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Abstract
Background: Cancer colon is one of most common cancers worldwide. Colonoscopy; an
invasive and costly investigation method is the most reliable tool for diagnosis. Early
diagnosis of cancer colon gives a high chance of cure. Fecal M2-PK; a tumor biomarker is
a new approach for cancer colon screening. Objective: This study aimed to evaluate fecal
M2-PK as a biomarker for cancer colon screening. Methods: This comparative crosssectional study included 3 groups: 30 healthy individuals (Group Ι), 50 diagnosed cancer
colon patients (Group П) and 20 cancer colon patients who were the only operable patient
from Group П (Group III). For all groups, history and physical examination was done.
Fecal M2-PK concentrations were detected by ELISA. Results: The study revealed that
there was a significant difference between cancer colon patients and healthy individuals
(control) regarding age (p=0.046*), BMI (p=0.004*), history of smoking (p=0.025*),
history of low fiber and high protein diet (p=0.001*), and levels of M2-PK (p=0.001*).
There was a significant difference in the mean value of M2PK levels in relation to sex
(p=0.043*) and site of cancer colon (p=0.002*) only. Cancer colon can be detected with
fecal M2-PK with remarkable sensitivity &specificity (98% and 93% respectively). The
overall accuracy of M2PK in detecting cancer colon was 96.6%. Conclusion: Fecal M2PK is considered as a good screening biomarker for cancer colon.
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Introduction
Cancer colon represents an important
major health problem in the world,
especially in developed countries.1 All
over the world cancer colon consider the
third common cancer, affecting about
1.23 million Patients annual.2
The incidence rate of cancer colon
increased rapidly because it was
associated with many risk factors related
to life style such as smoking, sedentary
lifestyle, obesity, diet that contain high
red and processed meats, and alcohol
abuse.3 In Egypt, The incidence rate
ranges between 2-6 % of all cancer cases

reported yearly and represents as the
sixth common cancer in both male and
female gender.4
Cancer colon is considered as a "silent"
disease, a lot of patients do not develop
alarm signs, like as bleeding or
abdominal pain until the cancer became
incurable.5
The increasing incidence and related
mortality, and the expected history of
cancer colon with slow sequence from a
precancerous polyp to cancer, make
cancer colon very appropriate for people
screening.6 Additional studies revealed
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that screening program and early
prevention of cancer colon reduced the
cost of management.7
The role of screening programs is
detecting and removal of colonic
precancerous lesions before they turn
into cancerous or symptomatic.8
There are many screening tests for cancer
colon which is divided into non-invasive
stool or blood tests and invasive imaging
or endoscopy procedures.9 The goldstandard screening test is colonoscopy,
with a sensitivity and specificity for
discovering polyps and cancers more
than 98%.10
New biomarkers that are simple,
noninvasive,
cost-efficient
and
practically
sensitive/specific
are
immediately required.11 One of these
biomarkers is tumor M2- pyruvate
kinase; which is glycolytic isoenzyme
pyruvate kinase type M2 (M2-PK). It has
a main role in tumor cells and is
expressed in human tumor tissues. The
tissue-specific isoenzymes are replaced
by M2-PK during the neoplastic process.
In tumor cells there is a shift from the
tetrameric form to a nearly inactive
dimeric form. This predominantly raised
M2-PK level also correlates with the
presence of metastases.12
The aim of this work was to study stool
M2-PK as a new biomarker for screening
of cancer colon as this test is sensitive,
specific, and not dependent on occult
blood and no special precaution is
needed before the test.

Methods
This comparative cross-sectional study
was conducted in Benha university
hospital and included eighty individuals.
These were divided into three groups;
group (I) thirty healthy individuals as a
control, group (II) fifty cancer colon
patients and group (III) twenty cancer
colon patients (from patients of group II),
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six weeks post-surgical treatment; they
were the only operable patients.
The studied individuals were selected
from the outpatient clinics, Internal
Medicine Department and surgical
Department in Benha University hospital.
The field work was carried out over the
period between July 2016 and July 2017.
For every patient, a written informed
consent was obtained. An approval from
the Research Ethics Committee in Benha
Faculty of Medicine was obtained.
Patient with cancer colon and other
malignancies were excluded from the
study.
For all subjects, complete history was
obtained with concerning of age, gender,
body mass index (BMI), smoking status,
low fiber and high protein diet and
family history of cancer colon, and
physical examination was carried out.
The diagnosis of cancer colon was
confirmed
by
pelvicabdominal
computed tomography, colonoscopy and
histopathology.
For all groups stool samples were
collected in Paper collecting devices and
were stored for up to 48 hours at room
temperature. No any precaution need
before stool analysis as M2-PK test not
affected by specific foods and no special
diet required.
Fecal M2-PK concentrations were
determined using a commercially
sandwich
ELISA’s based
on
two monoclonal
antibodies which
specifically recognize Tumor M2-PK
(the dimeric form of M2-PK).
According
to
the
manufacturer
instruction, a positive test result was
defined as > 4 U/ML.
Statistical Analysis
The collected data were summarized in
terms of mean ±SD for quantitative data
and frequency and percentage for
categorical data. Chi square test and
Fisher exact test were used to compare
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Table 1: Age and sex distribution of control and cancer colon groups.
Value
Age (years)
47.86±13.89
Mean ±SD (range)
(20-73)
Sex: N (%)
49(61.3)
 Male
31(38.8)
 Female
The study was conducted on 80 participants, where 50 of them had Colon cancer and 30
were free of cancer. Their age ranged from 20 to 73 years old with mean value
47.86±13.89. Regarding sex 61.3% were males (Table 1).
Table 2: Comparison between Cancer colon and control groups.
Cancer colon
group (50)
Mean ±SD
50.26±13.46

Control group (30)
Mean ±SD

Age (years)
43.87±13.89
Age groups
<50
24 (48.0)
21 (70.0)
50-54
5 (10.0)
3 (10.0)
55-59
8 (16.0)
0 (0.0)
60-64
2 (4.0)
2 (6.7)
65-69
9 (18.0)
3 (10.0)
≥70
2 (4.0)
1 (3.3)
Sex
Male
31(62.0)
18 (60.0)
Female
19 (38.0)
12 (40.0)
BMI
28.18±3.25
24.9±3.14
BMI groups
≤25
9 (18.0)
16 (53.3)
>25-30
31 (62.0)
12 (40.0)
>30
10 (20.0)
2 (6.7)
Smoking
16(32.0)
3(10.0)
Positive family history
3(6.0)
1(3.3)
Low fiber high protein
38(76.0)
0(0.0)
diet
M2-PK (U/ML)
9.36±2.72
2.03±0.89

Statistical
test

P value

#2.03

0.046*

^8.05

0.13

$0.03

0.86

#4.42

0.001**

^10.87

0.004**

$5.01
^0.28

0.025*
1.0

$43.43
#14.25

0.001**
0.001**

*=sig
**=highly sig
#=st t test
$=chi square test
^=FET
The results revealed that there was no significant difference between cancer colon patients
and control groups regarding the age (FET=8.05, p value=0.13) and sex (x2=0.03, p
value=0.86). The study found a significant difference between cancer colon patients and
control groups in regard to BMI (x2=10.87, p value=0.004*) as 62% of cases had BMI
>25-30 in comparison to 40% of control group. 32% of Cancer colon group were smokers
compared to 3.3% only of control group and this difference was statistically significant.
Positive family history of Cancer colon group was revealed in 6%(3/50) of cases and
3.3%(1/30) of control .High percentage of cases 76%(38/50) consumed low fiber high
protein diet, however no one in control group consumed such diet and this difference of
statistically significant importance(p value=0.001*). Cancer colon group showed
statistically significant (p value=0.001*) increased in M2-PK levels 9.36±2.72 compared
to levels of such marker in control group which was 2.03± 0.89 (Table 2).
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Table 3: Distribution of Cancer colon group regarding site of colon.
Cancer colon group (50)
%
No
Site of colon
Right
16
32.0
Left
34
68.0
Total
50
100
More than 60 percent of patients had cancer on the left side colon (Table 3). The
distribution of M2-PK levels in regard to different factors, it was demonstrated that there
was a significant difference in mean value of M2-PK levels in regard the sex (male
9.97±2.6, female8.37±2.69& p value=0.043*) and Right colon cancer show statistically
significant (P value=0.002*) increase in M2-PK level (11.06±2.69) more than Left side
cancer (8.56±2.38). The study revealed no significant difference in M2-PK levels
regarding different age groups, BMI, smoking, family history or type of diet (Table 4).
Table 4: M2-PK levels regarding different groups in cancer colon patients.
Cancer colon group
M2-PK
Student t
(50)
P value
Mean ±SD
test
Sex
Male
Female
Age groups
<50
50-54
55-59
60-64
65-69
≥70
BMI groups
≤25
>25-30
>30
Smoking
Yes
No
Family history
Yes
No
Low fiber high
protein
Yes
No
Site
Right
Left

9.97±2.6
8.37±2.69

2.08

0.043*

9.33±3.0
7.4±1.34
10.13±2.8
9.5±2.12
9.22±2.33
12.0±2.83

F= 1.03

0.41

9.11±2.32
9.16±3.06
10.2±1.87

F= 0.59

0.56

9.5±2.68
9.29±2.78

0.25

0.81

10.0±2.65
9.32±2.75

0.42

0.68

1.78

0.08

3.33

0.002**

9.74±2.76
8.17±2.33
11.06±2.69
8.56±2.38

There was no association between M2PK levels and age or BMI (r=0.07, P value=0.62&
r=0.18, P value=0.12) respectively (Table 5). The results showed a significantly (P value =
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0.001) marked decrease in mean value of M2PK between baseline level (10.15±2.03) and
its level 6 weeks later (2.35±0.88) (Table 6).
Table 5: Correlation between M2-PK levels and age and BMI.
Case group (50)
r test
P value
M2-PK
Age
0.07
0.62
BMI
0.18
0.21
Table 6: Differences between M2PK levels after 6 weeks follow up period (group ш).
Group ш (20)
M2-PK (U/ML)

Baseline
Mean ±SD
10.15±2.03

6 weeks later
post operative
Mean ±SD
2.35±0.88

Paired t
test

P value

18.83

0.001**

Table (7): Validity of M2-PK as a predictor of cancer colon:

M2-PK

Cancer colon
group (50)

Control group
(30)

X2

P value

≥3.5
49(98.0)
2(6.7)
67.68 0.001**
<3.5
1(2.0)
28 (93.3)
AUC
0.996
Stand Error
0.004
95%CI
0.99-1.0
Cutoff point
3.5
Sensitivity
98.0
Specificity
93.3
PPV
96.1
NPV
96.6
Accuracy
96.3
The study found that almost all cancer colon patients had M2PK level ≥ 3.5U/ML,
however 93.3% of control had M2-PK level ˂3.5U/ML and this difference is statistically
significant (p value=0.001*). The AUC is 0.996 (CI= 0.99-1), means that M2-PK is an
excellent predictor for colon cancer. Colon cancer can be detected with remarkable
sensitivity &specificity (98% and 93% respectively). The overall accuracy of M2-PK in
detecting colon cancer is 96.6% (Table 7 and Fig. 1).

The Egyptian Journal of Community Medicine

Vol. 36

No. 3

July

2018

Mohamed El–Tantawy Ibrahim, et al

The Fecal M2-PK As A Novel Biomarker For Screening

39

Fig. 1: ROC curve showed the validity of M2-PK as a predictor of cancer colon.
categorical variables while student t test
and ANOVA (F) test was used to
compare quantitative variables. Paired t
test was used to compare M2-PK (U/ML)
between base line and after follow up
period of six weeks. The Pearson
correlation coefficient (r) was used to
assess the correlations between estimated
parameters. The diagnostic performance
of M2-PK for cancer colon patients was
examined and the best cut off points and
the corresponding sensitivity, specificity,
Positive Predictive Value (PPV),
Negative Predictive Value (NPV),
accuracy and the Area Under the Curve
(AUC) were estimated. A P-value <0.05
was considered statistically significant.
All statistical analysis was carried out
using the computerized Statistical
Package for Social Science (SPSS;
Version 20.0 for Windows, SPSS Inc.,
Chicago, IL).

Discussion
Cancer colon is a common malignancy
all over the world. It affects men and
women of all racial and ethnic groups
and most of them were 50 years or older
in developed countries.13 In this study,
the age of the included population ranged
between 20-73ys, with a mean of 50.26
±13.46 years among cancer colon group
patients; but more than fifty percent were
older than 50years and it was
43.87±13.89 years among control group.
This comes in agreement with other
studies in Egypt, as they found that the
mean age of their assessed patients was
51years but also 25% of cancer colon
occurring among patients younger than
40 years.14, 15
Males represented 62% in cancer colon
patients group and 60% in control group
in the present study, with no statistically
significant difference (p > 0.86). This
was in agreement with other studies in

Thailand and United states; as they found
that cancer colon affects men and women
almost equally.16,17 In disagreement with
this Murphy et al and Rim et al found
that cancer colon is more common in
men than women.18,19
In our study, there was no significant
relation between tumor M2PK level and
either age or sex. These results were in
agreement with Hamilton et al20 who
assessed 32 cancer colon patients with a
median age 66 Ys (male to female ratio
was 3:1) and found no association
between fecal tumor M2PK level and
patients' age or sex.
Nutritional related factors and body
weight played a major role in cancer
colon development.21 In this study we
found a significant difference between
the studied groups as regard BMI as 62%
of cancer colon patients had BMI more
than 30 kg/m2 in comparison to 40% of
control group. This was in agreement
with many other studies concluded that,
higher tumor M2PK levels were found in
patients with higher BMI.22,23,24 But
Haug et al25 found no relationship
between fecal M2PK levels and BMI so
they addressed that obesity has no role in
pathogenesis of cancer colon. The type of
food consumed may affect the
pathogenesis of cancer colon as high
percentage of cancer colon patients 76%
consumed low fiber and high protein diet
and the mean level of M2PK in those
patients was high (9.36±2.72), however
no one in control group consumed such
diet and their mean level of M2PK was
normal (2.03±0.89) and this difference of
food habit had a statistically significant
importance (p value=0.001). This
supported other results obtained by other
studies as they found a relation between
cancer colon and high protein diet.26,27
In our study there was a positive family
history of cancer colon is in 6%(3/50) of
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cancer colon patients group and 3.3%
(1/30) of control group and this was
agreed with Bresalier in 2010, The risk
of colorectal cancer in first degree
relatives is increased two to three-fold.28
But Haug et al found no relation between
positive family history of cancer colon
and incidence of cancer colon.25
In this study, 32% of cancer colon
patients were smokers compared to 3.3%
only of control healthy persons and this
difference was statistically significant,
and was in agreement with previous
studies that found a significance
association between cancer colon and
smoking and explained that as smoke
contains many carcinogenic materials
causes damage to the DNA and with time
the body cannot repair this damage.29,30
But previous studies did not found any
relation between smoking and cancer
colon.31, 32, 33
There was a suggestion that there are
differences in epidemiology, clinical
presentation,
histopathology
and
outcome between patient with cancer in
the right and the left side of the colon.34
The etiology for this is unclear, but this
may be due to the difference
embryologic development of the two
segments of the colon which may lead to
different molecular biological patterns of
the tumors which therefore represent a
two separate disease entities.35 Our
results supported this suggestion as we
found that the right colon cancer showed
statistically significant (P value=0.002*)
increase in M2-PK level (11.06±2.69)
more than the left side colon cancer
(8.56±2.38).
In this study only 20 patients were
operable and surgical treatment was done
with basal mean M2-PK was10.15±2.03
but after 6 weeks follow up the results
showed significantly (P value = 0.001)
marked decrease in mean value of M2PK to 2.35±0.88.
The results of this study showed that
almost all cancer colon patients had M2-

33

PK level more or equal to 3.5U/ml,
however 93.3% of control individual had
M2-PK level less than 3.5U/ml and this
difference is statistically significant (p
value=0.001*). The cutoff value for fecal
tumor M2-PK levels was 4 U/ml, as
recommended by the manufacturer and
other similar studies.36,37 Schulze, 2000
reported a diagnostic specify of 89%
with a higher sensitivity when compared
with CEA, CA19-9 and CA72-4. He also
concluded that M2-PK should be used in
combination with CEA to increase the
sensitivity.38
Limitations of the study: Although in this
study tumor fecal M2-PK can be a useful
biomarker in diagnosis of cancer colon
with relative sensitivity and specificity,
there are still several limitations in this
study as a relative small number of
participants
and
a
significant
heterogeneity among patients and
control.
Recommendations:
Our recommendations are to perform
further studies with larger numbers of
patients to put M2-PK as one of the
screening markers for cancer colon.
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