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Background: Our study aimed to evaluate the clinical utility of detecting plasma
microRNAs (miR-21 & miR-92a) for diagnosis of colorectal cancer patients and its
relation to tumor staging. Patients and Methods: Quantitative real-time RT-PCR was
applied to determine the relative expression level of miR-21 and miR-92a in serum.
The sensitivity and specificity of these markers were evaluated by receiver operating
characteristic (ROC) curve analysis. Final staging of colorectal cancer cases was
assigned according to results of histopathologic examination of surgically resected
specimens. Results: This study included 52 cases of colorectal cancer (CRC), 20 cases
of precancerous colorectal lesions, and 20 healthy controls. Both Plasma miR-21 and
Plasma miR-92a were significantly higher in CRC group compared to both the control
group and precancerous group. Also, they were significantly higher in advanced CRC
stages than early CRC stages. The sensitivity and specificity of miR-21 for
discriminating CRC from controls were found to be 90.38% and 100.0%, respectively.
However, for miR-92a, sensitivity and specificity were found to be 94.23% and
100.0%, respectively. For discriminating CRC cases from precancerous lesions, the
sensitivity and specificity of miR-21 were found to be 75.08% and 95.0%,
respectively. However, for miR-92a, sensitivity and specificity were found to be
80.77% and 100.0%, respectively. Conclusions: both plasma miR-21 and miR-92a
have significant value for early detection of CRC as non-invasive screening molecular
biomarkers with high sensitivity and specificity. They also help for differentiation
between patients with benign and malignant colorectal lesions and those with early
and advanced CRC.
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INTRODUCTION
The incidence of colorectal cancer (CRC) is
globally increasing especially in the western
world and now ranks at 3rd commonest cancer
(Rawla et al., 2019). Late presentation and
delayed diagnosis in a more advanced stage are
associated with a very poor prognosis. Early
diagnosis and initiation of therapy are
associated with the best chances of cure. This
can be reflected in a reduction of mortality from
CRC (Keane and Johnson, 2012).
The main screening tools advocated by many
surgeons for early detection of colorectal
lesions are colonoscopy, CT colonography, and

barium enema. However, their widespread
application is limited. This could be attributed to
their high-cost and invasive nature (Brenner et
al., 2014). Therefore, there is a great demand
for a less invasive test for the early diagnosis of
CRC (Zhang et al., 2018). Currently, there are
few serum biomarkers used for screening or
early detection of CRC with variable sensitivity
and specificity levels (Herreros-Villanueva et al.,
2019).
MicroRNAs are small non-coding RNAs that
have an important role in the regulation of cell
differentiation, mitosis, apoptosis, and
carcinogenesis (Croce and Calin, 2005; Aslam et
al., 2009). They act at the posttranscriptional
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level by binding to target mRNA, preventing its
translation, or by transcriptional gene silencing
(He and Hannon 2004; Hede 2005). Regarding
carcinogenesis, microRNAs act as oncogenes or
tumor-suppressor genes. They have a key role in
cancer progression, including CRC (Calin et al.,
2002; He et al., 2005; Schetter et al., 2008; Ng et
al., 2009).
Certain microRNAs have been evaluated as
biomarkers for CRC diagnosis. A few of them
were selectively expressed in CRC, such as upregulation of miR-21 and miR-92a and downregulation of miR-422a (Clancy et al., 2015;
Zekri et al., 2016). Only a few studies have
evaluated the role of serum microRNAs as
biomarkers for CRC diagnosis at an early stage
with contradictory results (Schetter et al., 2008;
Chen et al., 2013; Liu et al., 2013; Toiyama et al.,
2013).
This study aimed to evaluate the clinical utility
of detecting plasma microRNAs (miR-21 & miR92a) for diagnosis of colorectal cancer patients
& their relation to tumor staging as well as their
use in diagnosing a benign colorectal condition
and differentiating it from colorectal cancer.
PATIENT AND METHODS
This is a prospective cohort study that included
patients undergoing colonoscopic examination
for lower GI symptoms at endoscopy units at
South Egypt Cancer Institute and Assiut
University Hospital in the period (January 2018
– December 2018). Practical work was carried
out at the Clinical Pathology Department, Assiut
University Hospital. The study was approved by
the Institutional review board (IRB) of the
Faculty of Medicine - Assiut University with IRB
no. 2018-0127. All participants had informed
written consent. All age groups were included.
Patients with colorectal cancer that had been
received chemotherapy, radiotherapy, or
surgical treatment were excluded. Patients with
a history of malignant tumors in other organs
were also excluded from the study.
Grouping of patients
Patients were categorized according to
colonoscopic and histopathologic findings into 3
groups:
Group A: patients with pathologic-proven
colorectal cancer.
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Group B: patients with precancerous benign
colorectal lesions.
Group C: patients with normal colonoscopic
findings (Control Group).
Diagnostic workup: All participants were
subjected to the following:
• Clinical history and clinical examination
including the digital rectal examination
(DRE).
• Multi-Slice CT abdomen and pelvis.
• Full Colonoscopy.
• Pathological examination of colorectal
mass biopsy.
Sample collection
Two ml of blood were sampled into EDTA
coated tube centrifuged at 1000 rpm for 5 min,
and then plasma was transferred into an
RNase–free tube for RNA extraction. Plasma
was stored at -80 °C until assay.
Determination of plasma miR-21 and miR-92a
by (qRT-PCR): According to the manufacturer's
instructions, total RNA purification (including
small RNAs) was done using the miRNeasy Mini
Kit (Cat. No. 217004): QIAGEN that was stored
dry at room temperature (15-25°C). Real-time
PCR for detection of mature miR-21 and miR92a was done by using 7500 fast real-time PCR
“Applied Biosystems”-USA. RNA extraction was
carried out using miRNeasy Mini Kit (Cat. No.
217004; Qiagen - Germany), according to the
manufacturer’s instructions. Extracted RNA was
subjected to RNA quantitation and purity
assessment using NanoDrop® (ND)-1000
spectrophotometer (NanoDrop Technologies,
Inc., Wilmington, DE, USA). miRNAs reverse
transcription into complementary DNA was
performed using miScript® II RT Kit (Cat. No.
218161; Qiagen - Germany), according to the
manufacturer’s instructions which were stored
at – 20°C.
For detection of mature miRNA, cDNA prepared
in a reverse transcription reaction using
miScript HiSpec Buffer serves as the template
for real-time PCR analysis using miRNA-specific
miScript Primer Assay (forward primer) and the
miScript SYBR Green PCR Kit, which contains the
miScript Universal Primer (reverse primer) and
QuantiTect SYBR Green PCR Master Mix (Cat.
No. 218073; Qiagen - Germany), (composed of
IJCBR Vol. 5(1): 95-104.
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HotStarTaq® DNA polymerase, QuantiTect SYBR
Green PCR Buffer, dNTP Mix, including dUTP,
SYBR Green I, ROX™ passive reference dye and
5 mm MgCl2). Cycling conditions for real-time
PCR included PCR initial activation step for 15
minutes at 95 °C, denaturation for 15 seconds at
94 °C, annealing for 30 seconds at 55 °C, and
extension for 30 seconds at 70 °C. This included
a total of 50 cycles.

curve (AUC). Validity statistics (sensitivity,
specificity, positive, and negative predictive
value) were calculated.

Interpretation of results: Cycle threshold (Ct)
values were automatically calculated using the
Rotor Gene® Q software 2.1 (Qiagen Germany). Relative gene expression levels were
normalized to a housekeeping gene (SNORD 68)
and the fold change (FC) of expression or
relative quantitation for the targeted miRNAs
was calculated using the 2−ΔΔCT method.

Patients groups: CRC group: 52 patients with
colorectal cancer:
• 15 patients with CRC TNM stage I.
• 17 patients with CRC TNM stage II.
• 12 patients with CRC TNM stage III.
• 8 patients with CRC TNM stage IV.

Surgical
intervention:
Patients
with
histopathologic proven colorectal cancer or
those with lesions with high-grade dysplasia
underwent standard surgical resection
according to the site of the mass either by
conventional colectomy or complete mesocolic
excision colectomy using open or laparoscopic
approaches. The final staging was assigned
according to results of histopathologic
examination of resection specimens, reported
according to AJCC TNM staging – 7th edition.
Patients with familial polyposis coli (FAP) were
treated by total procto-colectomy with ileal
pouch-anal anastomosis. Patients with stage IV
colorectal cancer were omitted from surgical
resection except for those who need palliation
e.g. obstructed cases.
Statistical analysis: Data were analyzed using
SPSS- version 21. Chi-square was used to
compare the difference in the distribution of
frequencies among different groups. For
variables with more than two categories; the
ANOVA test was calculated to test the mean
differences of the data that follow a normal
distribution and independent sample. KruskalWallis was used to compare the median
difference between groups that do not follow
the normal distribution. A P-value of less than
0.05 was considered significant. The P-value of
post-hoc test was calculated using Bonferroni
corrections. ROC curve was depicted the
diagnostic performance of biomarkers for
diagnosis of CRC, analyzed as the area under the
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RESULTS
The study included fifty-two newly diagnosed
colorectal cancer patients, twenty patients with
precancerous benign colorectal diseases, and
twenty age and sex-matched controls.

Precancerous group: 20 patients with
precancerous colorectal diseases:
• 7 patients with advanced adenoma.
• 6 patients with ulcerative colitis.
• 5 patients with Crohn's disease.
• 2 patients with familial adenomatous
polyposis.
Control group: 20 individuals with normal
colonoscopic findings were selected as a control
group for comparison.
There was no significant difference among the 3
studied groups regarding age, gender, or
occupation. However, smoking was significantly
higher in CRC cases than the precancerous
group and in healthy controls (Table 1).
microRNAs levels: Both Plasma miR-21 and
Plasma miR-92a (fold change) were significantly
higher in CRC group compared to both the
control group and precancerous group, with a pvalue<0.001 for each. Also, they were
significantly higher in the precancerous group
compared to the control group, with a p-value <
0.001 (Table 2).
Comparison of CRC biomarkers (Early CRC vs.
Precancerous): Both Plasma miR-21 and Plasma
miR-92a (fold change) were significantly higher
in the early CRC group (TNM stages I & II)
compared to the precancerous group, with a pvalue < 0.001 (Table 3).
Comparison of CRC biomarkers (Early CRC vs.
Adenoma): Both Plasma miR-21 and Plasma
miR-92a (fold change) were significantly higher
in the early CRC group (TNM stages I & II)
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compared to adenoma group, with p-value =
0.015 and 0.002, respectively (Table 4).
Comparison of CRC biomarkers (Early CRC vs.
Advanced CRC): Both Plasma miR-21 and
Plasma miR-92a (fold change) were significantly
higher in advanced CRC (stages III & IV)
compared to early CRC (TNM stages I & II), with
a p-value < 0.05 (Table 5).
Diagnostic performance of CRC biomarkers
(CRC vs. Control): To determine the optimum
diagnostic cut-off value and evaluate the
sensitivity of circulating plasma miR-21 and miR92a for diagnosis of CRC vs. healthy controls,
Receiver Operating Characteristic (ROC) analysis
was performed. Table 6 shows the diagnostic
performance data in form of sensitivity,
specificity, NPV, and PPV for miR-21 (at a cutoff
value of > 2.31 FC) and miR-92a (at a cutoff
value of > 2.76 FC) and combined use of both
markers. These results confirm that combined
plasma miR-21 and miR-92a are more sensitive
and have higher diagnostic accuracy and NPV
than plasma miR-92a which is more sensitive
and has higher diagnostic accuracy and NPV
than plasma miR-21 in discriminating CRC cases
from healthy controls. Both plasma miR-21 and
miR-92a have the highest specificity and PPV
(Table 6).

Diagnostic performance of CRC biomarkers
(CRC vs. Precancerous): To determine the
optimum diagnostic cut-off value and evaluate
the sensitivity of circulating plasma miR-21 and
miR-92a for diagnosis of CRC vs. precancerous
benign colorectal diseases, ROC analysis was
performed. Table 7 showed the diagnostic
performance data in form of sensitivity,
specificity, NPV, and PPV for miR-21 (At a cut-off
value > 6.44 FC) and miR-92a (At a cut-off value
> 5.76 FC) and combined use of both markers.
These results confirm that combined plasma
miR-21 and miR-92a are more sensitive,
specific, and have higher diagnostic accuracy
and NPV than plasma miR-92a which is more
sensitive, specific, and has higher diagnostic
accuracy and NPV than plasma miR-21 in
discriminating CRC cases from precancerous
benign colorectal cases. Plasma miR-92a has the
highest PPV (Table 7).
Correlation between CRC Biomarkers in
patients’ groups:
• In precancerous cases: Both miR-21 and
miR-92a revealed significant positive
correlation (r-value=0.805, p-value<0.001)
(Table 8).
• In CRC cases: Both miR-21 and miR-92a
revealed significant positive correlation (rvalue = 0.690 & p-value < 0.001). (Table 8).

Table 1. Socio-demographic data among the studied groups

Age/years
• Mean ± SD
• Median (Range)
p-value
Sex
• Male
• Female
p-value
Occupation
• Non-working
• Working
p-value
Smoking
• No
• Yes
p-value

CR
(n=52)

Precancerous
(n=20)

Control
(n=20)

52.67 ± 10.7
51 (33 - 79)
P1 = 0.720NS

53.15 ± 11.1
52 (38 - 70)
P2 = 0.874NS

53.75 ± 13.5
53 (35 - 78)
P3 = 0.868NS

33 (63.5%)
19 (36.5%)
P1 = 0.359NS

12 (60%)
8 (40%)
P2 = 0.467NS

9 (45%)
11 (55%)
P3 = 0.384NS

25 (48.1%)
27 (51.9%)
P1 = 0.784NS

10 (50%)
10 (50%)
P2 = 0.885NS

8 (40%)
12 (60%)
P3 = 0.842NS

40 (76.9%)
12 (23.1%)
P1 = 0.009*

12 (60%)
8 (40%)
P2 = 0.023*

20 (100%)
0 (0%)
P3 = 0.017*

*Statistically significant, NS: Non-significant
P1 (Control vs. CRC), P2 (Precancerous vs. CRC) & P3 (Control vs. Precancerous)
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Table 2. CRC biomarkers among the studied groups
CRC
Control
Precancerous (n=20)
(n=52)
(n=20)
miR-21 (fold change)
12.91 ± 14.52
3.36 ± 2.00
1.00 ± 0.66
• Mean ± SD
8.4 (0.9-84.7)
3.2 (0.5-7.8)
0.8 (0.1-2.3)
• Median (Range)
p-value
P1 < 0.001*
P2 < 0.001*
P3 < 0.001*
miR-92a (fold change)
12.71 ± 11.05
3.08 ± 1.61
1.00 ± 0.67
• Mean ± SD
9.5 (1.2-63.1)
3.2 (0.6-5.8)
0.8 (0.3-2.8)
• Median (Range)
p-value
P1 < 0.001*
P2 < 0.001*
P3 < 0.001*
*Statistically Significant, P1 (Control vs. CRC), P2 (Precancerous vs. CRC) & P3 (Control vs. Precancerous)

Table 3. CRC biomarkers (Early CRC vs. Precancerous)
Precancerous
Early CRC
p-value
(n= 20)
(n=32)
miR-21 (fold change)
3.36±2.00
9.81 ±7.97
• Mean ± SD
< 0.001*
• Median (Range)
miR-92a (fold change)
• Mean ± SD
• Median (Range)

3.2 (0.5-7.8)

8.0 (0.9-32.8)

3.08 ± 1.61
3.2 (0.6-5.8)

9.09 ± 5.70
7.2 (1.2-27.5)

< 0.001*

Table 4. CRC biomarkers (Early CRC vs. Adenoma)
Adenoma
Early CRC
p-value
(n= 7)
(n=32)
miR-21 (fold change)
3.79±2.18
9.81±7.97
• Mean ± SD
0.015*
3.9 (0.8-7.8) 8.0 (0.9-32.8)
• Median (Range)
miR-92a (fold change)
3.45±1.66
9.09±5.70
• Mean ± SD
0.002*
3.2 (0.9-5.8) 7.2 (1.2-27.5)
• Median (Range)
*Statistically Significant

Table 5. CRC biomarkers (Early CRC vs. Advanced CRC)
Early CRC
Advanced CRC p-value
(n=32)
(n=20)
miR-21 (fold change)
9.81±7.97
• Mean ± SD
• Median (Range) 8.0 (0.9-32.8)
miR-92a (fold change)
9.09 ± 5.7
• Mean ± SD
• Median (Range) 7.2 (1.2-27.5)

17.88±20.50
11.1 (3.5-84.7)

< 0.05*

18.5 ± 14.74
13.7 (4.4-63.1)

< 0.05*

*Statistically Significant

Table 6. Diagnostic performance (CRC vs. Control)
miR-21
miR-92a Combined
miR-21&92a
Cut-off value > 2.31 FC > 2.76 FC
AUC
Accuracy, %
Sensitivity, %
Specificity, %
PPV, %
NPV, %

0.977
93.06
90.38
100.0
100.0
80.0

0.991
95.83
94.23
100.0
100.0
87.0

0.981
97.22
96.15
100.0
100.0
90.9

*Sensitivity (true positives/all diseased); specificity (true
negatives/all non-diseased); PPV (true positives/all test positives);
NPV (true negatives/all test negatives).
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Table 7. Diagnostic performance (CRC vs. Precancerous)
miR-21
miR-92a
Combined
miR-21&92a
Cut-off value > 6.44 FC > 5.76 FC
0.927
0.917
AUC
0.867
80.56
86.11
90.28
Accuracy, %
75.08
80.77
88.46
Sensitivity, %
95.0
100.0
95.0
Specificity, %
97.5
100.0
97.9
PPV, %
59.4
66.7
76.0
NPV, %
*Sensitivity (true positives/all diseased); specificity (true
negatives/all non-diseased); PPV (true positives/all test positives);
NPV (true negatives/all test negatives).
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Table 8. Correlation between miR biomarkers
miR-21
Precancerous
r-value p-value
< 0.001*
• miR-92a 0.805
CRC
• miR-92a

miR-21
r-value
0.690

p-value
< 0.001*

*Statistically significant

Figure 1. Box-Plot of miR-21 & miR-92a among studied
groups.

DISCUSSION
Levels of certain microRNAs have been reported
to associate with diagnosis, prognosis,
metastasis, and survival in multiple
malignancies (Toiyama et al. 2013; Zhang et al.
2013; Neerincx et al. 2015). Circulating
microRNAs are secreted from the cells in a
highly stable form that can be detected in
plasma. The remarkable stability, the feasibility
of detection (rapid and accurate quantification),
and the direct role of microRNAs in cancer
pathogenesis make them ideal non-invasive
biomarkers for early cancer diagnosis (Mitchell
et al. 2008). We investigated the role of
measuring plasma miR-21 and plasma miR-92a
for the diagnosis of colorectal cancer disease
and precancerous lesions. Our results exhibited
significantly higher plasma miR-21 and miR-92a
in CRC patients compared to both healthy
controls and patients with precancerous benign
colorectal diseases, with (P-value < 0.001) for
each. Also, plasma miR-21 and plasma miR-92a
were significantly higher in patients with
precancerous benign colorectal diseases
compared to healthy controls, with P-value <
0.001 for each.
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Figure 2. Box-Plot of miR-21 & miR-92a for Early CRC vs.
Precancerous (2a), Early CRC vs. Adenoma (2b), and Early
CRC vs. advanced CRC (2c).

These data are consistent with those reported
by many authors who found that miR-21 & miR92a levels were significantly higher in CRC cases
(Wang et al. 2014; Neerincx et al. 2015; Jepsen
et al. 2016; Zhu et al. 2017).

IJCBR Vol. 5(1): 95-104.
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Figure 3. ROC curve for CRC vs. control of miR-21 (3a),
miR-92a (3b), and combined microRNAs (3c).

A recent Chinese study reported that miR-21 is
significantly up-regulated in adenomas and CRC
tissues, compared with the normal mucosa
(Wang et al. 2016). Similarly, another study
reported elevated expression of serum miR-21.
This finding was validated from an independent
cohort, showing that miR-21 expression was
markedly upregulated in preoperative serum
from CRC patients, but its expression dropped in
postoperative serum from patients who
underwent curative surgical resection (Toiyama
et al. 2013).

IJCBR Vol. 5(1): 95-104.

Figure 4. ROC curve for CRC vs. Precancerous of miR-21
(4a), miR-92a (4b) and combined microRNAs (4c).

Our data showed that there was a significantly
higher plasma miR-21 and miR-92a in early CRC
(TNM stages I & II) patients compared to both
healthy
controls
and
patients
with
precancerous benign colorectal diseases, with
P-value < 0.001 for each. These results were
similar to Ogata-Kawata et al. who showed
higher serum levels of miR-21 in primary CRC
patients, even early-stage disease (TNM stage I),
than in controls, and were significantly
decreased after surgical resection (OgataKawata et al. 2014). Recently, Zhang et al.
reported that microRNA ratios; miR-21-5p/miR101
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367-3p
and
miR-92a-3p/miR135b
can
differentiate CRC cases from precancerous
lesions and healthy controls (Zhang et al. 2018).
Another study by Lee and Ferguson reported
that miR-21 and miR-92a can identify the highrisk population for colorectal cancer. Therefore,
these biomarkers could be used to identify
those individuals who would benefit from
preventive measures as lifestyle and dietary
modifications (Lee and Ferguson 2016).
In our study, plasma miR-21 and miR-92a were
significantly higher in advanced CRC (TNM
stages III & IV) compared to early CRC (TNM
stages I & II), with P-value < 0.05 for each. This
comes in agreement with Neerincx et al. who
reported that the expression of miR-21 and miR92a was associated with more advanced TNM
stages (Neerincx et al. 2015).

Also, this is consistent with data from other
investigators who reported that higher
expression levels of miR-21 were associated
with more advanced clinical stages of CRC
(Schetter et al. 2008, Toiyama et al. 2013).
Moreover,
others
reported
miR-92a
overexpression to correlate with colorectal
cancer TNM stage, lymph node and distant
metastases, and decreased survival of the
patients (Liu et al. 2013, Yamada et al. 2013,
Zhou et al. 2013). This could aid in the surgical
decision as patients with stage III colonic cancer
may benefit from the adoption of complete
mesocolic excision. Also, patients with stage IV
colorectal cancer with no signs of intestinal
obstruction are managed primarily by
chemotherapy. In our study, we constructed
ROC analysis for discriminating CRC cases from
healthy controls. At a cut-off value > 2.31-fold
change, plasma miR-21 was 90.38 % sensitive
and 100 % specific, with AUC of 0.977. Also, at a
cut-off value > 2.76-fold change, plasma miR92a was 94.23 % sensitive and 100 % specific,
with the area under the curve (AUC) of 0.991.
Moreover, combined plasma miR-21 and miR92a was 96.15 % sensitive and 100 % specific,
with AUC of 0.981.
Our results are promising and in agreement
with Said et al. who reported that serum miR-21
at a cutoff value of ≥ 5.25 was 94.3% sensitive
and 93.3% specific for the diagnosis of CRC with
an AUC of 0.995 and serum miR-92a at a cut-off
value of > 6.75, was 91.4 % sensitive and 80 %
specific for the diagnosis of CRC with an AUC of
0.919 (Said et al. 2017). Similarly, Guo et al.
reported that serum miR-21 effectively
distinguished CRCs from healthy controls with
91.6% sensitivity, 91.7% specificity, and AUC of
0.960 (Guo et al. 2018). Also, Wang et al.
reported that serum miR-21 showed a
sensitivity and specificity of 93% and 91%,
respectively (Wang et al. 2014). Furthermore,
Ahmed et al. reported plasma miR-92a to have
a sensitivity and specificity of 89 % and 70 %
respectively at a cut-off value > 6.75 in
distinguishing CRC patients from healthy
controls (Ahmed et al. 2012).

Figure 5. Correlation between miR-21 and miR-92a in the
precancerous group (5a) and CRC group (5b).
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On the other hand, it was reported that the
sensitivity of serum miR-21 for detection CRC
was only 65% and the specificity was 85% (Liu et
al. 2013). Also, Huang et al. reported similar
IJCBR Vol. 5(1): 95-104.
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results with plasma miR-92a; sensitivity and
specificity of 84 % and 71.4 % respectively
(Huang et al. 2010). In the present work, also we
constructed ROC analysis for discriminating CRC
cases from precancerous benign colorectal
diseases. Moreover, combined plasma miR-21
and miR-92a were 88.46 % sensitive and 95 %
specific, with AUC of 0.917. These results were
in agreement with Zhang et al. who reported
that the microRNA ratio miR-21-5p/miR-367-3p
can distinguish patients with CRC from those
with adenoma, with an AUC of 0.797 (Zhang et
al. 2018).
In conclusion, both plasma miR-21 and miR-92a
had potential value for early detection of CRC as
non-invasive screening molecular biomarkers
with high sensitivity and specificity. They also
help for differentiation between patients with
benign and malignant colorectal lesions and
those with early and advanced CRC.
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