 50 and
over. On the contrary, in adults under 50 years of age, the
incidence and mortality rates of CRC have increased.?

Several studies have demonstrated an increase in CRC
rates in individuals under the age of 40. Therefore, the
issue has become one of crucial importance. Recently,
Siegel et al® reported that CRC in patients under 45 years
of age accounts for approximately 4% of all cases of CRC,
and they also showed that CRC incidence rates increased
by 22% from 2000 to 2013 among adults aged under
50 years. A different study proposed that CRC death
rates also increased by 13% in those aged below 50 years.
In addition, several studies about CRC projections for
2030-2035 have remarked that the rate of occurrence
of CRC will almost double in young people from the
age of 20.* According to the National Cancer Database,
Dennis et al. showed that prognosis was worse in ado-
lescent and young adult patients with stage IV colorectal
cancer compared to adult patients. Early-onset CRCs are
more likely to occur in the distal colon or rectum, which
are poorly differentiated, have mucinous and signet ring
features, and present at advanced stages.®

In light of these studies, CRC screening is important, par-
ticularly in young adults, since its efficiency in reducing
CRC-related mortality has been proven. Even though
there are a variety of options in screening tests, such as
the fecal immunochemical test (FIT), the FIT-fecal DNA
test, virtual colonoscopy, and colonoscopy,®° the question
remains in determining the most efficient screening test
for early detection of CRC. Each screening method has
both advantages and disadvantages. Patient education

Main Points

According to our new scoring system, screening for colorec-
tal cancer may start at age 45 in patients with a Turkish
Colorectal Cancer and Polyp Study Group score (TCS) over 4.
The national colorectal cancer screening program may be
rearranged in the light of new multicenter community-
based studies.

about screening tests, test characteristics (accuracy,
degree of invasiveness, test preparation, required screen-
ing interval, and cost), and the clinician's recommendation
may affect preferences. Patient preference is an impor-
tant parameter, and although the choice of test must be
predicated on high-quality screening test options that are
accessible to the patient, there must be access to follow-
up colonoscopy if it is needed. Therefore, we need a non-
invasive and effective screening test.

Many studies have illustrated the increased occur-
rence of CRC in adults. To outline the extent of cur-
rent understanding, explore potential risk factors such
as obesity, alcohol, and sedentary lifestyles, and to
identify the questions remaining, are the issues to be
addressed.'®'" Environmental factors and genetic factors
can be remarkably significant in young adults with CRC.

In this prospective study, using a multi-center database,
we aimed to develop a simple, useful, effective, and reli-
able scoring system to detect colon polyp and CRC. In
addition, the objective of this research is to evaluate the
capability and accuracy of our new simple scoring system
for detecting CRC.

MATERIALS AND METHODS

Study Participants

This prospective study was conducted from September
2016 to September 2017 at 20 different gastroenterology
departments. The study was performed in accordance
with the guidelines of the Declaration of Helsinki and writ-
ten informed consent was obtained from all study partici-
pants before study enrolment. All analysis was evaluated
from prospective files and colonoscopy and pathological
examination results. Firstly, we sent the study forms to
20 different centers. However, 4 of the centers did not
meet the requirements of the study’s procedures, and
therefore, their data were excluded from the study. Thus,
the present study collected data from 8000 patients from
16 centers. Data from 1492 subjects were not included
in this study owing to the lack of pathological examina-
tion and patients’ information, and only the data collected
from 6508 subjects were analyzed in this study. The par-
ticipants completed the questionnaire regarding their age,
sex, family history of CRC, alcohol and smoking status, and
BMI. Pathological examinations were divided as hyper-
plastic polyp, adenomatous polyp, and serrated polyp.
Colon cancer was defined by endoscopic and pathologic
examination. Colonic neuroendocrine tumors were not
included in this study. Smoking status was calculated
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as pack years. Alcohol consumption was classified as no
alcohol, mild alcohol (20 g/day), moderate alcohol con-
sumption (20-50 g/day), and severe alcohol consumption
(> 50 g/day). BMI index was calculated as a weight/height
kg/m?). Subjects were classified as being overweight if
the BMI was 27 or above and of normal weight if BMI was
18 or above, but below 25. Colon polyp size, colon polyp
region, and colon polyp number were recorded.

Inclusion Criteria

Subjects who visited the gastroenterology clinic were eli-
gible for enrolment. The participation criteria included the
following: males and females aged over 18 years, availabil-
ity of informed consent forms, and asymptomatic status
(subject showed no lower gastrointestinal symptoms,
including of lower gastrointestinal tract bleeding, change
in bowel habits, or unexplained anemia or weight loss).
Moreover, we included individuals older than 50 years
with familial history or non-specific abdominal symptoms
such as bloating, abdominal pain not related to cancer,
and patients with a positive fecal occult test.

Exclusion Criteria

A history of colonic diseases that might increase the
risk for colorectal cancer (including colorectal neoplasm
or inflammatory bowel disease), CRC screening test
or examination of the colon (e.g., colonoscopy, barium
enema, or computed tomography or magnetic resonance
imaging of the colon, severe premorbid illnesses which
may increase the risk of colonoscopy, for example, car-
diopulmonary insufficiency, history of colorectal surgery,
and any contraindication for colonoscopy). Each partici-
pant was informed that they would eventually undergo
verification colonoscopy.

Colonoscopy and Colorectal Neoplasms

All the examining endoscopists were blinded to the
detailed history of the patients. To ensure the quality of
colonoscopy, we asked all the study sites to perform split-
dose or same-day bowel preparation and spend more
than 6 minutes during scope withdrawal. Colonoscopy
findings, including neoplastic and non-neoplastic lesions,
and the size and location of the detected lesions were
recorded in a standard form.

Turkish Colorectal Cancer and Polyp Study Group

Score (TCS)

Based on the TCS scoring system, the age, gender, family
history of colon cancer, BMI, smoking status, and alcohol
status were included in this analysis When we developed

the simple scoring system to detect colorectal neoplasm
and adenomatous polyp, different age groups were cre-
ated: under 40, between 40 and 50, and above 50. After
univariate analysis, we assigned some points to every age
group. Male gender was set as 2 points, family history of
CRC as 1 point, BMI above 30 as 2 points, and smoking
status higher than 20 pack years was 2 points (Table 1).
We made the calculation using the logistic regression
analysis, and TCS scores were found to be 4 points and
above.

Statistical Analysis

Numeric data are expressed as mean and SD, and cat-
egorical data are shown as number and proportion. The
TCS scores of all study participants were calculated based
on their age group, gender, family history of CRC in a first-
degree relative, smoking history, and BMI. The 3 preva-
lent categories of colon polyps are adenoma, hyperplastic
polyp, and serrated polyp. TCS points were calculated in
association with the Asia-Pacific Colorectal Screening
(APCS) score for risk groups and were compared among
the groups. Numeric variables were compared with inde-
pendent sample t-tests, and categorical variables were
compared with y?tests or Fisher's exact test. We developed
the TCS system with univariate analysis, logistic regression
analysis, and multiple modeling tests. The reported P val-
ues were for two-sided statistical tests and a P value < .5

Table 1. Turkish Colorectal Cancer and Polyp Study Group Score

Age (years)

40-45 1

45-50

50 and over 4
Gender

Female 0

Male 1
Smoking

No smoking 0

20-30 pack years 1

30 pack years 2
BMI

<30 0

>30 1
Family history

No history 0

Positive 1
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was statistically significant. Statistical analysis was per-
formed using the Statistical Package for Social Sciences
(SPSS) version 17.0 software (SPSS Inc.; Chicago, IL, USA).

RESULTS

Study Population

A total of 6508 subjects from 16 sites were included in
this study. The mean age of the study subjects was 53.9 +
13.4 years, and 47.4% patients were males (50.9%). When
we evaluated the smoking status, we categorized them as
3 different types: 37% of the patients were occupational
smokers, 23% of the patients were active smokers, and
14% of the patients had ceased smoking, in all study pop-
ulations. The smoking-exposed patients, both those who
were active and those who had quit smoking, were divided
into 2 groups based on pack years. Of these, the smoking
status of 53% of the patients in this group was 20 pack
years. Alcohol consumption was 8.3% in all populations,
of which 63% reported moderate and heavy alcohol con-
sumption. Average BMI was 27.4 + 4.8, and 26% of the
patients had a BMI > 27 kg/m?2. Fourteen percent of the
patients reported a family history. The demographic data
(smoking consumption, alcohol intake, BMI, family history)
of the study population are shown in Table 2.

Polyp and CRC Frequency

Polyp frequency was 30.9% (adenomatous and others)
and CRC frequency was 2.3% in the study population. The
frequency of adenomatous polyps among all poly types
was 83.6%, 16.3% were hyperplastic polyps and 0.1%
were neuroendocrine polyps. The regions of polyp detec-
tion were in the left colon (64 %), the right colon (20%),
and both left and right colon (16%). CRC was detected
in the left colon (73%) and in the right colon (27%). With
regard to gender, colon polyp frequency in male patients
was found to be 37% and it was 27% in female patients
(P <.001). CRC frequency was 3.8% in male patients and
1% in female patients. (P < .001). We also detected that
adenomatous polyp occurred more frequently in the male
patients compared to the female patients (86% in male,
80% in female, P = .035). CRC and colon adenomatous
polyp frequency increased with increase in age (Figure 1).

Regression Analysis

Male gender, age group (40 years), BMI >30 kg/m?, fam-
ily history, alcohol consumption, and smoking (<20pack
years) were included in the logistic regression analysis.
Risk factors other than alcohol were considered indepen-
dent risk factors in terms of adenomatous polyp.

Table 2. Demographic Findings

Variables Results
Male/female (%) 47.4/52.6
Age (years) 53.9+13.4
Smoking status (%)

No smoking history 63

Smoking-exposed 37

Active smoking 23

Smoking cessation 14
Alcohol status (%)

Absence of alcohol history 91.7

Presence of alcohol history 8.3

Mild alcohol consumption 3.2
Moderate-heavy alcohol consumption 5.1
BMI, (kg/m?) 274+ 438

Familial history (%) 14.5
CRC (%)
Frequency 2.4
Localization
Left colon 73
Right colon 27
Colon Polyp (%)

Frequency 30.9
Adenomatous polyp 83
Hyperplastic polyp 16
Serrated polyp 1

Localization

Left colon 64

Right colon 20

Both left and right colon 16
ROC Analysis for Age

When we assumed 50 years as a cut-off age, adenomatous
polyp detection showed 73% sensitivity and 39% specific-
ity. Furthermore, when we assumed age of 45 years as a
cut-off age, we found 85% sensitivity and 41% specificity.
However, we assumed that for the age of 40, specificity
decreased significantly; sensitivity was 92% and specificity
was 18%. Therefore, adenomatous polyp detection started
at age 45. We detected similar results in CRC; for the
age 50 it was 89% sensitive, with 36% specificity. If the
stated age was 45 for colonoscopy screening detection for
adenomatous polyp, specificity insignificantly changed to
35%, but sensitivity was significantly higher, at 94%.
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ROC curve for age in colon adenomatous polyp group
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Figure 1. Receiver operating characteristic (ROC) curves for age in detecting colon adenomatous polyp and colorectal cancer.

New Scoring System

Age is considered as an important factor in CRC and
polyp screening, but age is not the only risk factor in polyp
and CRC (ROC analysis shows Figure 1) Male gender, age
(40 years), BMI (>30 kg/m?, family history and smoking
(<20 pack years) are also important factors in polyp and
CRC occurrence. We devised a new scoring system for
adenomatous polyp detection. These factor points are
presented in Table 1. A score greater than 4 in adeno-
matous polyp detection indicated 81% sensitivity and
40% specificity. Odds Ratio: 2.3, 95% CI (2.3-3.6), P <
.001. Positive predictive value: 25.68% (Cl: 24.79-26.60).
Negative Predictive Value: 89.84% (Cl: 88.0-91.3). For
CRC, the sensitivity was 96% and specificity 39%. Odds
Ratio: 10.1,95% CI (3.7-27.8), P <.001. Positive predictive
value: 3.35% (Cl: 3.11-3.59%). Negative predictive value:
99.29% (98.63-99.63%) (Figure 2).

We suggest that based on our scoring system, which is set
as 4 points or above, physicians should screen carefully
for colon polyp and colon cancer for every age group of
patients if they have these conditions.

DISCUSSION
In this multi-center prospective study, we found that male
gender, age, BMI, family history and smoking history, were

independent risk factors for detecting colorectal neopla-
sia and polyp. Moreover, we also showed that a TCS score
higher than 4 points is a reliable and successful indica-
tor of CRC and colon polyp. The results of this study indi-
cate that our scoring system is more useful and reliable
for early colorectal polyp and cancer detection. Moreover,
if subjects had more than 4 points according to our new
scoring system, we strongly suggested that colonoscopy
examination may be applied earlier than the age of 45.
Other risk factors of smoking and BMI play an important
role in colorectal cancer screening programs. Not all sub-
jects have similar risk factors because each subject has
individual risk factors as well. The exact age and family
history are important, but they are not the only significant
factors to initiate colon polyp and cancer screening.

Recent studies have shown that the age for colon polyp
and cancer screening should be 45 years, due to the
increasing rate of colorectal cancer. In a paper which
was published in 2018 by the American Cancer Society
(ACS), it was suggested that colorectal cancer screen-
ing would begin at the age of 50 for people who were in
the average risk group.'? After this report, ACS updated
the recommendation by stating that adults aged 45 and
older with an average risk of CRC should undergo regu-
lar screening. However, in 2017, the ASGE presented in
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Figure 2. Receiver operating characteristic (ROC) curves for TCS score > 4 in detecting colon adenomatous polyp and colorectal cancer.

the guidelines that screening should begin at age 50 in
average-risk persons, apart from African Americans from
whom limited evidence supports screening at 45 years
of age."”® In addition, CRC incidence is rising in persons
under 50 years of age, and thorough diagnostic evalua-
tion of young persons with suspected colorectal bleeding
is recommended. A considerable amount of literature has
been published on early-onset CRC. The first serious dis-
cussions and analyses of CRC rates emerged in the 25th
UEG Week Barcelona. Authors claimed that “The screen-
ing for colorectal cancer should begin at the age of 45."
In the 2017 UEG congress, these authors suggested that
colorectal screening should begin at the age of 45 years
since they found colorectal cancer rate in individuals aged
40-45 years of age to be 8% higher compared to those
50-55 years of age. Our study concluded that colonos-
copy examination for colon polyp and cancer detection
should be initiated at least from 45 years of age. When
age alone was taken into consideration as a risk factor for
colon polyp and cancer, we showed that the ROC values
for those who are 45 years old and 50 years old are simi-
lar. We demonstrated that sensitivity rate was better in
people aged 45 compared to the ones aged 50. We also
showed that the incidence rate of colon polyp and colon
cancer would begin to increase at the age of 45.

The age may be the important indicator for starting
to screen for CRC and polyp, but not the sole factor.
A number of studies have shown that various factors
including family history, obesity, smoking, and gender
are also among the reasons causing colon polyp and can-
cer.'*'® QObesity is a well-known major health problem
worldwide. It is related to several types of cancer. In the
literature, many authors have shown a positive association
between obesity and colorectal cancer.'”'*2° There are
several responsible mechanisms that can help to explain
the association between BMI and colorectal neoplasm.
Obesity-related disorders including metabolic syndrome,
insulin resistance, and high serum adipocytokine levels
may play a role in the progression of CRC.2"?2 Indeed, BMI
may be associated with early-onset colorectal neoplasm,
Sanford et al?® suggested that BMI is associated with
younger age at diagnosis of colorectal cancer. In our study
we showed that BMI is an important factor for colorectal
neoplasia and adenomatous polyp. We also demonstrated
that obesity rate in patients with CRC and colon polyp
were higher than those patients without colon cancer or
polyp. Furthermore, BMI >30 is independently associated
with colon polyp and cancer. Reviewing the literature,
some studies have reported a close relationship between
smoking and moderate to high intake of alcohol.?*?" In
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this study, we showed a chart of smoking habits, espe-
cially heavy smoking status, to be a risk factor for CRC
and polyp. However, we have found no significant corre-
lation between alcohol consumption and adenomatous
polyp and CRC. We used logistic regression analysis to
assess the association between the risk factors and CRC.
Obesity (BMI >30), smoking habits (>20 pack years), and
male gender are independent risk factors for CRC and

polyp.

Some authors needed to use simple screening tests
to determine the relationship between environmen-
tal risk factors and colorectal cancer. The Asia-Pacific
Colorectal Screening (APCS) score based on age, gen-
der, family history, smoking, and BMI is a useful tool in
stratifying asymptomatic Asian people.2® Although the
APCS scoring system is a non-invasive test, it has sev-
eral limitations, the most significant being that the study
included only patients older than 50 years. As it is known,
the guidelines recommend screening for CRC for those
older than 50 years. There is no information recommend-
ing how the screening is done in young adults below
50 years. Some guidelines recommend 45 years of age
as sufficient to begin for screening. Overall, these stud-
ies highlight the need for screening methods for young
adults. However, no previous study has investigated
young adults. Colonoscopy is still the gold standard for
diagnosing colorectal neoplasms and it also prevents CRC
by removal of adenomas during the procedure. A recent
study used modeling to estimate that 29400 cases of
CRC could be prevented during the next 5 years with
screening at 45 years of age but stated that it would cost
an incremental $10.4 billion, which is thought to be likely
cost-effective.® Therefore, we need simple screening
methods. Previous authors have developed scoring sys-
tems accounting for several risk factors.

Kaminski et al®® developed a scoring system using some
demographic features including age, sex, family history
of CRC, smoking, and body mass index to estimate the
likelihood of detecting advanced colorectal neoplasm.
Their scoring system only requires simple demographic
information, and includes individuals between 40 and
60 years old., which may be a limitation on its validity and
applicability. Nonetheless, despite its good discrimination
power, this scoring system divides people into 8 different
categories which was more complicated. Moreover, its
applicability has not been tested in the FIT-based screen-
ing scenario, which is the most popular in the Asia-Pacific
region. Another scoring system was also developed by
Tao et al®' In their scoring system, 9 risk factors (sex,

age, CRC family history, smoking, alcohol consumption,
red meat consumption, nonsteroidal anti-inflammatory
drug use, previous colonoscopy, and previous detection
of polyps) are included in the scoring to identify people
at risk for advanced colorectal neoplasms.! The strategy
of triaging people to go for colonoscopy or none in these
2 studies is distinct from our current study incorporat-
ing FIT as a screening option. The necessity of collecting
details on dietary habits or previous colonoscopy findings
may also cause recall bias.

In this study, we developed a new scoring system for early
detection of polyp and CRC. If the TCS score is 4 points
or above, we showed that for CRC and polyp detection,
sensitivity and specificity are higher than the age fac-
tor alone. For a score greater than 4 points, there is 81%
sensitivity and 40% specificity for adenomatous polyp
detection and 96% sensitivity and 39% specificity for
CRC detection. According to our new scoring system, for
patients over 50 years old, the sensitivity for CRC and
polyp detection is remarkably high.

The most important limitation is that this study is a mul-
ticenter study which sometimes may lead to discrepan-
cies in the colonoscopy findings between one center and
another due to endoscopists’ experience and the quality
of colonoscopy devices.

In conclusion, we showed that our point system is quite
simple and practicable compared to other scoring sys-
tems. We suggest that based on our scoring system,
which is set as 4 points or above, physicians should
screen carefully for colon polyp and colon cancer at
every age group, for individuals who meet the conditions.
In the future, large population-based studies are needed
to evaluate the reliability and accuracy of our scoring
system in early detection of CRC and polyp, especially in
young patients.
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