
RESEARCH ARTICLE Open Access

Expression of tumor pyruvate kinase M2
isoform in plasma and stool of patients
with colorectal cancer or adenomatous
polyps
Farideh Rigi1,2, Aliakbar Jannatabad2, Azra Izanloo1, Reza Roshanravan1, Hamid Reza Hashemian1* and
Mohammad Amin Kerachian3,4,5*

Abstract

Background: Tumor pyruvate kinase M2 isoform (tM2-PK), which is an isoform of PK-glycolytic enzyme and appears
on the surface of cancerous proliferating cells, has been used as a diagnostic biomarker for colorectal cancer (CRC).
The aim of this study was to evaluate the tM2-PK measurement test for the diagnosis of CRCs and adenomatous
polyps in plasma and stool samples in an Iranian population.

Methods: In this prospective study, a total of 226 stool and 178 plasma samples were received from patients
referred to colonoscopy units. tM2-PK enzyme was measured using two separate ScheBo-Biotech-AG ELISA kits for
stool and plasma samples.

Results: According to ROC curves, in the tumor group, at the cut-off value of 4 U/ml, the sensitivity of fecal tM2-PK
test was 100% and the specificity was 68%, and in the polyp group, the sensitivity and specificity were 87 and 68%,
respectively. For tumor detection in plasma specimens, a cut-off value > 25 U/ml has a sensitivity and specificity of
90.9 and 91.3%, respectively. Similarly, for polyp detection, a cut-off value > 19 U/ml has a sensitivity of 96.3% and
the specificity of 85.5%.

Conclusions: Based on our results, a cut-off range of 4.8–8 U/ml and > 8 U/ml could be used to detect polyp and
tumor in stool samples, respectively. Similarly, a cut-off range of 19–25 U/ml and > 25 U/ml is recommended in
plasma samples, suggesting tM2-PK test as a non-invasive assay to diagnose CRC and adenomatous polyps.
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Background
Colorectal cancer (CRC) is one of the leading causes
of cancer morbidity and mortality worldwide [1, 2].
Its incidence rate has increased rapidly since it is as-
sociated with several risk factors related to lifestyle
such as smoking, sedentary, obesity, alcohol abuse
and diets containing high red and processed meats [3,
4]. Colonoscopy is currently claimed as the gold
standard CRC screening tool [5, 6], however, it is ex-
pensive and may cause unexpected complications.
Moreover, it is uncomfortable and painful for some
patients to undergo colonoscopy examination. Thus,
the compliance with colonoscopy for CRC screening
is quite low [7]. Guaiac fecal occult blood test
(gFOBT) is the most widely used noninvasive screen-
ing test for stool examination, although it has some
limitations [8]. It is also inconvenient to perform
since patients have to go on a restricted diet for sev-
eral days prior to the test, which includes avoiding
various types of food that may cause false peroxidase
reaction and any antioxidants and non-steroidal anti-
inflammatory drugs (NSAIDs) such as aspirin [9]. An-
other CRC screening test is the immunological fecal
occult blood test (iFOBT) [10]. The low sensitivity of
gFOBT and iFOBT may result in missing patients
with CRC. Thus, a more effective screening tool is
necessary [11, 12]. Based on methylation changes in
stool and blood, two approved Food and Drug Ad-
ministration (FDA) CRC detection kits respectively
termed, ColoGaurd™ and Epi proColon® 2.0 CE kits
are now available [13]. The relatively low sensitivity
of these tests for early CRC and adenomatous polyp
detection should be improved.
The majority of human tumors strongly overexpress

M2 isoform of the glycolytic enzyme pyruvate kinase
(M2-PK). This isoenzyme is released from tumor cells
and is quantitatively detectable in body fluids. The meas-
urement of tumor M2-PK has been proposed as a novel
approach for early detection of CRC in the stool or
blood of patients with CRC [10] since adenomas or CRC
are usually associated with increased serum and stool
levels of tumor M2-PK. Fecal M2-PK detects both bleed-
ing and non-bleeding tumors as well as adenoma. It does
not have false positive results originating from various
noncancerous sources of bleeding, such as hemorrhoids
and fissures. In contrast to FOBT, only one small stool
sample (from a single stool passage) is requested without
dietary restrictions for the test [14].
Hence, the aim of this study was to evaluate tumor

M2-PK measurement test in plasma and stool samples
to diagnosis CRC and adenomatous polyps in patients
referred to colon clinics. Also, this study was performed
to determine the best cut-off values for tumor M2-PK
test in stool and plasma samples.

Methods
Patient population
In this prospective study, samples were taken in two sep-
arate centers including specialty hospital and oncology
clinic of Mashhad, Iran. Participants were referred for
colonoscopy because of positive screening, the presence
of symptoms, or a positive family history. Participants
admitted from April 2017 to June 2018, prior to colon-
oscopy handled their stool samples to the laboratory and
at the same day, their blood samples were collected in
EDTA tubes.

Sample preparation
Two hundred and twenty-six stool and 178 plasma sam-
ples were taken from patients prior to colonoscopy.
Sampling date was recorded. Minimum sample required
for M2-PK test, was 100 mg of feces and 10 μL of
plasma. Collected stool and plasma samples were kept
frozen at − 20 °C prior to any experiments. Participants
older than 30 years were categorized according to their
age, sex, alcohol consumption, diabetes, smoking status
and a family history of CRC. Patients with inflammatory
bowel disease (Crohn and colitis disease) were not in-
cluded in the study because recent reports indicate that
the inflammatory bowel diseases can increase the M2-
PK enzyme level [14–16].
Control group was defined as the participants with

negative colonoscopy and case group was polyp (aden-
omatous)-positive or tumor-positive samples in colonos-
copy examination. An expert gastrointestinal (GI)
pathologist reported all pathology results. Patients suf-
fering from solitary rectal cancer (1 case), hyperplastic (4
cases), retention (3 cases), inflammatory (2 cases) and
mucosal (2 cases) polyps were excluded from the study
since we targeted only adenomatous types of polyps.
The histopathology report of one polyp resulted in unre-
markable lesion which was also excluded. No patient
with cancer also had polyps.

M2-PK enzyme testing
Tumor M2-PK enzyme of samples was measured by two
separate ScheBo-Biotech-AG ELISA kits (Giessen,
Germany) for stool and plasma according to the manu-
facturer’s protocol. Based on colonoscopy and pathology
results, participants were categorized as follow: among
patients who their stool samples were collected 111
(49.1%) were normal, 76 (33.6%) patients had polyps,
and 39 (17.3%) patients were suffering from CRC. In the
plasma group, 69 (38.8%) were normal, 53 (29.7%) pa-
tients had polyps, and 56 (31.5%) patients were suffering
from CRC. Only from 116 participants, both the stool
and plasma samples were collected.
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Statistical analysis
The collected data were analyzed using SPSS version 19
and MedCalc statistical software. In addition to descrip-
tive statistics, student's t-test, Pearson correlation test-
ing, Chi square, ROC (receiver operating characteristics)
curve, and ANOVA were used where applicable. A p-
value < 0.05 was statistically significant in this study.
Sensitivity and specificity expressed as ROC curve were
calculated using colonoscopy results and histology as
reference values.

Results
In this study, 178 plasma samples were taken from
patients including 96 men (53.9%) and 82 women
(46.1%). The mean age of the patients whose stool
and plasma samples were collected, was 54 and 57.22
years, respectively. Table 1 shows the number of nor-
mal, polyps and cancer patients in plasma and stool
sample groups with the size of the polyps based on
the colonoscopy reports. The lesions were located in
rectosigmoid, ascending, descending, and transverse
colon (Table 2). ANOVA test revealed no significant
difference (p value < 0.05) in the location of tumor or
polyp with a positive M2-PK test in either stool or
plasma samples (Table 2).
Neither the stool nor the plasma samples of tumor-

and polyp-bearing patients showed significant differ-
ences between a positive M2-PK test result and the dis-
tribution of age, sex, diabetes, smoking and family

history of tumor (p values > 0.05) except for tumor-
bearing and normal subjects in terms of smoking with a
positive M2-PK test (p value =0.011).
Although there was no significant difference between a

M2-PK positive test and tumor (p value =0.967) or polyp
(p value =0.074) size in stool samples, it was statistically
significant in plasma samples (p values =0.0001 and =
0.005, respectively). The types of the adenomatous
polyps were shown in Table 3.
ANOVA test was used to compare the difference be-

tween the results of M2-PK stool and plasma samples in
the three groups of normal, patients with polyp, and pa-
tients with adenocarcinoma, indicating significant differ-
ences between the groups (both tests had p values =
0.0001) (Fig. 1). Besides, Chi-square test was used to
compare the levels of M2-PK in tumor-/ polyp-bearing
patients with controls in stool and plasma samples
(Table 4).
In the current study, we used ROC curves to deter-

mine the best cut-off value for tumor/polyp M2-PK
test (Table 5 and Fig. 2). For tumor detection in
plasma specimens, a cut-off value > 25 U/ml has a
sensitivity and specificity of 90.9 and 91.3%, respect-
ively (Fig. 2a). Similarly, for polyp detection, a cut-off
value > 19 U/ml has a sensitivity of 96.3% and the
specificity of 85.5% (Fig. 2b). The AUC of polyp and
tumor data is 0.95 and 0.975 respectively, which re-
veals that the overall discriminatory power of the test
is quite high. Also for tumor detection in stool

Table 1 The number of normal, polyps and cancer patients in plasma and stool samples with the average size of the polyps based
on the colonoscopy reports

Sample test Lesion type Frequency Percent Polyp/Tumor size (cm) < 1 cm, 1-2 cm, > 2 cm
(%)

Stool Normal 111 49.1 – –

Cancer 39 17.3 3.0 (12.5)a 30.8–53.8-15.4

Polyp 76 33.6 1.0 (4.0)a 57.6–16.9-25.5

Total 226 100.0 – –

Plasma Normal 69 38.8 – –

Cancer 56 31.5 3.4 (14.0)a 23.2–64.3-12.5

Polyp 53 29.7 1.5 (5.0)a 41.5–30.2-28.3

Total 178 100.0 – –
aMaximum size

Table 2 The location of tumor and polyps in stool and plasma samples

Sample test Lesion type Ascending colon no. (%) Transverse colon no. (%) Descending colon no. (%) Rectosigmoid no. (%) p value

Tumor 12 (30.8%) 6 (15.4%) 0 (0%) 21 (53.8%) 0.288

Stool Polyp 15 (19.7%) 7 (9.2%) 11 (14.5%) 43 (56.6%) 0.323

Tumor 14 (25%) 6 (10.7%) 5 (8.9%) 31 (55.4%) 0.666

Plasma Polyp 12 (22.6%) 6 (11.3%) 7 (13.2%) 28 (52.8%) 0.337
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specimens, with a cut-off value > 8 U/ml the test sen-
sitivity is 100% and the specificity is 85.6% (Fig. 2c).
For polyp detection, a cut-off value > 4.8 U/ml has a
sensitivity and specificity of 81.6 and 74.8%, respect-
ively (Fig. 2d). AUC of polyp data is 0.834 and of
tumor data is 0.969, which indicates that the overall
discriminatory power of the test is high.

Discussion
In the current study, our stool and plasma study did not
show a significant difference between a positive M2-PK
test result and the distribution of age, sex, diabetes and
family history of tumor in tumor- or polyp-bearing pa-
tients. There was only a significant difference between
the results of M2-PK test in plasma samples of tumor-
bearing subjects and normal subjects in terms of smok-
ing (p value = 0.011), although it was not seen in polyp-
bearing subjects.
These findings were in consistent with the findings

of U Haug et al., which reported that the subgroup of
the ESTHER study did not differ from the whole
ESTHER study population with respect to the distri-
bution of age, sex, body mass index, smoking status
and a family history of CRC. However, current
smokers showed more frequently increased levels of

tumor M2-PK in stool compared to never and former
smokers (p value = 0.003) [17]. In a similar study,
male and female groups showed no significant differ-
ences in age or fecal tumor M2-PK levels although a
highly significant difference was found between the
tumor M2-PK level for participants aged 20–49 years
(median M2-PK of 0.66) and 50–79 years (median
M2-PK of 0.086) [18]. Furthermore, in another study
with 1082 participants (mean age 63 years, 50% fe-
males) the median tumor M2-PK level in the whole
study population was 1.3 U/ml (0.3–3.3). Median
tumor M2-PK levels did not alter by gender, but
tended to be higher in older age groups (p value =
0.002). In addition, the sensitivity and specificity did
not vary by sex of stool samples. The specificity
tended to be lower in older age groups (p value =
0.001) but the sensitivity did not vary by age [19].
They have also showed that the average serum M2-
PK value among 158 normal individuals was 2.96 U/
mL, which was not affected by gender or age [20].
The study of Mohamed El–Tantawy Ibrahim and his
colleagues revealed that there was no significant dif-
ference between patients with colon cancer and con-
trol groups considering the age and sex. Moreover,
32% of their patients were smokers compared to only

Table 3 The types of the adenomatous polyps

Sample Type of polyp Tubular adenoma Tubulovillous adenoma Villous adenoma Sessile serrated adenoma Total

Stool Multiple adenomatous 13 (17.1%) 8 (10.52%) 1 (1.31%) 2 (2.63%) 24 (31.57%)

Single adenomatous 43 (56.57%) 8 (10.52%) 0 1 (1.31%) 52 (68.42%)

Plasma Multiple adenomatous 9 (16.98%) 4 (7.54%) 2 (3.77%) 2 (3.77%) 17 (32.07%)

Single adenomatous 26 (49.05%) 8 (15.09%) 0 2 (3.77%) 36 (67.92%)

Fig. 1 Comparison of M2PK plasma and stool test results in 3 groups (normal, polyp, tumor)
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3.3% of the control group, which was statistically sig-
nificant (p value < 0.05) [3].
In our study, although in M2-PK plasma experiment

the size of the tumor or polyp was statistically differ-
ent in the tumor- or polyp-bearing patients in com-
pare to controls, there was no difference between
these groups in the M2-PK stool experiment. This
was consistent with the study of Yogesh M. et al.
which reported that in patients undergoing colonos-
copy 31 had adenomatous polyps, 21 had small aden-
omas (< 10 mm) and 10 had large adenomas (> = 10
mm). Median stool M2-PK in the small and large ad-
enoma groups was 2.9 U/ml and 1.5 U/ml respectively,
which was not statistically significant when compared
with normal groups. M2-PK was reported positive in
25.8% of adenomas regardless of their sizes; however,
FOBT seemed to be more associated with the size of
the lesion [11]. In addition, in a similar study with 50
patients suffering from an adenomatous disease, 22
were found to have a single polyp greater than 1 cm
in size. There was no significant difference in the
M2-PK concentration detectable in the feces of pa-
tients with polyps less or above 1 or even the size of
5 cm [21].
In our study, ANOVA test revealed no significant

difference in the location of tumor or polyp with a
positive M2-PK test in either stool or plasma samples.
However, Haug et al. showed that there was a statisti-
cally difference (p value < 0.001) in tumor M2-PK

levels in stool of ESTHER participants based on the
location of the tumor. In their study with the cut-off
value of 4 U/ml, overall sensitivity was 68% with a
clear difference between colon cancer (85%) and rec-
tum cancer (56%) [17]. In our results, at the cut-off
value of 4 U/ml, the test sensitivity for the stool sam-
ples of polyp-bearing groups was 87%, specificity was
68%, PPV was 65% and NPV was 88%. The sensitivity
of fecal M2-PK test was higher in tumor-bearing
group (100%) than in polyp-bearing group (87%). In
addition, NPV was 100% in tumor-bearing group,
meaning that if the level of fecal M2-PK of an indi-
vidual is determined less than 4 U/ml, the probability
for a tumor is almost zero. In contrast, regarding the
low PPV of M2-PK test for detecting tumor and
polyp in stool, any result higher than 4 U/ml can be
false positive indicating a low specificity of the test.
In a study performed by Kumar et al., fecal tumor
M2-PK had a sensitivity of 73–92% at a cut-off value
of 4 U/ml in compared to 50% sensitivity for Guaiac
fecal test. They also indicated that, at a diagnostic
cut-off value of 15 U/ml for plasma tumor M2-
pyruvat kinase, sensitivity, specificity, PPV and NPV
were 57.3, 89, 85.7 and 64.8%, respectively [22]. Based
on our results, with the same cut-off value for plasma
tumor M2-PK, the sensitivity, specificity, PPV and
NPV were 98, 74, 75 and 98%, respectively. In a
multi-center study on 317 subjects with a cut-off
value of 4 U/ml, fecal M2-PK assay had a sensitivity,

Table 4 The levels of M2-PK in tumor-/ polyp-bearing patients with controls in stool and plasma samples

Sample type Lesion type Chi-squared p value Sensitivity Specificity Positive Predictive value Negative predictive value

Cut-off value of 4 U/ml

Stool Tumor 0.0001 100% 68% 52.7% 100%

Control

Polyp 0.0001 87% 68% 65% 88%

Control

Cut-off value of 15 U/ml

Plasma Tumor 0.0001 98% 74% 75% 98%

Control

Polyp 0.0001 98% 74% 74% 98%

Control

Table 5 The cut-off values based on ROC curves for tumor/polyp M2-PK test in stool and plasma samples

Sample type Lesion type Suggested cut-off value based on ROC (U/ml) Sensitivity Specificity AUC

Stool Tumor > 8 100% 85.6% 0.969

Polyp > 4.8 81.6% 74.8% 0.834

Plasma Tumor > 25 90.9% 91.3% 0.975

Polyp > 19 96.3% 85.5% 0.95
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specificity, PPV and NPV of 81.1, 71.1, 61.9, and
86.7% respectively to detect CRC [23]. Also, in an-
other study with 328 patients and the tumor M2-PK
cut-off level of 4 U/mL, the sensitivity, specificity,
PPV, and NPV were 71.4, 71.0, 73.5, and 94.4%, re-
spectively [20]. In a study by Hisham K. Dabbous
et al., M2-PK was the most sensitive and specific test
in differentiating CRC from control subjects in fecal
samples with sensitivity and specificity of 75, and
100%, respectively [14].
In the current study, in order to achieve the best per-

formance of tumor/polyp M2-PK measurement test in
stool and plasma samples different cut-offs have been
evaluated.

Conclusions
A cut-off range of 4.8–8 U/ml in stool samples can de-
tect polyp and a cut-off value > 8 U/ml can detect tumor.
In addition, a cut-off range of 19–25 in plasma samples
can detect polyp and a cut-off value > 25 can detect

tumor. The relatively high specificity and sensitivity of
tumor M2-PK measurement test in stool and plasma
samples of patients with CRC and polyp indicate that
this test has the potential be used as a non-invasive diag-
nostic tool in CRC and colon adenomas detection al-
though for general screening, a study on a general
population with larger sample sizes should be performed
in advance.

Abbreviations
gFOBT: Guaiac fecal occult blood test; tM2-PK: Tumor pyruvate kinase M2
isoform; CRC: Colorectal cancer; NSAIDs: Non-steroidal anti-inflammatory
drugs; iFOBT: Immunological fecal occult blood test; FDA: Food and Drug
Administration; ROC: Receiver operating characteristics; AUC: Area under the
cure; PPV: Positive predictive value; NPV: Negative predictive value

Acknowledgments
We sincerely acknowledge Dr. Ghaffarzadehgan and Farookhi for supporting
in data gathering.

Authors’ contributions
HRH and MAK supervised the study. AJ, AI and RR participated in study
design and scientific discussion of the data. FR contributed to performing
the experiments. All authors read and approved the final manuscript.

Fig. 2 Receiver operating characteristic (ROC) curve for tumor/polyp M2PK plasma and stool

Rigi et al. BMC Gastroenterology          (2020) 20:241 Page 6 of 7



Funding
This work was financially supported by Razavi Hospital, Imam Reza
International University, Mashhad, Iran granted to HRH in order to design the
study, collect samples and data, and perform the analysis, and interpretation
of data.

Availability of data and materials
All data are included in this published article. Any additional information
related to this study is available from the author for correspondence upon
reasonable request.

Ethics approval and consent to participate
The patient information datasheet and written consent were given to all
participants, which were signed and kept in the record files specific for each
patient at a safe and secure place. The study was carried out by the approval
of the Mashhad University of Medical Sciences ethic committee with the
ethical code of 1394.512.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Razavi Cancer Research Center, Razavi Hospital, Imam Reza International
University, Mashhad, Iran. 2Department of Biotechnology, Faculty of Basic
Science, Sabzevar Branch, Islamic Azad University, Sabzevar, Iran. 3Medical
Genetics Research Center, Mashhad University of Medical Sciences, Mashhad,
Iran. 4Department of Medical Genetics, Faculty of Medicine, Mashhad
University of Medical Sciences, Mashhad, Iran. 5Cancer Genetics Research
Unit, Reza Radiotherapy and Oncology Center, Mashhad, Iran.

Received: 14 October 2019 Accepted: 9 July 2020

References
1. Abdullah M, Rani AA, Simadibrata M, Fauzi A, Syam AF. The value of fecal

tumor M2 pyruvate kinase as a diagnostic tool for colorectal cancer
screening. Acta Med Indones. 2012;44(2):94–9..

2. Kerachian MA, Kerachian M. Long interspersed nucleotide element-1 (LINE-
1) methylation in colorectal cancer. Clin Chim Acta. 2019;488:209–14.

3. Ibrahim MET, Mohamed MA, Elawady MA, Abed HA. The Fecal M2-PK As A
Novel Biomarker for Screening of Cancer Colon. Egypt J Commun Med.
2018;36(3):93-102.

4. Hessami Arani S, Kerachian MA. Rising rates of colorectal cancer among
younger Iranians: is diet to blame? Curr Oncol. 2017;24(2):e131–7.

5. Lamberti C, Sauerbruch T. Early diagnosis of colorectal tumors. Internist
(Berl). 2005;46(4):401–10.

6. Mojtabanezhad Shariatpanahi A, Yassi M, Nouraie M, Sahebkar A, Varshoee
Tabrizi F, Kerachian MA. The importance of stool DNA methylation in
colorectal cancer diagnosis: a meta-analysis. PLoS One. 2018;13(7):e0200735.

7. Hundt S, Haug U, Brenner H. Blood markers for early detection of colorectal
cancer: a systematic review. Cancer Epidemiol Biomark Prev. 2007;16(10):
1935–53.

8. Frazier AL, Colditz GA, Fuchs CS, Kuntz KM. Cost-effectiveness of screening
for colorectal cancer in the general population. JAMA. 2000;284(15):1954–61.

9. Sithambaram S, Hilmi I, Goh KL. The diagnostic accuracy of the M2 pyruvate
kinase quick stool test--a rapid office based assay test for the detection of
colorectal Cancer. PLoS One. 2015;10(7):e0131616.

10. Wong CK, Fedorak RN, Prosser CI, Stewart ME, van Zanten SV, Sadowski DC.
The sensitivity and specificity of guaiac and immunochemical fecal occult
blood tests for the detection of advanced colonic adenomas and cancer.
Int J Color Dis. 2012;27(12):1657–64.

11. Kormi SMA, Ardehkhani S, Kerachian MA. New insights into colorectal
cancer screening and early detection tests. Colorectal Cancer. 2017;6(2):63–
8.

12. Zhu MM, Xu XT, Nie F, Tong JL, Xiao SD, Ran ZH. Comparison of
immunochemical and guaiac-based fecal occult blood test in screening and
surveillance for advanced colorectal neoplasms: a meta-analysis. J Dig Dis.
2010;11(3):148–60.

13. Rokni P, Shariatpanahi AM, Sakhinia E, Kerachian MA. BMP3 promoter
hypermethylation in plasma-derived cell-free DNA in colorectal cancer
patients. Genes Genomics. 2018;40(4):423–8.

14. Dabbous HK, Mohamed YAE, El-Folly RF, El-Talkawy MD, Seddik HE, Johar D,
Sarhan MA. Evaluation of fecal M2PK as a diagnostic marker in colorectal
Cancer. J Gastrointest Cancer. 2019;50(3):442–50.

15. Cho CH, Kim J, Jang MA, Lee BJ, Park JJ, Lim CS. Evaluation of the
performance of a fecal tumor M2-PK rapid kit using stool specimens for
detection of colorectal tumors. Ann Clin Lab Sci. 2016;46(2):154–60.

16. Ewald N, Schaller M, Bayer M, Akinci A, Bretzel RG, Kloer HU, Hardt PD. Fecal
pyruvate kinase-M2 (tumor M2-PK) measurement: a new screening concept
for colorectal cancer. Anticancer Res. 2007;27(4A):1949–52.

17. Haug U, Rothenbacher D, Wente MN, Seiler CM, Stegmaier C, Brenner H.
Tumour M2-PK as a stool marker for colorectal cancer: comparative analysis
in a large sample of unselected older adults vs colorectal cancer patients. Br
J Cancer. 2007;96(9):1329–34.

18. Tonus C, Neupert G, Witzel K. The faecal tumour M2-PK screening test for
invasive & pre-invasive colorectal cancer: estimated specificity & results as a
function of age for a study population of 4854 volunteers. J Oncol. 2009;
59(2):32–7.

19. Haug U, Hundt S, Brenner H. Sensitivity and specificity of faecal tumour M2
pyruvate kinase for detection of colorectal adenomas in a large screening
study. Br J Cancer. 2008;99(1):133.

20. Hardt P, Mazurek S, Toepler M, Schlierbach P, Bretzel R, Eigenbrodt E, Kloer
H. Faecal tumour M2 pyruvate kinase: a new, sensitive screening tool for
colorectal cancer. Br J Cancer. 2004;91(5):980.

21. Bond AD, Burkitt MD, Sawbridge D, Corfe BM, Probert CS. Correlation
between faecal tumour M2 pyruvate kinase and colonoscopy for the
detection of adenomatous neoplasia in a secondary care cohort. J
Gastrointestin Liver Dis. 2016;25(1):71–7.

22. Kumar Y, Tapuria N, Kirmani N, Davidson BR. Tumour M2-pyruvate kinase: a
gastrointestinal cancer marker. Eur J Gastroenterol Hepatol. 2007;19(3):265–
76.

23. Shastri YM, Naumann M, Oremek GM, Hanisch E, Rösch W, Mössner J,
Caspary WF, Stein JM. Prospective multicenter evaluation of fecal tumor
pyruvate kinase type M2 (M2-PK) as a screening biomarker for colorectal
neoplasia. Int J Cancer. 2006;119(11):2651–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Rigi et al. BMC Gastroenterology          (2020) 20:241 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient population
	Sample preparation
	M2-PK enzyme testing
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

