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Abstract: Objective: To analyze the diagnostic value of fecal Fusobacterium nucleatum detection, fecal immunochemical
test (FIT), and carbohydrate antigen 19-9 (CA19-9) detection for colorectal cancer (CRC). Method: A total of 78 CRC patients
and 60 healthy individuals were enrolled in this study. Stool and blood samples were collected for the 3 diagnoses, and ROC
curves were analyzed for diagnostic value. Result: The 3 diagnoses’ positive detection rates in CRC samples were significantly
higher than those of healthy samples (P < 0.05). The combined CRC diagnoses showed significantly higher sensitivity as
compared to individual fecal F. nucleatum detection (y* = 6.495, P=0.011), FIT (y* = 4.871, P =0.027), and serum CA19-9
detection (x* = 7.371, P =0.007). The area under the ROC curve for fecal F. nucleatum detection was 0.63 [95% confidence
interval (CI) = 1.124—6.238], with a sensitivity of 73.08% and specificity of 85.00%, whereas FIT was 0.65 (95% CI = 1.365—
9.241), with a sensitivity of 51.28% and specificity of 96.67%, meanwhile, serum CA19-9 detection was 0.62 (95% CI =
1.517-12.342), with a sensitivity of 69.23% and specificity of 98.33%. The combined CRC diagnoses showed an area under
the ROC curve of 0.76 (95% CI = 1.213-6.254), with a sensitivity of 87.18% and specificity of 70.00%. Conclusion.: The
combined diagnoses of fecal F nucleatum detection, FIT, and serum CA19-9 detection can significantly improve the
sensitivity and accuracy of CRC diagnosis, which has high clinical application value to provide guidance for clinical CRC

screening and early intervention treatment.
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1. Introduction

Colorectal cancer (CRC) is a common malignant tumor of the gastrointestinal tract. With the increase in its
mortality rate, early diagnosis is of great significance in the prevention and treatment of CRC. At present,
the clinical diagnosis of CRC is mainly based on stool tests, colonoscopy, and tumor marker determination.
However, due to certain limitations of these methods, the diagnostic accuracy is not high. In order to reduce
the mortality rate and early diagnosis of CRC, biomarkers and effective diagnostic methods have been
investigated to improve the diagnosis of CRC 21, The fecal immunochemical test (FIT) is a non-invasive,
convenient, fast, but low-sensitivity examination &I, Carbohydrate antigen 19-9 (CA19-9) is a tumor marker
widely used in clinical practice and has important diagnostic value in tumor diseases ™. Fecal
Fusobacterium nucleatum (hereby F. nucleatum) can be enriched in the colon and rectum, which can
promote the proliferation, metastasis, and invasion of intestinal cancer cells, and participate in the immune
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regulation of tumor cells 1. In this study, the joint diagnoses of fecal F. nucleatum detection, FIT, and
serum CA19-9 were used to explore their significance in the diagnosis of CRC, aiming to provide an
efficient and accurate early diagnosis method for clinical diagnosis, improve the early diagnosis rate of
CRC, and further reduce the fatality rate.

2. Materials and methods

2.1. Background

A total of 78 CRC patients admitted to the Affiliated Hospital of Hebei University from January 2020 to
December 2020 were continuously selected for retrospective analysis, including 49 males and 29 females,
aged 28 to 79 years old, with an average age of 53.36 + 3.42 years old. A total of 60 healthy individuals
were also recruited for data comparison.

The inclusion criteria included patients who meet the diagnostic criteria for CRC in the “Standards for
Diagnosis and Treatment of CRC”, diagnosed with CRC by postoperative histopathological examination,
and aged > 18 years, yet to receive relevant anti-tumor treatment before admission, consist of complete
clinical data, and able to fulfill the obligation of disclosure, know the content of the research, and voluntarily
sign a consent form.

The exclusion criteria included CRC patients diagnosed with severe heart, liver, kidney, and other
vital organ diseases, respiratory system diseases, immune and inflammatory diseases, or consisted of other
malignant tumors, or consisted of chronic hepatitis, ulcerative colon cancer, and other digestive system
diseases, or had mental disorders or communication difficulties. The research was approved by the Hospital
Ethics Committee.

2.2. Methods

2.2.1. Fecal Fusobacterium nucleatum

Stool samples were taken from the patients in the morning, and the DNA of fecal F. nucleatum was
extracted using Beijing Tiangen Biochemical Technology Co., Ltd. DP328 Fecal DNA Extraction Kit. The
concentration and quality of the extracted DNA were analyzed using the Nanodrop One UV-Vis
spectrophotometer (Thermo Scientific, USA). The ratio of Azeonm and Azgo nm Was 1.7~1.9. The relative
expression of F. nucleatum DNA was detected using the 7900HT real-time PCR system (Applied
Biosystems, USA), and the TB Green qPCR Master Mix reagent from Dalian Bao Biological Co., Ltd.
(product number 639676) was used to prepare the reaction buffer and DNA template. The PCR reaction
conditions were 45 cycles of pre-denaturation at 95°C for 30 s, denaturation at 95°C for 10 s, and
annealing/extension at 60°C for 35 s. The sequence of the primers for F. nucleatum is as follows: the
upstream primer is 5’-TTCAATAAAAGTGGCAGGTCAAG-3’, and the downstream primer is 5°-
TAACAACACATGCAGGTCAATGG-3’. The 16S rDNA primer sequence of the total bacterial internal
reference gene is as follows: the upstream primer is 5’-CCATGAAGTCGGAATCGCTAG-3’, and the
downstream primer is 5’-GCTTGACGGGCGGTGT-3". The relative expression level of target bacterial
DNA is represented by 2-ACt, ACt=Ct target bacterial sequence-Ct16S rDNA.

2.2.2. Fecal immunochemical test (FIT)

Two stool samples were taken from the patient in the morning, and the fecal occult blood colloidal gold
detection test paper was used for detection, and the relevant operations are strictly carried out according to
the test paper instructions. The criteria for a positive fecal occult blood test are (1) there are differences in
the positive or negative results of two fecal occult blood tests in one specimen, and (2) there are differences
between positive and negative results in one test specimen.
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2.2.3. Carbohydrate antigen 19-9 (CA19-9)

About 3 mL of fasting venous blood was taken from the patient, then placed in a test tube containing
separating gel, centrifuged at 3000 r/min for 10 min, and the expression of CA19-9 was detected using a
fully automatic electrochemiluminescence instrument and matching kits from Roche, Germany.

2.3. Observation indicators

The observation indicators of this study are as follows:

(1) Comparison of the positive detection rates of fecal F. nucleatum, FIT, and serum CA19-9: the positive
rates of the three diagnostic methods were compared in CRC patients and healthy individuals.

(2) The diagnostic efficacy of fecal F. nucleatum detection combined with FIT and serum CA19-9
detection for CRC: the pathological results were used as the gold standard to evaluate the sensitivity
and specificity of individual diagnostic methods and the combined CRC diagnoses for the CRC
diagnosis degree and accuracy.

(3) ROC curve of fecal F. nucleatum detection combined with FIT and serum CA19-9 detection for CRC:
the ROC curve was drawn according to each diagnostic method and the combined diagnosis of CRC.
The larger the area under the ROC curve, the higher the diagnostic accuracy.

2.4. Statistical method

The research statistical data was analyzed using SPSS 21.0 software, the count data was described by
number (percentage) [n (%)], the 2 test was used, and the difference was considered statistically significant
when P < 0.05.

3. Results

3.1. Comparison of positive detection rates of fecal F. nucleatum, FIT, and serum CA19-9

The positive detection rates of fecal F. nucleatum, FIT, and serum CA19-9 in CRC patients were
significantly higher than those of healthy individuals (P = 0.000), see Table 1.

Table 1. Comparison of positive detection rates of fecal F. nucleatum, FIT, and serum CA19-9 [n (%)]

Number of cases Fecal F. nucleatum FIT Serum CA19-9
CRC patients 78 57 (73.1%) 40 (51.3%) 54 (69.2%)
Healthy individuals 60 9 (15.0%) 2 (3.3%) 1 (1.7%)
2 value 45.841 23.698 51.386
P value 0.000 0.000 0.000

3.2. The diagnostic efficacy of fecal F. nucleatum combined with FIT and serum CA19-9 detection
for CRC

Table 2 showed that the sensitivity of the combined diagnoses of the three was significantly higher than
that of the individual detection of F. nucleatum (x* = 6.495, P = 0.011), FIT (y*> = 4.871, P = 0.027), and
serum CA19-9 (y? = 7.371, P = 0.007).
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Table 2. The diagnostic efficacy of fecal F. nucleatum combined with FIT and serum CA19-9 detection
for CRC [n (%)]

Detection method Number of cases Sensitivity Specificity Accuracy

F. nucleatum 138 73.08% (57/78) 85.00% (51/60) 78.26% (108/138)
FIT 138 51.28% (40/78) 96.67% (58/60) 71.01% (98/138)
CA19-9 138 69.23% (54/78) 98.33% (59/60) 71.74% (99/138)
Joint diagnoses 138 87.18% (68/78) 70.00% (42/60) 79.71% (110/138)

3.3. ROC curve of fecal F. nucleatum combined with FIT and serum CA19-9 detection for CRC

The area under the ROC curve for the diagnosis of CRC by fecal F. nucleatum detection was 0.63 [95%
confidence interval (Cl) = 1.124-6.238), and the sensitivity and specificity were 73.08% and 85.00%,
respectively. The area under the ROC curve for the diagnosis of CRC by FIT was 0.65 (95% CI = 1.365—
9.241), with a sensitivity of 51.28% and specificity of 96.67%. The area under the ROC curve for the
diagnosis of CRC by serum CA19-9 detection was 0.62 (95% CI = 1.517-12.342), and the sensitivity and
specificity were 69.23% and 98.33%, respectively. The area under the ROC curve for the combined three
diagnoses of CRC was 0.76 (95% CI = 1.213-6.254), with a sensitivity of 87.18% and specificity of 70.00%,
as shown in Figure 1.
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Figure 1: ROC curve of CRC diagnoses using fecal F. nucleatum detection, FIT, serum CA19-9, and a combination of all three
diagnoses.
4. Discussion

In recent years, with the rapid economic development and changes in people’s living habits, the incidence
and mortality of CRC in China are gradually increasing [, and roughly 20% of CRC patients are found to
be associated with liver metastases at the early stage of diagnosis and progress to advanced stages. The 5-
year survival rate of bowel cancer patients is about 60%. Moreover, due to the CRC patients are being not
vigilant enough and performing limited examinations, the misdiagnosis rate of CRC is approximately 30%
[78] Therefore, improvement of the early diagnosis and screening of CRC is an essential clinical problem
that needs to be solved urgently. In this study, the combined diagnoses of fecal F. nucleatum detection, FIT,
and serum CA19-9 detection were found to have good sensitivity and accuracy, and it has high clinical
application value for the early diagnosis of CRC.

Recently, the research on the relationship between intestinal microecology and CRC has progressed,
and the relationship between intestinal microecology and CRC has gradually been recognized. Gut bacteria

67 Volume 7; Issue 4



have certain carcinogenicity and can drive the occurrence of CRC and change with the development of
CRC B9 F. nucleatum can form a Fap2/Gal-Gal NAc complex through its bacterial protein Fap2 and
become a passive bacterium in the process of CRC lesions, indicating that F. nucleatum is closely related
to CRC lesions %12 Therefore, fecal F. nucleatum has a certain clinical value in the diagnosis of CRC.
Although the detection of fecal microbial markers is convenient and economical, the DNA of fecal
microorganisms is stable, and the extraction method is mature and simple, but due to the diversity of
gastrointestinal flora and its micro-ecological environment, it is easy to obtain errors in the diagnostic
results, thereby leading to misdiagnosis, which is inconsistent with several reports in related studies of using
fecal F. nucleatum as a biomarker for early screening of bowel cancer, which may be due to the differences
in the gastrointestinal flora of patients [12:2%1. The fecal occult blood test is a simple immunological detection
method. However, when the blood concentration in the stool sample is too high, the result will appear as a
false negative, resulting in misdiagnosis 4. Tumor marker CA19-9 has good specificity and accuracy for
the diagnosis of CRC [*° and CA242 also has a certain value in the diagnosis of CRC 161, However, there
are many tumor markers available and it is impossible to detect them one by one. Therefore, the detection
of a single tumor marker has certain exclusivity. It can be seen that a single detection method cannot meet
the needs of clinical early diagnosis. In recent years, the application of joint detection has become the
preferred method for the diagnosis of CRC 7181 put there is still a lack of unified standards for joint
detection indicators. Several detection methods that have been popular in recent years have been integrated
to find a more stable and reliable early diagnosis method for early intervention and treatment, thereby
reducing the mortality rate of CRC.

The combined detection results of the three showed that the sensitivity and sensitivity of fecal F.
nucleatum combined with FIT and CA19-9 detection were significantly higher than that of individual
diagnoses (P < 0.05), indicating that the combination diagnoses can improve the sensitivity of early
diagnosis of CRC, and the ROC curve proves that the accuracy of combined diagnosis of CRC is higher.
In the current clinical diagnostic experiments of CRC, combined detection is often used to improve the
sensitivity or specificity of diagnosis, thereby improving the efficiency of clinical diagnosis. However,
many experiments show that the premise of improving the sensitivity of diagnosis is to reduce the
specificity, and the improvement of specificity is at the expense of reducing the sensitivity. In this study,
the combined detection of fecal F. nucleatum, FIT, and serum CA19-9 significantly improved the
sensitivity of diagnosing CRC. The combined detection can make up for the limitation of single index
diagnosis to a certain extent, and the ROC curve proves that its diagnostic accuracy is high, indicating that
combined detection can improve the sensitivity and accuracy of CRC diagnosis, and can be used as a fast
and effective detection method for screening and diagnosing CRC.

In conclusion, fecal F. nucleatum combined with FIT and serum CA19-9 detection can efficiently and
accurately diagnose CRC with high sensitivity and high diagnostic value, which can provide a reference
for early diagnosis of CRC, and is conducive to timely intervention and treatment to improve the quality of
life of CRC patients.
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