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ABSTRACT

Cancer has become one of the most important causes of
mortality that human beings have faced in this century.
Because the digestive system is a region where nutrients
are involved and processed in the human body, colorec-
tal cancer (CRC) has been increasing in recent years due
to irregular and bad nutrition, stress, immobility and
increased environmental pollution. Early detection has
become one of the most important ways to stay alive in
cancer. In recent years, artificial intelligence studies
have begun to be used in the diagnosis and treatment of
cancer. In this study, there is a search for early and prac-
tical diagnosis by analyzing some blood data acquisition
related to colon cancer from different literatures togeth-
er. Seven different biomarkers and blood-related gene
data acquisition were used in the literature and WBC,
CRP and CEA type may be used as biomarkers to diagno-
sis and follow-up for colorectal cancer.
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Kanser, insanoglunun bu ytizyilda karsilastigi en 6nemli
6lim nedenlerinden biri haline gelmistir. Sindirim siste-
mi, besinlerin insan viicudunda yer aldig1 ve islendigi
bir bolge oldugundan, diizensiz ve kotii beslenme, stres,
hareketsizlik ve artan gevre kirliligi nedeniyle son yillar-
da kolon kanseri artmaktadir. Erken teshis, kanserde
hayatta kalmanin en énemli yollarindan biri haline gel-
mistir. Son yillarda, kanser teshisinde ve tedavisinde
yapay zekd calismalar1 kullanilmaya baslanmistir. Bu
calismada, farkli literatiirlerden kolon kanseri ile ilgili
bazi kan verilerini analiz ederek erken ve pratik tani
icin bir ¢calisma yapilmistir. Literatiirlerden yedi farkl
biyobelirte¢ ve kanla ilgili veri toplama kullanilmis ve
WBC, CRP ve CEA adl biyobelirteglerin kolon kanseri
tespiti ve takibi i¢in kullanilabilecegi ¢ikarimi yapilmis-
tir.

Anahtar kelimeler: Biyobelirteg, gen, kan, kanser, ko-
lorektal kanser, teshis.
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INTRODUCTION

During cell growth and division, accumulation of vari-
ous genetic and epigenetic alterations leads to transfor-
mation of a normal cell into a cancer cell. Cells evolve
from apoptosis by malign transformation to grow inde-
pendently and accelerate cell cycle (1) and it is an un-
controlled growth of body cells, which can spread by
circulation and affect other parts of the body. Carcino-
genesis is a multi-step events chain including transfor-
mation, survival, proliferation, invasion, angiogenesis,
and tumor metastasis (2). Results from GLOBOCAN (3),
Ferlay et al. (3) showed that approximately 14.1 million
new cancer cases diagnosed worldwide in 2012 and 8.2
million estimated deaths from cancer. Colorectal cancer
(CRC) is the third most common cancer in men and is
seen in the second most common women and account-
ing for about 1.4 million new cases and almost 700 000
deaths in 2012 (3, 4). The most important condition of
cancer survival is that the disease is uncovered at an
early stage before it spreads. If the cancer is diagnosed
early, the chances of treatment and survival increase.
Digital information generated in many areas of life is
stored on computers. With the increasing spread of
information technology day by day, the resulting data
have reached very different and big dimensions. Much
data has been gathered to produce meaningful results
and to use them when necessary, and analysis of these
data has become a need (5). Due to such a need, data
mining has begun to develop. Various techniques are
used in the health sector with the development of meth-
odologies for collecting data from databases (6). Medi-
cal data related to patients are usually stored in un-
structured databases where the results obtained from
examinations and medical findings are written by a
doctor in a text format and have not yet been analyzed
in detail (7).

Colorectal cancer is normally not detected in the blood.
Only with blood tests doubt about colon cancer may
arise. Some types of cancers make themselves visible
with changing biomarkers in the blood. These bi-
omarkers were named as carbohydrate antigen (CA 19-
9), C-reactive protein (CRP), Carcinoembryonic antigen
CEA (CEA) , White blood cell (WBC) and mean cell vol-
ume (MCV). In addition, there are some gene changes
in cancer such as Adenomatous polyposis coli (APC)
and MLH1 gene for diagnosis and follow-up. Seven bi-
omarkers (contains some traces and gene) of blood-
related data were used from the literature. In this study,
an attempt was made to search for an answer to the
question whether we can detect colorectal cancer by
using different blood data in the literature included in
the healthy reference range of the colorectal cancer
patient and non-reference values.

MATERIAL and METHODS

Blood values related to the patient with colon cancer
used in this study were obtained from various litera-
ture. Colorectal cancer cases have been more common
in recent years. In order to diagnose this type of cancer
early, and practically from the blood, seven biomarkers
containing important links have been identified in the
literature. For this study, 34 articles from 2000 to 2020
were scanned and the results of 6384 patients were
examined. This study includes blood data such as gene
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(APC, MLH1; mutation numbers in related genes were
analyzed) and some biomarkers (CA 19-9, CRP, CEA,
WBC, MCV) of 6384 colorectal cancer patients. Blood
values, an important parameter in the diagnosis and
follow-up of diseases, were examined. The values in
range and out range on the blood tests of the patients
and whether they contain mutations in the two genes
were analyzed.

These data acquisition was then extracted, analyzed,
and tabulated using Excel software on the PC. Origin
Pro2015 and Matlab R2017a software were used for
the analysis and correlation of the data acquisition from
the patients.

RESULTS

These data were collected from the literature on values
included in the healthy reference range of the colon
cancer patient and non-reference values. These num-
bers on seven types biomarkers (gene and some meta-
bolic traces) obtained from colon cancer patients' blood
are given in the table below. The biomarkers and genes
used in this study are: MLH1 Mut. (mutation) (8-10),
APC Mut. (11-14), CRP (15-18), CEA (18-23), CA 19-9
(18, 22, 24), WBC (25), MCV (26-29), and mutation
numbers in related genes were analyzed.

In our study, 6384 patient data obtained from 22 arti-
cles were used. The number of patients with related age
ranges, gender and tumor grades are given in table L. It
is seen that the patients in the analysis are generally
above middle age. Number of females: 2387, number of
males: 3677, number of patients in tumor degrees, (I, 11,
[IT and IV) respectively: 469, 1116, 1223, 606. The age,
gender and tumor grade information of some patients
could not be found from the related literature and this
information is indicated under the Table I. The data of
biomarkers and genes obtained from the blood of these
colon cancer patients are given in other tables.

Figure I, Figure II (a, b,c, d, €) and Table Il demonstrates
the five biomarkers (CRP, CEA, CA 19-9, WBC, MVC) and
their healthy reference values, percent of range in, out
of reference values, percent of range out, total CRC pa-
tient which were obtained by the blood of the patients
and the number of patients that these values were be-
longed to.

Figure I, Figure II (f, g) and Table III demonstrates two
genes (MLH 1 mut, and APC mut.) and their healthy
reference values, percent of range in, out of reference
values, percent of range out, total CRC patient which
were obtained by the blood of the patients and the
number of patients that these values were belonged to.

DISCUSSION

Mortality and morbidity in colorectal cancer increase,
partly due to early detection of the disease. Non-
invasive screening of colorectal cancer can be per-
formed using blood-based biomarkers that will allow
early detection of the disease (30). Existing biomarker-
based tests used practically for colorectal cancer scan-
ning is strictly limited because most of the laboratory
work do not transform into highly sensitive and specific
early diagnostic tests (31). Toma and his colleagues
stated that while colonoscopy remains an important
standard in the diagnosis and treatment of colorectal
cancer, other non-invasive options may be required that
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Table I. Descriptive statistic of related research (the number of patients, age, gender, and tumor grade)

Related Age (number of patients) Gender (number of patients) Tumor grade (number of patients) N
Research
Number
Age range N female male 1(n) 2(n) 3(n) 4 (n) (Total
(n) (n) patients)
8* 24-80 51.7 30 36 - - - - 66
9* - - - - 16 86 108 39 249
10* 20-90 62.9 61 69 - - - - 130
<40 15
41-60 40
61-80 58
>81 17
11* 23-86 53 44 68 - 26%* 45 41 112
<60 73
260 39
12* median 57 - - - 35 8 - 43
<50 13
=50 30
13* median 60.5 18 - 28 - - - 46
36-50 9
51-70 28
71-84 9
14* - - 50 53 19%** 36 31 11 103
15* 31-97 73 232 293 77 183 145 120 525
<65 152
66-79 211
>80 162
16* median 59.0 364 332 - - - - 696
<59.5 343
>59.5 353
17* <60 98 - 288 - - - - 288
60-69 114
>70 76
18* <70 192 113 222 - 133 112 90 335
270 143
19* - - 66 59 - - - - 125
20% median 64.2 18 28 K - 43 46
21* <40 56 143 270 8 88 229 88 413
40-60 147
>60 210
22% <60 106 122 157 51 117 96 15 279
260 173
23* Median 66.6 523 548 - - - - 1071
51.7-80.3 609
53.7-81.1 462
24* 31-105 63.15 67 49 13 48 44 11 116
25* group 1 <65 161 110 165 60 85 92 38 275
265 114
25* group 2 <65 120 79 119 54 60 63 21 198
265 78
25* group 3 <65 69 53 74 26 33 53 15 127
265 58
26* 48.1-62.2 55.1 - 497 - - - - 497
27* 40-77 64 21 42 9 25 20 9 63
28* median 68.1 166 190 81 113 115 46 356
<65 130
265 226
29% 28-92 62 107 118 27 74 62 62 225

Related researched was shown by numbers on the table. Respectively, the number of patients in the related age range, the number of patients of the
related gender and the number of patients in the related tumor grade. Numbering of the related research was done by using the articles which were
indicated the reference section in detailed.

(-) demonstrates that related data was not shown.

** The number of patients with tumor grade is combined.

*** n.a. 6 patients.
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Table II. Calculations and values from colorectal cancer patient blood.
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References

biomarker

healthy reference values
percent of range in

out of reference values
percent of range out

Total CRC patients

References
biomarker

healthy reference
values
percent of range in

out of reference val-
ues
percent of range out

Total CRC patients

References

Biomarker

healthy reference values
percent of range in

out of reference values
percent of range out

Total CRC patients

References

biomarker

healthy reference values
percent of range in

out of reference values
percent of range out

Total CRC patients

References

biomarker

healthy reference values
percent of range in

out of reference values
percent of range out

Total CRC patients

(18)
CEA
158

47
173

53
335

(15)
CRP
99
19
426
81.2
525

(19)
CEA

125

100
125

(18)
CA19-9
230
68.7

97

29

335

(25)

WBC
20
7.3
255
92.7
275

(26)
Mcv
180
51,9
167
489

347

(16)
CRP
209
30
487
70
696

(27)
Mcv
25
39,7
37
60,3

63

(20)
CEA
18

39.1
28

60.9
46

(22)
CA19-9
238
85.3

41

14.7

279

(25)

WBC
27
13.6
171
86.4
198

a7) (18)
CRP CRP
94 255
32.6 76.1
194 80
67.4 23.9
288 335
(21) (22) (23)
CEA CEA CEA
260 149 462
63 53.4 43
153 130 609
37 46.6 57
413 279 1071
(24)
CA19-9
13
11.3
103
88.7
116
(25)
WBC
37
29.1
90
70.9
127
(28) (29)
MCV MCV
306 70
86 50
50 70
14 50
356 140
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Table III. Calculations and values from colorectal cancer patient blood (Gene).

References (8) 9) (10)
gene MLH 1 mut MLH 1 mut MLH 1 mut
healthy reference values 58 234 95
percent of range in 88 94 73
out of reference values 8 15 35
percent of range out 12 6 27
Total CRC patients 66 249 130
References (11 (12) (13) (14)
gene APC mut APC mut APC mut APC mut
healthy reference values 79 25 20 32
percent of range in 70.5 58 43 31
out of reference values 33 18 26 69
percent of range out 29.5 42 57 71
Total CRC patients 112 43 46 103
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Figure I. Association of changes in patients with colorectal cancer, with reference in and reference out; a) biomarkers, b) gene.
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Figure II. Association of gene/ biomarkers changes in patients group with colorectal cancer, percentage with reference in and
reference out: a) CRP, b) CEA, c¢) CA 19-9, d) WBC, e) MCV, f) MLH 1 Mut, g) APC Mut.
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may suggest new methods to early diagnosis (32). Mul-
tiple blood tests have become an important point in
becoming a faster and more practical blood test alterna-
tive to the fecal occult blood test for early diagnosis of
this disease. Werner and his colleagues’ study stated
that CEA and anti-p53 can contribute to the develop-
ment of a multi-marker blood-based test for early de-
tection of colorectal cancer (33).

Normally, colorectal cancer was not detected in the
blood. Only with blood tests doubts about colon cancer
may arise. In this study, an attempt was made to search
for an answer to the question whether we can detect
colorectal cancer by using different blood data in the
literature. For the diagnosis of colorectal cancer and
guidance in follow-up; it is aimed to search for serious
clues by going out from some kind of data. However, it
is a fact that there is no certainty in this quest. Perhaps
together with several different markers, could be a clue
to this diagnosis and follow-up guidance. Due to the
reason that these indicators can change in other diseas-
es and physiological events.

Elevated inflammatory biomarkers and gene mutations
are associated with increased CRC risk, particularly
colorectal cancer. However, over time, changes in bi-
omarkers and gene mutations do not suggest that they
deserve to be considered early detection markers for
CRC. This study supports a role for inflammation in
CRC, but also demonstrates that these markers are not
useful for early detection of CRC (34). Gao his col-
leagues reported that combined serum markers can not
only be used to diagnose colorectal cancer but also can
be used to guide treatment and assess the tumor status
for patients' prognosis (22).

Seven different biomarkers and gene mutations ratios
of 6384 colorectal cancer patients obtained from the
literature were examined (see Table II and Table III)
and the correlation between the numbers of people
inside and outside the healthy reference range has been
tried to be analyzed by various computer programs
(Excel, Origin Pro 2015, Matlab R2017a).

In this study with various gene and biomarkers data in
the literature; MLH1 Mut, MCV, CA 19-9, APC Mut, CRP,
CEA, and WBC were evaluated for the values of 6384
CRC patients. In this regard, it has been discussed which
type of gene and biomarkers is more prominent in the
detection of the cancer concerned, using data obtained
from the blood of CRC patients.

In a study of Paik and colleagues on colorectal cancer, it
was reported that the number of WBCs increased with
increasing lesions (25). In three separate studies with a
total of 600 patients; with the WBC out of the healthy
reference range being 83.31% associated with CRC
(see Figure I). If the WBC score is outside of the healthy
reference interval, it can be considered that the patient
has cancer with probability of 83.31% (see Figure I). In
this case, the other gene and biomarkers strains are
sorted (see Figure I) in terms of the relative propor-
tions; 2144 patients had CEA (58%) and 3783 patients
had CRP (56%) (see Figure Ia). According to the results,
the three of the biomarkers which were WBC, CRP and
CEA were more effective in early detection of colorectal
cancer (CRC) compared to the other two biomarkers;
CA 19-9 and MCV (see Figure I). On the other hand,
there were no significant differences between the pa-

tient in healthy reference range and out of the range in
terms of MLH1 mut. and APC mut. (See Figure Ib).
There are several studies on the interaction of the CEA
tumor marker with colorectal cancer. CEA is a tumor
marker that is overexpressed, especially in colorectal
cancer, and there are many conflicting findings about
the sensitivity and usefulness of this tumor marker (19,
20). The percentages of the individuals included in the
reference range of 7 different gene and biomarkers
were compared (see Figure II). Based on the percent-
ages of patients in the healthy reference range, f (MLH1
mut), a (CRP), b (CEA) gene/biomarker graphs are
similar (see Figure II). According to the results, the
most efficient ones were CRP, CEA, and WBC (see Figure
ID).

Conclusion

It may be said that by going out of these results; WBC,
CRP and CEA together can be used as biomarkers for
colorectal cancer detection and follow-up for colorectal
cancer.

REFERENCES

1. Hanahan D, Weinberg RA. The hallmarks of cancer.
Cell 2000; 100:57-70.

2. Gupta SC, Kim JH, Prasad S, et al. Regulation of sur-
vival, proliferation, invasion, angiogenesis, and
metastasis of tumor cells through modulation of
inflammatory pathways by nutraceuticals. Cancer
Metastasis Rev 2010; 3:405-434.

3. Ferlay ], Soerjomataram I, Ervik M, et al. GLO-
BOCAN 2012: estimated cancer incidence and mor-
tality worldwide in 2012. Int ] Cancer 2012; 136:
E359-E386.

4. JARC Handbooks of Cancer Prevention Volume 17:
Colorectal Cancer Screening. 2018. 256.
https://www.iarc.fr/wp-content/uploads/2018/07/
pr256_E.pdf

5. Han ], Kamber M, Pei ]J. Data mining concepts and
techniques. (3th ed). Elsevier, Waltham 2012.

6. Jothi N. Abdul-Rashid NA, Husain W. Data mining in
healthcare. Procedia Comput Sci 2015; 72:306-313.

7. Peterkova A, Michaltonok G. Preprocessing raw
data in clinical medicine for a data mining purpose.
] Slovak Uni Tech 2016; 24:117-122.

8. Rosty C, Clendenning M, Walsh MD, et al. Germline
mutations in PMS2 and MLH1 in individuals with
solitary loss of PMS2 expression in colorectal carci-
nomas from the Colorectal Cancer Family Registry
Cohort. BM] Open 2016; 6: e010293.

9. Djansugurova L, Zhunussova G, Khussainova E, et
al. Screening the APC, MLH1, MSH2 and TP53 muta-
tions in patients with early onset of colorectal can-
cer. ] Carcinogen Mutagen 2014; 5:1000197.

10. Alawad GM, Ahmed HG, Alshaikh AA, et al. Associa-
tion of colorectal cancer type and P53, PTEN and
MLH1 genes in northern Saudi Arabia. Gastroenter-
ol Hepatol 2017; 7:00232.

11. Jauhri M, Bhatnagar A, Gupta S, et al. Prevalence
and coexistence of KRAS, BRAF, PIK3CA, NRAS,
TP53, and APC mutations in Indian colorectal can-
cer patients: Next-generation sequencing-based
cohort study. Tumor Biol 2017; 12:1-11.

12. Liu X, Shan X, Friedl W, et al. May the APC gene

82 Saglik Bilimleri Dergisi (Journal of Health Sciences) 2020 ; 29 (2)



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

somatic mutations in tumor tissues influence the
clinical features of Chinese sporadic colorectal can-
cers? Acta Oncol 2007; 46:757-762.

Traverso G, Shuber A, Levin B, et al. Detection of
APC mutations in fecal DNA from patients with
colorectal tumors. The New Engl ] Med 2002; 346:
311-320.

Vasovcak P, Pavlikova K, Sedlacek Z, et al. Molecu-
lar genetic analysis of 103 sporadic colorectal tu-
mours in Czech patients. Plos ONE 2011; 6:
e24114.

Kersten C, Louhimo J, Algars A, et al. Increased C-
reactive protein implies a poorer stage-specific
prognosis in colorectal cancer. Acta Oncol 2013; 52:
1691-1698.

Aleksandrova K, Jenab M, Boeing H, et al. Circulat-
ing c-reactive protein concentrations and risks of
colorectal and rectal cancer: A nested case-control
study within the European prospective investiga-
tion into cancer and nutrition. Am ] Epidemiol
2010; 172:407-418.

Wu ], Cai Q, Li H, et al. Circulating C-reactive protein
and colorectal cancer risk: a report from the Shang-
hai Men’s Health Study. Carcinogenesis 2013; 34:
2799-2803.

Ishizuka M, Nagata H, Takagi K, Kubota K. C-
reactive protein is associated with distant metasta-
sis of t3 colorectal cancer. Anticancer Res 2012;
32:1409-1416.

Younesi MR, Aligoudarzi SL, Lashgari M, et al. Pro-
spective study of serum carcinoembryonic antigen
in patients with newly diagnosed colorectal cancer
and healthy individuals. Ann Clin Lab Res 2016; 4:1
-5.

Saito G, Sadahiro S, Okada K, et al. Relation between
carcinoembryonic antigen levels in colorectal can-
cer tissue and serum carcinoembryonic antigen
levels at initial surgery and recurrence. Oncology
2016; 91:85-89.

Su BB, Shi H, Wan ]. Role of serum carcinoembryon-
ic antigen in the detection of colorectal cancer be-
fore and after surgical resection. World ] Gastroen-
terol 2012; 18: 2121-2126.

Gao Y, Wang ], Zhou Y, et al. Evaluation of serum
cea, cal9-9, ca72-4, cal25 and ferritin as diagnostic
markers and factors of clinical parameters for colo-
rectal cancer. Sci Rep 2018; 8:1-9.

Amr R, Bordelanou LG, Sylla P, Berger DL. Preoper-
ative carcinoembryonic antigen as an outcome pre-
dictor in colorectal cancer. ] Surg Oncol 2013; 108:
14-18.

Sisik A, Kaya M, Bas G, Basak F, Alimoglu O. Cea and
ca 19-9 are still valuable markers for the prognosis
of colorectal and gastric cancer patients. Asian Pac ]
Cancer P 2013; 14: 4289-4294.

Paik KY, Lee IK, Lee YS, Sung NY, Kwon TS. Clinical
implications of systemic inflammatory response
markers as independent prognostic factors in colo-
rectal cancer patients. Cancer Res Treat 2014; 46:
65-73.

Fujimori S, Kishida T, Yonezawa M, et al. Mean cor-
puscular volume may be a useful index of risk for
colorectal adenoma in middle-aged Japanese men.
Am ] Gastroenterol 2000; 95:793-797.

27.

28.

29.

30.

31.

32.

33.

34.

Bursalioglu OE

Prutki M, Poljak-Blazi M, Jakopovic M, et al. Altered
iron metabolism, transferrin receptor 1 and ferritin
in patients with colorectal cancer. Cancer Lett
2006; 238:188-196.

Juha P, Vayrynen JP, Tuomisto A, et al. Preopera-
tive anemia in colorectal cancer: relationships with
tumor characteristics, systemic inflammation, and
survival. Sci Rep 2018; 8:1126.

Spell DW, Jones DV, Harper WF, Bessman ]D. The
value of a complete blood count in predicting can-
cer of the colorectal. Cancer Detect Prev 2004; 28:
37-42.

Hauptman N, and Damjan Glavac D. Colorectal can-
cer blood-based biomarkers. Gastroent Res Pract
2017; 2195361.

Loktionov A. Biomarkers for detecting colorectal
cancer non-invasively: DNA, RNA or proteins?
World ] Gastro Oncol 2020;12: 124-148.

Toma SC, Ungureanu BS, Patrascu S, et al. Colorec-
tal cancer biomarkers -A new trend in early diagno-
sis. Curr Health Sci ] 2018; 44: 140-148.

Werner S, Krause F, Rolny V, et al. Evaluation of a 5-
marker blood test for colorectal cancer early detec-
tion in a colorectal cancer screening setting. Clin
Cancer Res 2015; 22:1725-1733.

Toriola AT, Cheng TYD, Neuhouser ML, et al. Bi-
omarkers of inflammation are associated with colo-
rectal cancer risk in women but are not suitable as
early detection markers. Int ] Cancer 2013;
132:2648-2658.

Saglik Bilimleri Dergisi (Journal of Health Sciences) 2020 ; 29 (2) 83



