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Objectives: We surveyed the potentials of two diagnostic methods, M2 pyruvate kinase (M2PK)
and fecal immunochemical tests (FIT), in comparison to colonoscopy as the golden standard
strategy.

Materials & Methods: This cross-sectional study was carried out in 2018 in the north of Iran.
Stool samples were taken from 768 subjects. A total of 384 people were tested for M2PK and
384 for FIT. M2PK was evaluated by ELISA (ScheBo kit, Germany), and the FIT was performed
immunologically. Then, Colonoscopy was performed on all people. Finally, sensitivity,
specificity, positive, and negative predictive values were computed.

Results: The mean age of participants was 51.5+14. 6 years. In this population, 68% of people
had lesions in colonoscopy. Occult blood in M2PK and FIT test were 64.6 (U/ML) and 65.9 (ng/
mL), respectively. The sensitivity, specificity, positive and negative predictive values of M2PK
were 72.6%, 87.18%, 82.1%, and 79.7%, respectively. Correspondingly, the results of FIT were
67.1%, 37.1%, 71.9 %, 32.0% respectively.

Conclusion: This study showed that the M2PK test had higher sensitivity and specificity

Keywords: : compared to FIT. Considering that nowadays non-invasive tests like M2PK are cost-effective
M2PK test, FIT test, Colonoscopic:  and easy to perform than colonoscopy, they can be used in the first stage of screening and this can
findings, Diagnostic value :  bea great step in monitoring individuals and identifying pre-cancerous lesions.
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Introduction

olorectal cancer (CRC) is the third most
common malignancy worldwide in both
genders [1, 2]. According to GLOBO-
CAN 2020, CRC is the third most com-
mon cancer in Iran that is the fourth cancer
in men and the second cancer in women
[3]. Considering that CRC progresses from the adenoma
stage to carcinoma in 10 to 15 years, early and regular
screening is necessary to detect it in primary stage [4].

Generally, there are several methods for CRC screen-
ing, one of which is colonoscopy. Colonoscopy is a
screening method with high sensitivity and specificity
but most patients refuse to do it because of its invasive
and painful nature [5, 6]. The non-invasive method in-
cludes the guaiac fecal occult blood test (gFOBT) and
fecal immunochemical tests (FIT).

Today FIT is preferable to gFOBT because of having
automatic analysis, higher sensitivity, and specificity for
the early stages of cancer. FIT is a specific and direct
measure of human hemoglobin in the stool. The basis
of the test is based on monoclonal or polyclonal anti-
bodies against human globin. FIT can be interpreted in
two ways, a qualitative test based on visual indication by
the immunochromatography method, and a quantitative
test which measure hemoglobin numerically by the im-
munoturbidimetric methods and the values greater than
the pre-defined threshold reported as positive. Therefore,
diet does not affect it and it is more specific for lower
gastrointestinal bleeding. Also, due to the possibility of
automatic analysis and quantitative reporting in the form
of micrograms of feces per gram, it is a non-invasive,
cheap, and easy-to-perform method, which is accepted
by most people as a suitable method [5-7]. The test sen-
sitivity in CRC screening is relatively close to 70 to 90%
[8, 9]. M2 pyruvate kinase (M2PK) is a biochemical
test, which is much more convenient and more patient-
friendly method with different performance when com-
pared to FOBT [10]. The concentration of dimeric form
of M2PK mainly increased in tumor cells. Measuring the
level of this test in feces and determining its relationship
with CRC was confirmed in many studies [6, 9, 11, 12].
M2PK is a pyruvate kinase enzyme that plays a key role
in the conversion of phosphoenol pyruvate to pyruvate.
This enzyme is very reactive, powerful, and forms of a
tetramer. In the tumoral tissue that is exposed to oncop-
rotein, M2PK has become dimerized and weak, and this
change is compulsory for tumor metabolism. In gastro-
intestinal tumors, M2PK is released into the gastrointes-
tinal lumen, which is quickly detectable in feces. There-
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fore, due to the low sensitivity of FOBT, invasiveness of
colonoscopy, high cost, and the unwillingness of people,
we investigated the diagnostic efficacy of M2PK and
FIT findings in clinical practice to have a suitable and
correct method for modifying the prognosis and survival
improvement of CRC. The objective of our study was to
assess the M2PK and FIT tests in our clinical practice for
primary screening of CRC due to their easy availability,
ease of use, relatively low cost, and non-invasive nature
as biomarkers.

Materials and Methods
Participants

This study was a cross-sectional analysis that was con-
ducted on 768 people (384 people tested for M2PK, and
384 for FIT) referred to Guilan Gastroenterology and
Liver Clinic in 2018, Rasht, Iran. A colonoscopy was
performed on all new cases due to signs and symptoms
in the colon without previous colonoscopies.

Demographic data

Demographic information filled out included age, sex,
BMI, smoking and alcohol consumption by question-
naire. All data were collected by the physician through an
interview. Inclusion criteria: All people with lower gas-
trointestinal symptoms over 18 years old. For instance,
occult blood in the stool, hematochezia in the absence
of a convincing anorectal source, melena (if the origin
of the upper gastrointestinal system is not considered),
people with iron deficiency. Exclusion criteria: History
of polyps or colon cancer, people with known inflamma-
tory bowel disease, having a positive family history of
cancer and polyps, and pregnant women.

Clinical characteristics

Clinical characteristics including underlying diseases
and gastrointestinal symptoms were obtained through
interview with the patients. Stool samples were also tak-
en from all people, and randomly allocated (1:1) using
block randomization into two groups, 384 people were
tested for M2PK and 384 for FIT. Finally, a colonoscopy
was performed for both groups. M2PK: The sample vol-
ume required to perform this test was 100 mg. The stool
samples were immediately sent to the laboratory center
after collection. The sample should not be kept at room
temperature for more than 48 hours and should be stored
at -20 °C until testing. The M2PK was checked by the
ELISA method (ScheBo kit, Germany) according to the
manufacturer’s instruction. M2PK values greater than
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4 U/ML were considered positive. FIT: Stool samples
were collected. The FIT was performed immunologi-
cally (Vitrotec, Iran). The positive result (qualitative) of
the test indicated abnormal bleeding in the lower diges-
tive tract.

Colonoscopy

Colonoscopy was performed for both groups. The
routine protocol of the colonoscopy section for bowel
preparation was explained to the subjects by a trained
interviewer. To monitor the implementation of the inter-
vention and compliance with walking at the considered
times according to the protocol, two telephone follow-
ups were done the day before the colonoscopy. Biopsy
specimens were evaluated and reviewed by two blinded
expert pathologists.

Samples were analyzed and compared Kappa value
(overall agreement) between the two pathologists was
0.96 (95% CI; 0.98%, 0.94%). The discrepancy between
the pathologists was resolved by consensus or a third
pathologist. Participants were divided into two groups
according to colonoscopy and pathology findings group:
1. People with lesions group, 2. people without lesions.
The result of the M2PK test and stool FIT were com-
pared with colonoscopy and pathology findings in both
groups.

Statistical analysis

Sensitivity, specificity, positive likelihood ratio, nega-
tive likelihood ratio, disease prevalence, positive predic-
tive value, and negative predictive value were calculated
using the statistical program MedCalc. Graphs were
drawn using Prism software, version 7. We used a t-test
for quantitative variables and a chi-square test for quali-
tative variables. A P<0.05 was considered statistically
significant. Data analysis was performed using SPSS-
software, version 23.

Results

Of'the 768 participants, 54.7% were women. The mean
age of participants was 51.5£14. 6 years. Demographic
differences among the M2PK and FIT groups showed
that in the FIT group, women had the largest population
(57.3 %), and in the M2PK group, men had the largest
population (52.1%). In both groups, most participants
were in the age group of less than 50 years. Also, most
participants had a BMI<25. Comparison of patients with
and without colonoscopy lesions by demographic and
clinical characteristics are described in Table 1.
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The sensitivity and specificity of the FIT were 67.1%
and 37.1%, respectively, which were lower than those of
M2PK test, with sensitivity and specificity of 72.6% and
87.1%, respectively. The of diagnostic values of the FIT
and M2PK tests according to the characteristics of the
participants are presented in Tables 2 and 3, respectively.

Discussion

CRC is one of the most common cancers of the gas-
trointestinal system [13]. Most people will not have any
symptoms until the tumor is advanced. The survival rate
depends on the stage of the tumor at the time of diagnosis.
The 5-year survival rate in the early stages is 93% [10].

Non-invasive tests including FOBT (chemical assay),
FIT (immunochemical assay), M2PK (immunochemi-
cal assay), and mt-s DNA (molecular assay- multitarget
stool DNA test) are effective ways to identify early CRC
and precancerous lesions for reducing mortality. Hence,
screening programs reduce the disease burden. Colo-
noscopy is a sensitive and specific screening method but
most patients refuse to undergo it due to its invasive and
painful nature [14]. Parente et al. introduced the use of
fecal markers FIT, M2PK, and calprotectin with high sen-
sitivity and specificity in identifying colorectal neoplasia
[15]. In Song et al. study, FIT was declared as an alter-
native test to FOBT with lower sensitivity, specificity,
and cost [16]. In the study of Gutierrez-Stampa et al. and
meta-analyses, it was stated that FIT should be used as a
supportive diagnostic tool along with the clinical evalu-
ation of patients [17-19]. In the study of Cruz et al. FIT
in combination with M2PK in stool samples can be used
in diagnosing malignancy and assisting the doctor in per-
forming invasive procedures such as colonoscopy [20].

In this study, the sensitivity and specificity of FIT were
67.1% and 37.1%, respectively. In some studies, the
specificity of FIT was reported to be 94%, which is not
consistent with the present study [21, 22]. In the study of
Song et al, the sensitivity of FIT was reported as 73.8%
[16]. In this study, the negative predictive value of the
FIT test was only 32.0%. The negative predictive value
indicate percent of the cases that the test reported as nega-
tive and they are healthy. This index is the proportion of
really healthy people. Since both healthy and sick cases
are included in the calculation of these ratios the predic-
tive value of a test in different societies with different
prevalence values it will be different. In this way, what-
ever the prevalence of a disease if it is less, the negative
predictive value of that diagnostic test will be higher. On
the other hand, the higher the prevalence of a disease, the
more positive the predictive value that test will be.
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Table 1. Comparison of patients with and without colonoscopy lesions by demographic and clinical characteristics

No. (%)
Characteristic Subgroup Total (n=768) P
With Lesion (n=506) Without Lesion (n=262)
Male 258(78.6) 70(21.4) 328
Gender <0.001
Female 243(55.2) 197(44.8) 440
<50 261(62.1) 159(37.9) 420
Age (y) <0.001
>50 251(72.1) 97(27.9) 348
<25 282(61.0) 180(39.0) 462
BMI <0.001
225 215(70.2) 91(29.8) 306
Yes 59(70.2) 25(29.8) 84
Smoking 0.47
No 442(64.6) 242(35.4) 684
Yes 69(65.0) 37(35.0) 106
Hypertension 0.73
No 428(64.6) 234(35.4) 662
Yes 40(74.0) 14(26.0) 54
Diabetes 0.62
No 466(65.2) 248(34.8) 714

CHR

Table 2. Sensitivity, specificity, positive predictive value, negative predictive value and diagnostic accuracy of the FIT test ac-
cording to study variables

(%)
Variables Category
Sensitivity Specificity PPV NPV Accuracy
Male 66.9 36.7 71.8 315 51.8
Sex
Female 67.3 38.7 73.0 324 53.0
<50 67.1 37.1 71.9 31.9 52.1
Age
>50 67.2 37.2 71.9 32.2 52.2
<25 67.2 37.3 72.1 32.0 52.3
BMI
225 67.3 36.9 71.3 32.7 52.1
Yes 66.6 17.4 48.6 30.7 42.0
Smoking
No 67.2 45.5 79.3 31.6 56.4
Yes 68.3 354 72.3 30.8 51.9
Hypertension
No 65.9 37.3 70.9 32.6 51.6
Yes 66.7 371 72.5 31.8 51.9
Diabetes
No 67.2 63.7 71.8 324 65.5
Total All 67.1 371 71.9 32.0 52.1

CIHIR
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Table 3. Sensitivity, specificity, positive predictive value, negative predictive value and diagnostic accuracy of the M2PK quick

test according to study variables

(%)
Variables Category
Sensitivity Specificity PPV NPV Accuracy
Male 72.9 86.5 81.7 79.3 79.7
Sex
Female 71.4 87.6 82.5 79.9 79.5
<50 73.1 85.4 81.2 78.7 79.3
Age
250 70.9 87.2 82.4 80.1 79.1
<25 72.5 87.2 81.9 79.7 79.9
BMI
225 73.1 86.8 82.2 79.1 80.0
Yes 73.6 72.7 65.1 80.0 73.2
Smoking
No 73.1 89.2 90.3 79.5 81.2
Yes 711 87.5 82.4 80.7 79.3
Hypertension
No 72.9 86.2 83.7 79.8 79.6
Yes 72.4 86.9 81.8 81.1 79.7
Diabetes
No 719 87.1 82.2 79.4 79.5
Total All 72.6 87.1 82.1 79.7 79.9
CHR

Various factors can affect the sensitivity and specific-
ity of FIT. Age and gender can have significant effects
on the interpretation of the FIT (fecal immunoassay) test
for colon cancer. Studies have demonstrated that the sen-
sitivity and specificity of this test vary across age and
gender groups [23, 24]. The sensitivity of the FIT test is
higher in older people. This increase in sensitivity may
be due to the increase in hemoglobin concentration in
the stool with age. At the same time, the specificity of
the test may be slightly reduced in older people. In men,
the sensitivity of the FIT test for detecting colon cancer
is higher than in women. This difference may be due to
the higher concentration of hemoglobin in men’s stool.
Moreover, advanced-stage cancers are more commonly
observed in men, which may influence the diagnostic
sensitivity of FIT. To increase the accuracy of the FIT
test in detecting colon cancer, it is suggested that dif-
ferent positive thresholds be used for different age and
gender groups. This strategy may enhance the test’s ac-
curacy by increasing sensitivity and specificity, thereby
decreasing the frequency of unnecessary colonoscopy
procedures [25, 26].

Studies have shown that the sensitivity of the FIT test
varies across different areas of the colon and depends
on the type of lesion [27, 28]. The impact of geographic
region on the results of colon cancer screening using FIT
varies significantly across countries. These differences
are due to factors such as access to health services, re-
gional health policies, demographic characteristics, and
socioeconomic conditions. Challenges include recruiting
participants, determining eligibility, and accessing colo-
noscopy at the appropriate time.

People who have previously participated in screening
programs are less likely to have a positive result on the
FIT test, as previous changes in intestinal tissue may
have been detected [29]. Factors such as diet, physical
activity, smoking, and alcohol consumption can affect
FIT test results. For example, high consumption of fast
food has been linked to an increased likelihood of a posi-
tive FIT test result [29].

Determination of M2PK sensitivity in this study was
reported as 72.6%, which had a higher sensitivity than
the FIT test. study was 64% and 84% respectively [10].
Zaccaro et al. illustrated that the combination of M2PK
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and FOBT will be effective in predicting CRC [30]. The
specificity of M2PK was reported to be 87.1%, which
had a higher specificity than the FIT test. The sensitivity
and specificity of M2PK are consistent with the study
of Uppara et al in England with a sensitivity and speci-
ficity of 79 % and 80% respectively [31]. Also, in the
study of Hamzehzadeh et al. the sensitivity and specific-
ity of M2PK were reported as 79% and 81%, which is
consistent with our investigation [32]. In Aboelsoud et
al study, the sensitivity and specificity of M2PK were
93% and 81%, respectively [33]. In Tonus et al. studies,
the sensitivity and specificity of M2PK were reported as
81% and 95%, respectively [34]. Several other studies
have pointed out the role of M2PK during cancer devel-
opment, and its important role in neoplastic growth and
glycolysis. Therefore, it is used as a marker to identify
CRC [33, 35]. The sensitivity rate in Hardet et al, the
study was 73% [36]. The sensitivity of the occult blood
test in a study by 17. Gutierrez-Stampa et al. in people
with CRC was reported as 24% [17].

In a meta-analysis, M2PK was suggested as a routine
test for CRC screening [34]. In Dabbous et al. report,
M2PK was superior test for differentiating CRC [37]. In
the study of Shastri and his colleagues, FOBT test (sen-
sitivity and specificity 64.5 and 96.3, respectively) com-
pared to M2PK (sensitivity and specificity 72.4, 73.8
respectively) as a more common test, cheaper and faster
was recommended for colorectal neoplasia [38]. In the
study of Fung et al, the sensitivity and specificity of the
FOBT test were higher than M2PK [39].

In the study of Vatandoost et al. DNA methylation
evaluation tests and microRNA examination, along with
stool tests such as FOBT, sigmoidoscopy, and colonos-
copy, were the most accurate and sensitive, and the com-
bination of screening tests was introduced as the best
method [40].

The comparison of the FIT test with colonoscopy find-
ings in the diagnosis of colon lesions showed that the
demographic characteristics of people did not affect the
diagnosis of the findings of these two tests.

Comparing the M2PK test with colonoscopy findings
in terms of the presence of a lesion in demographic char-
acteristics and co-morbidities, the results showed that
there was a difference between the two tests in lesion de-
tection only in terms of smoking. In the study by Ibrahim
et al. no significant correlation was observed between tu-
mor marker M2PK and age and gender [41]. In the Ham-
ilton study, there was no correlation between M2PK and
the age or gender of the patients [42]. Ibrahim et al. study
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and other studies agreed that higher M2PK was observed
in patients with high BMI [41, 43, 44]. However, in the
study of Haug et al, no correlation was observed be-
tween M2PK and BMI, and they acknowledged that no
correlation was observed between BMI and colon cancer
[14]. Also, the M2PK test was weaker in lesion location
and 10 mm lesion size better than colonoscopy. There
was no significant difference between the two tests in
histological findings.

Comparison of demographic characteristics including
sex, age, BMI, hypertension, diabetes in M2PK, FIT and
colonoscopy was not significant (P>0.05).

Our study revealed that non-invasive CRC screening,
like M2PK, is an alternative screening test for patients
who do not want to undergo colonoscopy because of its
reduced costs and high sensitivity and specificity. Al-
though colonoscopy is the clear choice for the detection
of CRC, M2PK is effective and cost-effective for pri-
mary screening of CRC.

Conclusion

The results of this study showed that the M2PK test
had higher sensitivity and specificity compared to FIT.
Therefore, this test can easily help in the recognition
of colon cancer and intestinal polyps due to its higher
sensitivity and specificity compared to FIT. As a result,
M2PK is highly recommended for primary screening of
CRC screening on a large scale due to its easy availabil-
ity, easy-to-perform, relatively low cost, and non-inva-
sive biomarker.

Strengthens and limitations

The strength of this research is that patients with colon
cancer and those with a family history of colon cancer
were excluded from the study, thereby minimizing con-
founding factors and reducing bias. Nonetheless, one of
the limitations our study is that the time interval between
symptom onset, testing, and diagnosis is unknown. On
the other hand, FIT may have low sensitivity in detecting
early-stage cancers and small tumors and only detect a
high percentage of advanced cancers. FIT may also give
false positive results in diseases such as IBD that cause
bleeding in the stool which can affect the results. FIT
can be used in large-scale CRC screening due to non-in-
vasiveness, high patient comfort and acceptance, greater
specificity than gFOBT, the possibility of performing it
annually or at regular intervals, cost-effectiveness, and
easy use. M2PK only indicates the potential presence
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of a lesion and is not capable of identifying its location,
type, or informing treatment decisions.
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