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INTRODUCTION 

Colorectal cancer (CRC) is one of the most frequently di-
agnosed malignancies worldwide, in both men and women. 

The highest incidence rates were registered in West Europe-
an countries (up to 51.2/100,000), Australia/New Zealand 
(36.9/100,000), and North America (31.5/100,000).1 However, 
according to the International Agency for Research on Cancer 
(IARC), in some Asian countries (e.g., Republic of Korea, Ja-
pan, Singapore), the incidence rate might be as high as that in 
Western Europe.2 In addition, a mortality rate of 17.3 cases per 
100,000 people is reported in Asia, which is higher than those 
in North America (10.1/100,000) and Australia (10.9/100,000). 
High mortality rates have been reported even in some Asian 
countries with relatively low incidences of CRC (Brunei, 
13.9/100,000; Armenia, 12.0/100,000; Malaysia, 11.2/100,000). 
Moreover, in recent years, there has been a steady increase in 
the incidence of CRC in the Asia-Pacific region.2 

According to the GLOBOCAN 2018 database, Kazakh-
stan has the highest incidence (15.4/100,000) and mortality 
(10.5/100,000) rates of CRC among the countries of South 
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and Central Asia.1 In Kazakhstan, CRC ranks fifth among all 
malignancies after breast, lung, cervical, and stomach cancers 
with more than 3,000 new cases registered annually. CRC is 
also the third most frequent cause of cancer related deaths 
after lung, breast, and stomach cancers with more than 2,000 
mortality cases in 2018.3 Over the past 10 years, the incidence 
of CRC in the country has increased from 21.9 to 25.0 cases 
per 100,000 people, and IARC expects further growth in in-
cidences over the next 20 years. Interestingly, lethal outcomes 
from CRC in the country have stabilized over the past decade 
(approximately 1,500 deaths per year).1,3

It is believed that slow-growing colorectal polyps precede 
the development of CRC, with the latter driven by multiple ge-
netic and epigenetic alterations.4 Such a transformation usually 
takes about 10 years, thus emphasizing the pivotal role of early 
detection of pre-malignant polyps.5

Screening for CRC and colonic polyps can be achieved by a 
fecal immunochemical test (FIT), conventional colonoscopy 
(CC), or computed tomography colonography (CTC). Screen-
ing with CC reduces the CRC death rate by 68%, with hem-
orrhage and perforation reported as the main complications 
in 0.3-3.2 and 0.1-2 cases per 1,000 studies, respectively.6,7 The 
Asia Pacific Working Group for CRC Screening recommends 
CC for screening only high-risk groups.8 The effectiveness of 
CC is reduced by contraindications to the test, its low availabil-
ity, and suboptimal participation of the population.9,10 

Analysis of the effectiveness of the CRC screening program 
in Kazakhstan for the first five years (from 2011 to 2015) 
showed a low adenoma detection rate (17%) and moderate 
population coverage with CC in the FIT-positive population 
(72.5%).11 Since 2011, the primary screening method for CRC 
in Kazakhstan is a FIT, followed by CC in positive cases.

Virtual colonoscopy or CTC has 88.8% sensitivity and 
75.4% specificity for the detection of CRC and adenomas larg-
er than 6 mm, with at least the same accuracy as CC.12 In ad-
dition, CTC has a lower radiation dose burden on the patient 
compared to barium enema (2.17±0.12 milliSievert [mSv] vs. 
4.12±0.17 mSv).13 Moreover, minimal invasiveness, safety, and 
shorter procedure time in comparison with CC are additional 
benefits of CTC.14,15 The US Preventive Services Task Force 
have included CTC as one of the primary CRC screening op-
tions.16 Furthermore, the European Society of Gastrointestinal 
Endoscopy and the European Society of Gastro-Abdominal 
Radiology recommend the use of CTC where there is no 
organized FIT-based population CRC screening program.17 
However, the Asia Pacific Working Group for CRC Screening 
does not recommend CTC as a primary screening tool, citing 
a weak evidence base in the region.8 

The main goals of this study were (i) to determine the de-

tection rate of CRC and colonic advanced adenoma (AA) by 
CTC in asymptomatic populations of a single geographic re-
gion in the country of Kazakhstan, (ii) to establish the value of 
CTC in the diagnosis of CRC and AA, and (iii) to investigate 
the association of colorectal adenoma and CRC with sociode-
mographic and health factors. 

MATERIALS AND METHODS

Study design and population
This single-center prospective observational study was ap-

proved by the local ethics committee, and informed consent 
was obtained from all participants. 

A minimum of 384 participants was required to achieve a 
study power greater than 95%, according to our sample calcu-
lation, which was based on a 25%-34% participation rate for 
CRC screening with CTC reported in a previous study.18

General practitioners (GPs) engaged in our study selected 
3,000 subjects who met the eligibility criteria by analyzing their 
medical records. The inclusion criteria were asymptomatic 
individuals aged 45-75 years with no personal history of CRC 
and/or colonic AA. The exclusion criteria included inflamma-
tory bowel diseases (e.g., Crohn's disease or ulcerative colitis, 
diverticulitis requiring treatment), pregnancy, previous colo-
noscopy, or CTC within five years prior to the study. Among 
3,000 eligible subjects, 1,200 residents of the Almaty region, 
including the city of Almaty (Kazakhstan), were selected using 
a computer-generated random allocation sequence. GPs sent 
invitation letters to all 1,200 selected individuals between June 
2016 and July 2019, inviting them to undergo CTC screening 
at the Kazakh Institute of Oncology and Radiology (Almaty, 
Kazakhstan), the leading tertiary cancer center of the country. 
The invitation letters comprised detailed information on CTC 
(including benefits and potential complications), and insti-
tution-based study-specific contact phone numbers for any 
questions and appointment schedules. 

Patient preparation and CTC exam
Colon cleansing was achieved by full cathartic preparation 

with polyethylene glycol (PEG)-based solution as described 
in a previous publication,19 but with no dietary restrictions. To 
tag residual fluid and stool, 20 mL of iodinated contrast agent 
was administered at least three hours prior to the examination, 
unless there was a medical contraindication. 

CTC was performed at the Kazakh Institute of Oncology 
on 64-slice CT scanners (Somatom Definition AS; Siemens, 
München, Germany and LightSpeed VCT; General Electric, 
Boston, USA) using a low-dose protocol (collimation 32×0.6, 
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pitch 1.4, rotation time 0.5 s, 120 kVp, 50 mAs) in the su-
pine and right decubitus positions. Colonic distension was 
achieved using an automatic insufflator (CO 2flow; Ulrich 
Medical, Ulm, Germany), with the degree of bowel distension 
assessed similar to the colon cleansing preparation. The Syngo 
VIA workstation (Siemens, München, Germany) was used for 
image processing, analysis, and clinical reporting. All CTC ex-
aminations were evaluated by two radiologists with three years 
of general CT experience and prior training in CTC, and two 
radiologists with >10 years and ≥200 exam reads in CTC. 

Analysis of CTC exams included a quick preview of a 
three-dimensional (3D) model of the colon, followed by the 
endoluminal fly through mode for primary search of colonic 
lesions with two-dimensional (2D) problem solving on the 
images obtained in both supine and right decubitus positions.

CTCs were considered positive if CRC or polyps >6 mm 
were present. Colorectal lesions were typically visualized as 
exophytic masses or focal colonic wall thickening. The size 
(average, based on 2D and 3D measurements), morphology 
(sessile, pedunculated, or flat), location of the lesion, and dis-
tance from the anorectal junction were recorded. All positive 
CTC cases were evaluated by CC and, if endoscopically con-
firmed, underwent surgery or endoscopic polypectomy/bi-
opsy; in all other cases, only endoscopy was offered. Relevant 
incidental extracolonic findings (ECF), such as vascular aneu-
rysms and extracolonic mass lesions, have also been reported.

Conventional colonoscopy
Two endoscopists with six and 11 years of CC experience 

performed all CC examinations after bowel preparation with 
or without a low-fiber diet and using 2 L of PEG solution. In 
cases of incomplete colonoscopy due to poor preparation or 
pain, a new appointment was scheduled. CC was considered 
complete if visualization of the surface of all colonic segments 
was achieved. For the best correlation, CC findings were de-
scribed in similar details and locations as in CTC. All detected 
lesions were either completely removed or biopsied for histo-
pathological analysis during the procedure. 

Pathology
Based on the histopathology, all colonic lesions were ade-

nomatous (with dysplasia grading and assessment of villous 
component), hyperplastic, hamartomatous, or carcinoma 
according to the World Health Organization classification.20 
Two experienced oncologic pathologists (with ≥10 years of 
experience) blinded to the CTC and CC results evaluated the 
specimens using standard methods of specimen sampling and 
handling, lesion characterization, and reporting.21 The size of 
the lesions was measured in millimeters in three dimensions 

using a ruler, with the largest measurement selected for the 
final report. 

Data analysis 
SPSS software (version 21.0; IBM Co., Armonk, NY, USA) 

was used for all statistical analyses. All calculations were 
two-sided with statistical significance set as a p-value of <0.05. 
Characteristics of participants and colonic lesions are de-
scribed as mean, standard deviation, and median values. The 
reliability of the results was assessed using the Mann-Whitney 
test and Wilcoxon test. Student’s t-test was used to compare 
variables between groups. Cohen’s kappa statistic was used to 
investigate the inter-rater agreement of lesion detection and 
characterization between radiologists, endoscopists, and pa-
thologists.

RESULTS 

Participants’ characteristics 
A total of 1,200 individuals (612 females, 588 males), aged 

45 to 75 years, were invited to participate in the study. Out of 
these individuals, 548 did not respond to the initial screening 
invitation; however, 26 of them accepted the invitation once 
they had a telephone conversation with the GPs. Overall, 
56.5% (n=678) of the invitees accepted the CRC screening 
invitation. Among 678 study participants, 22 (3.2%) did not 
comply with the test preparation for CTC, five (0.7%) par-
ticipants declined to complete the study due to abdominal 
pain during CTC, and 58 (8.6%) did not adhere to the CC 
follow-up. Thus, 85 individuals with incomplete data were 
excluded from the study. Ultimately, data from 593 enrolled 
participants were subjected to statistical analysis (Fig. 1).

The mean age of the participants was 58.0 ±8.4 years 
(58.3±8.6 years for men and 57.9±8.2 years for women). The 
sociodemographic and general health status characteristics 
of the participants are presented in Table 1. The screening ac-
ceptance rate was higher in women, 63.4% (388 out of 612) vs. 
34.9% for men (205 out of 588). Participation rate decreased 
with increasing age (r=0.6138, p<0.05), with the highest rate 
being 38% of the 50-60 age group. No serious adverse effects, 
such as bleeding or colonic perforation, were observed during 
CTC and/or CC. 

CTC vs. CC performance
The duration of the CT scan in both the supine and right 

decubitus positions was 19.2±1.9 minutes (min) and was per-
formed by highly skilled technologists with six years of related 
experience. The mean time radiologists spent to interpret a 
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Table 1. Participants’ Socio-Demographic and Health Status Characteristics

N (%)

Total 593 (100)

Age (years)

  45–55 264 (44.5)

  56–65 200 (33.7)

  66–75 129 (21.8)

Sex

  Male 205 (34.6)

  Female 388 (65.4)

Ethnicity

  Native Kazakhs and non-Kazakh Asians 453 (76.4)

  Slavs 140 (23.6)

Body mass index (BMI) (kg/m2)

  Underweight and normal (BMI 18.4–24.9) 259 (43.7)

  Overweight (BMI 25.0–29.9) 199 (33.6)

  Obesity (BMI ≥30.0) 135 (22.7)

CRC, colorectal cancer; FIT, fecal immunochemical test; N, number. 

N (%)

Physical activity (hours of dynamic activities per week)

  0–3 390 (65.8)

  ≥3 203 (34.2)

Behavioral risk factors

  None 442 (74.5)

  Tobacco smoking 96 (16.2)

  Alcohol consumption 55 (9.3)

Family history for cancer 

  First and second-degree relatives/CRC 38 (6.4)

  First and second-degree relatives/non-CRC cancer 195 (32.9)

  None 360 (60.7)

CRC screening with FIT  

  FIT-positive 71 (12.0)

  FIT-negative 61 (10.3)

   No previous participation in FIT-based CRC screening 461 (77.7)

Fig. 1. Flowchart of participant recruitment algorithm. CRC, colorectal cancer; CT, computed tomography; FIT, fecal immunochemical test; GP, general practitioner.

Accepted (n=652)

Phone conversation (n=98)

Willing to attend (n=26)Appointment (n=678)

CT colonography, colonoscopy
n=593

Positive result
n=60

Refer to endoscopic
polypectomy, surgery

Negative result
n=533

Provide health
promotion information

Refused to attend
n=72

Offered screening with FIT

Excluded (n=85)
Incomplete colonoscopy
or/and CT colonography

No reply (n=548)

Selected as eligible by GPs
n=3,000

Randomly selected by researchers
and invited for CRC screening

n=1,200
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ipants. The mean age for participants in the FIT-positive and 
negative groups was 59.1±7.0 and 59.4±8.3 years, respective-
ly. There was a female predominance in both FIT groups (0.73 
and 0.45 in FIT-positive and FIT-negative groups, respective-
ly). CRC and AA were diagnosed in three (4.2%) and in seven 
(9.9%) participants, respectively, out of the 71 individuals with 
FIT-positive results. For the FIT-negative group (n=61), CTC 
detected one case of CRC (1.6%) and five (8.2%) cases of AA. 
In the FIT-positive group, 24 out of 71 (33.8%) participants 
declined endoscopy examination under the National CRC 
screening program, while simultaneously accepting CTC as 
a follow-up diagnostic tool in our study. In addition, all these 
individuals accepted CC when CRC or AA was diagnosed on 
CTC. 

Correlation of lesions by CTC Reporting and Data 
System (C-RADS) classification 

All CRC and colonic AA cases were histologically con-
firmed. The mean size of CRC was 6.1 ±2 cm. Left colonic 
involvement was observed in 66.7% and 33.3% of the tumors 
in the proximal colon. The average size of the AA detected was 
10±3 mm. The most common AA type was sessile (76.2%), 
followed by pedunculated and flat polyps (16.6% and 7.1%, 
respectively). The left colonic distribution of AA was 2.5 times 
more frequent than right colon involvement (71.2% vs. 28.6%, 
respectively), with 33.3% of all AAs localized to the sigmoid 
colon. 

Based on the C-RADS,22 C1 category findings were present 
in 389 (65.6%) out of 593 subjects (Figs. 2, 3), while C2 and C3 
categories were present in 24/593 (4.0%) and 39/593 (6.6%) 
participants, respectively (Figs. 4, 5). Histopathological exam-

Table 2. Sensitivity, Specificity, Likelihood Ratios, and Predictive Values of Computed Tomography Colonography for Colorectal Carcinoma, Advanced Adenoma,  
and Both (n=593)

  CRC AA CRC and AA

  Value 95% CI Value 95% CI Value 95% CI

Sensitivity 88.9% 62.3–98.6% 71.4% 55.4–84.3% 63.1% 50.9–74.0%

Specificity 97.4% 95.7–98.5% 98.7% 97.4–99.5% 95.8% 93.7–97.3%

Positive LR 34.1 20.2–57.6 56.2 26.3–120.3 14.9 9.5–23.2

Negative LR 0.1 0.03–0.4 0.3 0.2–0.5 0.4 0.3–0.5

PPV 51.3% 38.4–64.1% 81.6% 67.4–90.5% 62.6% 51.7–72.3%

NPV 99.7% 98.7–99.9% 97.8% 96.5–98.6% 95.8% 94.5–96.9%

Accuracy 97.1% 95.5–98.3% 96.7% 95.0–98.0% 92.5% 90.0–94.5%

Prevalence 3.0% 7.1% 10.1%

AA, advanced adenoma; CI, confidence interval; CRC, colorectal carcinoma; LR, likelihood ratio; NPV, negative predictive value; PPV, 
positive predictive value.

study was 13.9±5.9 min, with longer interpretation for a less 
experienced (18±2.4 min) vs. more experienced (≥10 years of 
experience) radiologist (13±1.3 min, p=0.004). CC had a lon-
ger procedure time in our study than CTC (45±4.1 min), with 
a slightly shorter procedure time for an experienced (35±3.8 
min) vs. less experienced endoscopist (46±4.1 min, p=0.05). 
Notably, the colonoscopies were performed without conscious 
sedation, which might have increased the total procedure 
time. The average waiting time for the CC procedure was 1.8 
days (ranging from 0-5 days). The overall CC completion rate 
was 86%. 

The sensitivity of CTC for CRC vs. AA was 0.89 vs. 0.71, 
and the specificity was 0.97 vs. 0.99, respectively (Table 2). CC 
demonstrated sensitivity and specificity for CRC comparable 
to CTC (0.88 and 0.98, respectively) while having higher sen-
sitivity (0.84) and equivocal specificity (0.99) for AA. 

Kappa statistics indicated substantial agreement on CRC 
detection between three raters (radiologists, endoscopists, and 
pathologists) with a value of 0.61. The agreement was most 
significant between radiologists and endoscopists (kappa value 
0.68) and lower between radiologists and oncologic patholo-
gists (0.43). The pooled agreement between all three groups of 
raters was weak for AA (0.39), with slightly better agreement 
between radiologists and endoscopists (0.47) than between 
radiologists and pathologists (0.40). The degree of agreement 
stratified by experience was substantial among the radiologists 
and endoscopists (0.78 and 0.79, respectively) and even higher 
for the pathologists (0.88).

In addition, 22.3% (132/593) of participants had attended 
the FIT-based National CRC screening program prior to se-
lection for our study, with positive results in 71 (53.8%) partic-
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ination revealed that 7.1% (42/593) of all participants were 
diagnosed with AA. C4 category lesions (Fig. 6) were iden-
tified in 3.0% (18/593); the mean age of the participants was 
62.4±9.3 years vs. 57.9±3.3 years for C1-C3 category lesions. 
The age difference was less significant in cases of AA vs. par-
ticipants without AA/CRC, 59.7±9.7 years vs. 57.9±2.1 years, 
respectively.

Linear association analysis between age and C4 category de-
tection rate revealed a moderate positive relationship for both 
sexes (r=0.799; p≤0.05) with a stronger correlation for men 
vs. women (r =0.615 vs. r =0.012; p≤0.05). The correlation 
between age and AA detection rate demonstrated a positive 
relationship for females and for all participants (r=0.521 and 
r=0.395, respectively) and a modest negative relationship for 
males (r=– 0.296). However, the analysis for AA did not reach 
statistical significance (p>0.05). 

The distribution of ECF was as follows: E0 in 0/593, E1 in 

Fig. 2. Colonic lipoma, C1 category finding by computed tomography colo-
nography reporting and data sys tem. Axial computed tomography image show-
ing a well-circumscribed fat density colonic lesion in the hepatic flexure (arrow). 

A

C

B

D

Fig. 3. Diverticulosis and inverted diverticulum, C1 category by computed tomography colonography reporting and data system. (A) Oblique reformatted computed 
tomography colonography (CTC) image demonstrates multiple bulging pouches in the colonic wall (arrowheads). One of the diverticula is inverted into the colonic 
lumen (arrow). (B) Endoluminal three-dimensional CTC image shows the inverted diverticulum as a polypoid lesion, without any mucosal changes in (C) endoscopic 
view (arrow). (D) Gentle pressure with closed biopsy forceps reverts the lesion to the typical diverticular appearance. 
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A

C

B

Fig. 4. Solitary colonic adenoma, C2 category by 
computed tomography colonography reporting and data 
system. (A) Endoluminal three-dimensional computed 
tomography colonography and (B) endoscopic images 
show 8 mm sessile colonic polyp (arrows). (C) Histologic 
evaluation represents a serrated polyp. 

A

C

B

D

Fig. 5. Pedunculated adenoma of the upper rectum, C3 
category by computed tomography colonography reporting 
and data system. (A) Sagittal two-dimensional and (B) 
endoluminal three-dimensional images of computed tomog-
raphy colonography demonstrate 26 mm adenoma (arrows), 
connected to the mucosa by an elongated stalk (arrowhead). 
(C) Endoscopic image shows pedunculated adenoma with 
hyperemic and edematous mucosa. (D) Histologic evalua-
tion reveals morphological changes consistent with severe 
dysplasia. 
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A

C

B

D

Fig. 6. Sigmoid colon carcinoma, C4 category by comput-
ed tomography colonography reporting and data system. 
Blue arrows on (A) three-dimensional and (B) coronal com-
puted tomography colonography images indicate marked 
circumferential wall thickening of the sigmoid colon. (C) 
Endoscopic view reveals circumferential sigmoid tumor, with 
severe luminal compromise. (D) Histologic evaluation is pos-
itive for grade II adenocarcinoma. 

58.9% (349/593), E2 in 28.2% (167/593), E3 in 11.5% (68/593), 
and E4 in 1.5% (9/593) for all participants. The mean age of 
subjects with ECF was 59.4±8.8 years. No linear correlation 
was observed between age and detection rates of the E2 and 
E3 categories. The age and rate of the E4 category were found 
to be moderately positively correlated (r=0.461, p<0.01), with 
the highest rate of potentially important ECF in the 65-69 
age group (37.5% of all E4 cases). The rate of the E4 category 
was higher in men than in women by 82.4% (2.4% vs. 1.0%, 
respectively), while the rate of E3 was 21.8% higher in men 
(13.2% vs. 10.6%, respectively). The most frequent reasons for 
inclusion of the E4 category included lesions suspicious for 
primary extracolonic malignancy (1.5%) and aortic aneurysm 
(0.2%).

Odds ratio
CRC was more than 12 times more prevalent in individuals 

older than 66 years (odds ratio [OR]=12.11; 95% confidence 

interval [CI], 4.45-32.92, p=0.01), with less age-pronounced 
difference for AA compared to CRC (OR=1.89; 95% CI, 0.67-
3.71, p=0.05). The prevalence of CRC and AA in the native 
Kazakh and Asian populations was lower than that in the 
Slavic group (OR=0.43; 95% CI, 0.22-0.83, p=0.01; OR=0.61; 
95% CI, 0.22-1.65, p=0.03). Of note, the native Kazakh eth-
nicity comprised the vast majority of all Asian participants 
(92.0%), while other Asian descents including Uygur, Korean, 
and Tatar nationalities comprised 3.7%, 3.0%, and 1.4%, re-
spectively. 

Participants who were engaged in physical activity had at 
least four and two times lower risk of CRC and AA, respec-
tively, than those who were physically inactive (OR=0.16; 95% 
CI, 0.04-0.68; p≤0.05). Participants were considered physi-
cally active if they engaged in weekly exercise of at least three-
hour dynamic activities such as fast walking, running, cycling, 
working out at the gym, aerobic dancing, playing football or 
tennis, etc.
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Statistically, a significant reduction in the probability of 
CRC and AA was observed in all participants with negative 
FIT results (OR=0.5; 95% CI, 0.07-3.85, p=0.04). Sex-specific 
analysis of FIT positivity showed a two-fold lower probability 
of CRC (OR =0.65; 95% CI, 0.25-1.68, p=0.67) and an ap-
proximately 1.8 times higher detection rate of AA in women 

(OR=1.35; 95% CI, 0.67-2.69, p=0.39); however, the differ-
ence was not statistically significant. Despite variations (up to 
two times) in the likelihood of detection of CRC and AA be-
tween the other categories of participants, the differences were 
not statistically significant (Table 3).

Table 3. Odds Ratio for CRC and Colonic AA Associated with Participants’ Socio-Demographic and Health Status

Group categories N (%) OR for CRC [95% CI] p OR for AA [95% CI] p 

Total 593 (100)

Age (years)

  45–55 264 (44.5) 0.51 [0.18–1.46] 0.84 [0.44–1.59]

  56–65 200 (33.7) 0.81 [0.28–2.34] 0.68 [0.33–1.38]

  66–75 129 (21.8) 12.11 [4.45–32.92] 0.01 1.89 [0.67–3.71] 0.05

Sex

  Male 205 (34.6) 1.54 [0.60–3.95] 0.74 [0.37–1.18]

  Female 388 (65.4) 0.65 [0.25–1.68] 0.37 1.35 [0.67–2.69] 0.39

Ethnicity

  Native Kazakhs and non-Kazakh Asians 453 (76.4) 0.61 [0.22–1.65] 0.43 [0.22–0.83]

  Slavs 140 (23.6) 1.65 [0.61–4.47] 0.03 2.33 [1.21–4.47] 0.01

Body mass index (BMI) (kg/m2)

  Underweight and normal (BMI 18.4–24.9) 259 (43.7) 1.64 [0.64–4.21] 0.96 [0.51–1.82]

  Overweight (BMI 25.0–29.9) 199 (33.6) 0.56 [0.18–1.71] 0.99 [0.51–1.92]

  Obesity (BMI ≥30.0) 135 (22.7) 0.97 [0.31–2.99] 0.31 1.07 [0.51–2.23] 0.86

Physical activity (hours of dynamic activities per week)

  0–3 390 (65.8) 4.30 [0.98–18.9] 2.33 [1.06–5.13]

  ≥3 203 (34.2) 0.16 [0.04–0.68] 0.05 0.43 [0.20–0.95] 0.03

Behavioral risk factors

  None 442 (74.5) 0.88 [0.31–2.53] 0.81 [0.36–1.81]

  Tobacco smoking 96 (16.2) 1.50 [0.48–4.66] 1.24 [0.55–2.76]

  Alcohol consumption 55 (9.3) 0.57 [0.07–4.34] 0.58 0.11 [0.01–1.88] 0.13

Family history by cancer type

  First and second-degree relatives / CRC 38 (6.4) 0.86 [0.11–6.61] 0.72 [0.17–3.08]

  First and second-degree relatives / non-CRC cancer 195 (32.9) 1.02 [0.38–2.76] 0.63 [0.32–1.24]

  None 360 (60.7) 1.02 [0.39–2.66] 0.89 1.18 [0.61–2.27] 0.62

CRC screening results with FIT  

  FIT-positive 71 (12.0) 1.49 [0.42–5.27] 4.16 [2.03–13.12]

  FIT-negative 61 (10.3) 0.50 [0.07–3.85] 0.04 0.21 [0.03–1.61] 0.01

  No previous participation in FIT-based CRC screening 461 (77.7) 1.01 [0.33–3.10] 0.99 1.01 [0.33–3.10] 0.99

AA, advanced adenoma; CI, confidence interval; CRC, colorectal cancer; FIT, fecal immunochemical test; N, number; OR, odds ratio. 
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DISCUSSION

The success of a cancer screening program depends on 
the active enrollment of the population, sufficient acceptance 
rate of follow-up examinations, and timely health advice and/
or intervention. In our study, we achieved an overall good 
participation rate (56.5%), with better engagement of women 
(63.4%) and of the 50-60 age group for both sexes (38% of all 
participants). These results indicate an improvement from the 
previously published data, where the overall participation rate 
of CTC screening was 25%.18,23 It should be noted, however, 
that participants’ sociodemographic and health status charac-
teristics, as well as bowel preparation techniques in these refer-
enced trials, are different from ours. 

A total of 12.5% (85 out of 678) enrolled participants were 
excluded from the study because of their inability to adhere to 
CC follow-up and/or bowel preparation for CTC. CC account-
ed for 86.2% of the included subjects. The reported acceptance 
rate of CC within the FIT-positive group under the National 
CRC screening program of Kazakhstan is between 59.3%-
76.2%.19 The highest reported colonoscopy follow-up rate of 
the eligible population was 97%, reported by McNamara et 
al.,24 with a pooled range of 52%-92.5% based on other stud-
ies results.25,26 In our study, among FIT-positive individuals, 
33.8% (24 out of 71) of subjects were not compliant with CC 
follow-up under the National CRC screening program, while 
they were undergoing CTC. In addition, our study revealed 
another benefit of CTC, which was a shorter exam time (in-
cluding interpretation), with an average of 33.1 min vs. 62.7 
min for the total colonoscopy time.

Currently, adenoma detection rate is the main colonoscopy 
quality indicator.26 Among all endoscopically detected ade-
nomas, the final histological diagnosis revealed AA in 2%-
18.3% of cases.27,28 Thus, the AA detection rate (7.1%) in our 
study was similar to these published results. Interestingly, 
Karsenti et al. reported a strong positive relationship between 
AA detection rate and age among the participants of a similar 
age to our study.29 The AA detection rate was at least twice as 
high when the 40-44 age group was compared to the 45-49 age 
group, with no significant difference in the detection rate in 
comparison to the 50-54 age group. The AA detection rate was 
also quite similar in the 45-55 and 56-65 age groups but was 
more than 1.5 times lower in the >66 age group. The adeno-
ma detection rate was not a quality indicator of the FIT-based 
National CRC screening program of Kazakhstan until 2018; 
consequently, there were no published data on adenoma and 
AA detection rates. The CRC detection rate was 3.0% in our 
study, with a lower detection rate in the <50 age group (0.5% 
prevalence). The 2.5% detection rate for CRC in the 50-70 age 

group was higher than that of the FIT-based CRC screening 
program in Kazakhstan (range of 0.02%-0.04%). 

CTC has achieved competitiveness in relation to endoscopy 
in terms of detection sensitivity for CRC and AA. Our data 
showed high sensitivity and specificity (88.9% and 97.4%, re-
spectively) for CTC detection of CRC and moderate sensitivity 
and high specificity (71.4% and 98.7%, respectively) for detec-
tion of advanced colonic adenoma. To date, CTC has passed 
through years of extensive trials and has been suggested as a 
safe and informative alternative to endoscopy. CTC in diag-
nosing CRC and colonic adenomas >10 mm is considered as 
accurate as endoscopic evaluation,12 and the European Guide-
lines for Quality Assurance in CRC Screening has announced 
CTC as a new screening method.30 Similarly, CTC is a recom-
mended screening option for CRC detection in the United 
States of America.16 

Our demographic results revealed the prevalence of CRC 
and colonic AA in the Slavic population of Kazakhstan in 
comparison to the Asian descent. In previous studies, we have 
also noted higher CRC incidence in the ethnic Russian pop-
ulation of the country of Kazakhstan as well as in individual 
regions with a large proportion of Slavic inhabitants.31 This is 
concordant with previous data on low CRC prevalence in Asia 
when compared with that in Europe.32 However, among Asian 
countries, China, Japan, and Korea have exhibited the high-
est CRC detection rate,1 perhaps because the reasons for the 
above-mentioned disparities in CRC prevalence might not be 
attributed to only ethnic origin but rather reflect differences in 
socioeconomic status, behavioral, and individual factors. 

We found that FIT-positive individuals have a 1.49- and 
4.16-fold higher risk of being diagnosed with CRC and AA, 
respectively. Thus, a positive FIT test should prompt timely 
follow-up colonoscopy. Interestingly, the prevalence of CRC 
and AA may be high in FIT positive results even with previous 
negative colonoscopy results, according to the data from Kim 
et al.33 This study revealed a 5% and 20% prevalence of CRC 
and AA, respectively, with positive FIT results, suggesting the 
ability of FIT screening to potentially detect colonic lesions 
missed during colonoscopy. However, the corresponding rates 
among FIT-negative results were 1.9% and 10.3%, respectively, 
indicating a considerably high rate of false-positive results with 
FIT screening. Kim et al.33 also reported a higher prevalence 
of AA than in our study (10% vs. 7.1%). These differences are 
likely due to the older age of participants in the referenced 
study (63.4 ±8.1 years) in comparison to ours (58.0 ±8.4 
years).

Our results showed the protective effect of physical activ-
ity against CRC and colonic AA, similar to previous studies. 
In meta-analyses by Zhou et al.34 and Des Guetz et al.,35 the 
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physically active population had a lower risk of developing 
CRC. Moreover, physical activity was associated with a better 
prognosis for CRC and improved cancer-specific and overall 
survival. 

The frequency of ECF is a great concern in CTC screening, 
which leads to increased costs and patient anxiety. A prior 
study highlighted up to 70% prevalence of ECF during CTC.36 
However, Pooler et al. refuted this claim and stated that most 
of the ECFs are not relevant and require no further workup.37 
Several other studies were congruent, with a wide range of E4 
prevalence, from 2.1%-16%.18,38 In comparison, the prevalence 
of the E4 category in our study was lower (1.5%). We link 
such low indicators with the younger cut-off age of the partic-
ipants in our study (45 years). The positive linear association 
between age and detection rate of clinically important ECF in 
our study was not unexpected. It is well known that age is one 
of the most studied risk factors not only for cancer but also for 
a wide range of infectious and non-infectious diseases.39

Our study had two limitations. The main limitation is the 
observational design, as randomized controlled trials are 
considered more preferable for evaluating the effectiveness of 
diagnostic methods. However, we compared the data from our 
study to the results from the FIT-based National CRC screen-
ing program when applicable. In addition, the overlapping 
of confidence intervals from observational and randomized 
studies is important, as it enhances the results. 

Second, we mainly focused on the available acceptance rate 
for CTC and detection rates for CRC and AA when calcu-
lating the sample size. Consequently, the sample size was not 
large enough for statistical analysis of socio-demographic pa-
rameters. 

CRC screening with CTC demonstrated a good participa-
tion rate in our single geographic region study. CTC has prov-
en its accuracy in the diagnosis of both CRC and AA. CRC 
was diagnosed better with CTC than with the country’s only 
FIT-based CRC screening program. Consistent with prior 
studies, older age and positive FIT-result were linked to higher 
CRC and AA incidences. 
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