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INTRODUCTION 

Every year approximately one million people worldwide are 

diagnosed with colorectal cancer and nearly 529,000 people 

die from this neoplasm.
[1] 

Due to slow development of the 

disease, colorectal cancer screening is particularly effective. 

Therefore, regular screening examinations can significantly 

reduce cancer morbidity and mortality. Several guidelines 

for colorectal cancer screening in different countries have 

been proposed, such as the fecal occult blood test, 

sigmoidoscopy, double-contrast barium enema, or 

colonoscopy.
[2-5]

 

 

Although colonoscopy is the gold standard for the early 

detection of colorectal cancer and its precancerous lesions, it 

has some drawbacks. The procedure is invasive, expensive, 

associated with the highest rates of complications
[6]

 and has 

low acceptance by the general population. For example, 

only 1.7% of those people entitled to colonoscopy under the 

German National Colorectal Cancer Screening Program 

actually undergo the procedure.
[7]

 In contrast to 

colonoscopy, the fecal occult blood tests (FOBTs) are 

widely accepted.
[3-5]

 They are based on the premise that 

polyps and cancers bleed more than normal mucosa.
[8] 

 

Consequently, non-bleeding colo-rectal tumors or polyps 

and those not consistently discharging sufficient blood into 

the intestinal lumen are not detected by either guaiac or 

immunological FOBTs. Therefore, the sensitivities of these 

tests are limited. For the guaiac- based FOBT, sensitivities 

of less than 30% for colorectal cancer and less than 15% for 

advanced adenomas have been described by Lieberman et 

al
[9]

 and by Koss et al.
[10]

 In addition, there is a need for both 

dietary and medication restrictions because certain foods 

(such as red meat, and some raw foods and vegetables), 

vitamin C or aspirin may lead to false-positive results. This 

has a negative impact on the specificity of guaiac-based 
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ABSTRACT 

Background: Colorectal cancer (CRC) is a disease with a major impact on public health and public health costs. 

Colonoscopy is the gold standard screening tool for CRC. However, its acceptance by the general population is 

relatively low; hence evaluation of other non-invasive screening tools is essential. M2 pyruvate kinase (M2PK) 

appears to be a good candidate, yet its accuracy is not yet fully assessed. Aims: To Estimate sensitivity, 

specificity, positive (PPV) and negative (NPV) predictive value of M2PK relative to colonoscopy in screening of 

CRC in anemic patients with unexplained bleeding per rectum and unintentional weight loss in Egypt. Methods: 

Thirty consecutive cases of anemia complaining of unexplained bleeding per rectum and unintentional weight loss 

were subjected after taking informed consent to colonoscopy and multiple biopsies were taken for 

histopathological assessment. Fecal tumor M2PK level was measured using an ELISA kit in both groups. Results: 

Sensitivity was (75%), specificity (60%), PPV (78%) and NPV (54.5%). Conclusion: Measurement of tumor 

M2PK in stool seems to be a promising tool for CRC screening at present time in combination with colonoscopy. 
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FOBTs.
[11]

 However, despite these limitations, guaiac-based 

FOBTs have been shown to reduce mortality in the range of 

15-33% in screened populations.
[12, 13] 

 

Even though the disadvantage of dietary restriction has been 

overcome by the development of more expensive 

immunological FOBTs, the problems of detecting 

intermittently bleeding cancers and precancerous polyps is 

still a problem. 

 

In order to increase participation in colorectal cancer 

screening programs, a non-invasive, easy, fast, and 

economical screening method is needed. Further it should 

not be dependent upon the presence of occult blood and 

should have good patient compliance, high sensitivity and 

high specificity. Here in this study we are targeting a special 

subgroup of the patients who has frank bleeding per rectum 

without obvious cause, which make FOBTs even not 

practical and of no use. 

 

The M2PK stool test is therefore of interest, as it is a 

screening test for the detection of adenomas and colorectal 

tumors. It is based on the measurement of a key enzyme 

involved in tumor metabolism
[10, 14-21]

 and is independent of 

the presence of occult blood. Tumor M2PK is the dimeric 

form of the glycolytic pyruvate kinase isoenzyme type 

M2.
[22, 23] 

This enzyme catalyzes the last reaction step within 

the glycolytic sequence, from phosphor-enolpyruvate to 

lactate, and is responsible for net ATP production within 

this pathway. Enzymatic characterization of a wide range of 

different tumors revealed that oncogenesis is accompanied 

by an increase in total pyruvate kinase v-max activity. Fecal 

M2PK is stable for 48 hours at room temperature, 72 hours 

at 4–8C, and 1 year at –2C. Undiluted stool extracts may 

be stored without adverse effects for 1 day at 4–8C or for 4 

weeks at –20C.
[24] 

 

PATIENTS AND METHODS 

Thirty patients were included complaining of significant 

weight loss (more than 10% of body weight), anemia 

(defines as hemoglobin less than 14 gm/dl for males and 

less than 12.3 gm/dl for females
[25]

), bleeding per rectum. 

Patients were subjected - After informed consent according 

to Declaration of Helsinki- to colonoscopy (Figure. 1) and 

biopsy taking for histopathological assessment. Patients 

with any other disease causing upper and lower GIT 

bleeding like liver cirrhosis, cancer stomach, 

angiodysplasia, diverticulosis, hemorrhoids &/or fissures 

were excluded. 

 

All individuals were subjected to Stool sampling; one stool 

sample was collected before bowel preparation for 

colonoscopy or after colonoscopy when the patient’s stool 

had become sufficiently firm. A clean plastic container (100 

mL) and a plastic spoon were provided for stool collection. 

No dietary restrictions were imposed. The stool sample 

collection procedure was explained to the patient by nursing 

staff after being trained to explain the standard collection 

method. Patients who returned very watery stool samples 

were asked to collect a firm stool sample. 

Patients were instructed not to contaminate stool samples 

with toilet bowl water. Stool extraction was done using the 

FECAL TUMOR M2PK QUICK PREP KIT (SCHEBO 

BIOTECH AG, GIESSEN, GERMANY). Fecal tumor 

M2PK level was measured using an ELISA kit (SCHEBO 

BIOTECH AG) in accordance with the manufacturer’s 

protocol. The kit was validated for quantification of fecal 

tumor M2PK at any level. An M2PK cutoff level of 4 U/mL 

was used according to the manufacturer’s instructions and 

other similar studies. Patients whose fecal tumor M2PK 

levels were greater than the cutoff level were classified as 

positive for tumor M2PK.
[24] 

 

 

 

 

 
Figure (1): Colonoscopy showing cancer colon. 

 

STATISTICAL ANALYSIS 

Statistical analysis was done using Statistical Package for 

Social Sciences (SPSS/version 20) software. Categorized 

data was presented as number and percent while the 
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numerical data was presented as mean, standard deviation, 

for comparison between the two groups t-test was used. The 

level of significance was 0.05. ROC curve (Receiver 

operating characteristic curve) was done to determine the 

cut off value of M2PK marker in detection of positive cases. 

 

RESULTS 

Table (1) shows the characteristic features (sex, age) of the 

studied groups. Males were 27 (90%) and females were 3 

(10%). Age < 50 was 11 (36.7%) and >50 was 19(63.3%), it 

ranged between 40-62 years with a mean value 54.66.25. 

Mean of Hemoglobin level among the selected patients was 

9.1 gm/dl. Table (2) shows sensitivity, specificity, positive 

and negative predictive values of M2PK marker in relation 

to colonoscopy as a gold standard method. Sensitivity was 

(75%), specificity (60%), PPV (78.9%) and NPV (54.5%). 

Table (3) shows comparison between the patients positive 

and negative by colonoscopy and the level of M2PK. 

M2PK in positive colonoscopy ranged 2.11-30.1 U/mL with 

mean value 16.078.82 and negative colonoscopy ranged 

0.67-22.6 U/mL with mean value 8.489.41. 

 

Table (1): Characteristic features of the studied 

groups. 

 Number Percent 

Sex 

Male 

Female 

 

27 

3 

 

90.0 

10.0 

Age (years) 

<50 

>50 

 

11 

19 

 

36.7 

63.3 

 

Table (2): Sensitivity, specificity, positive and negative predictive values of M2 PYRUVATE KINASE marker in 

relation to colonoscopy. 

M2-PK 

Colonoscopy 
Total 

Positive Negative 

No. % No. %  

Positive 15 75.0 4 40.0 19 

Negative 5 25.0 6 60.0 11 

Total 20 100.0 10 100.0 30 

Sensitivity 

Specificity 

PPV 

NPV 

75.0% 

60.0% 

78.9% 

54.5% 

 

 

Table (3): Comparison between the patients positive 

and negative by colonoscopy and the level of M2 

PYRUVATE KINASE. 

M2-PK 
Colonoscopy 

Positive Negative 

Range 

Mean 

S.D. 

2.11-30.1 

16.07 

8.82 

0.67-22.6 

8.48 

9.41 

T P 3.25  0.001* 

 

There was statistical significant difference between the 

patients positive and negative by colonoscopy and the level 

of M2PK (P < 0.05). (Figure. 2). 

 

 
Figure (2): Comparison between the patients positive 

and negative by colonoscopy and the level of M2PK. 

 

The ROC curve (Figure. 3) was done to determine the 

cut off value of the M2PK in detection of patients with 

positive disease, this cut off value was 4.595 U/mL, the 

sensitivity of this point was 75.0% while the specificity 

was 60.0%. 

 

 
Figure (3): ROC curve to determine the cut off value 

of M2PK to determine the sensitivity and specificity. 
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Area Under the Curve 

Test Result Variable(s):M2PK 

Area Std. Error
a
 Asymptotic Sig.

b
 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

0.753 0.105 0.026 0.547 0.958 

 

Coordinates of the Curve 

Test Result Variable(s):M2PK 

Cut off value Sensitivity Specificity 

4.5950 0.750 0.600 

 

DISCUSSION 
This is to the best of our knowledge the first study to 

assess the potential use of M2PK as a screening tool for 

colorectal cancer in the Middle East. Previous studies 

describe that tumor M2PK is released into the stool of 

patients with adenomas and colorectal tumors and can 

easily be quantified with a commercially available 

sandwich ELISA.
[16, 26, 27]

 

 

In our study 10 patients were negative for colorectal 

cancer by colonoscopy but 4 of them were positive for 

M2PK test. Those 4 patients were found to have 

ulcerative colitis. Naumann et al
[28]

 found increased fecal 

tumor M2PK levels in cases of active Crohn’s disease 

and ulcerative colitis in which increased cell proliferation 

is expected.  Sensitivity was (75%), specificity (60%), 

PPV (78.9%) of M2PK marker in relation to 

colonoscopy as a gold standard. 

 

Although a larger similar  study has reported sensitivity, 

specificity, positive predictive value, negative predictive 

value and overall accuracy of: 93%, 97.5%, 94.9%, 

96.5% and 96.0% respectively
[29] 

and a higher sensitivity 

was reported by McLoughlin et al
[17]

 (92% in 25 

colorectal cancer patients and 67% in 30 patients with 

adenomas) and by Koss et al
[10]

 (92.3 % in 26 colorectal 

cancer patients and 60% for adenomas >1 cm in 10 

patients), our data corresponds well with the results of 

Hardt et al
[16]

 who reported a sensitivity of 78% in 60 

colorectal cancer patients and those of  Naumann et al
[28]

 

who found a sensitivity of 85.2% in a cohort of  27 

colorectal cancer patients as well as  a recent systematic 

meta-analysis of 8 trials showing a pooled sensitivity and 

specificity for M2-PK to be 79% (CI 73%-83%) and 

80% (CI 73%-86%), respectively.
[30]

 

 

CONCLUSION 

M2PK test had a high sensitivity and specificity for 

colorectal cancer in anemic patients with bleeding per 

rectum without obvious cause. However we believe that 

further larger trials are needed for accurate determination 

of diagnostic cut-off level. 
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