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Purpose: Guaiac fecal occult blood test (gFOBT) has been the standard for colorectal screening but it has low sensitivity
and specificity. This study evaluated the use of fecal tumor M2-pyruvate kinase (M2-PK) for detection of colorectal can-
cer and to compare with the current surveillance tool; gFOBT in symptomatic adult subjects underwent colonoscopy.
Methods: Stool samples were collected prospectively from symptomatic adults who had elective colonoscopy from Sep-
tember 2014 to January 2016 and were analyzed with the ScheBo M2-PK Quick test and laboratory detection of fecal he-
moglobin.

Results: The results were correlated to the colonoscopy findings and/or histopathology report. Eighty-five subjects (age of
56.8+15.3 years [mean + standard deviation]) were recruited with a total of 17 colorectal cancer (20.0%) and 10 colorectal
adenoma patients (11.8%). The sensitivity of M2-PK test in colorectal cancer detection was higher than gFOBT (100% vs.
64.7%). M2-PK test had a lower specificity when compared to gFOBT (72.5% vs. 88.2%) in colorectal cancer detection.
The positive and negative predictive values were 47.2% and 100% for M2-PK test and 57.9% and 90.9% for gFOBT.
Conclusion: Fecal M2-PK Quick test has a high sensitivity for detection of colorectal cancer when compared to gFOBT,
making it the potential choice for colorectal tumor screening biomarker in the future.
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INTRODUCTION
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was estimated about 37,400 persons were diagnosed with new
cancer in Malaysia and colorectal cancer is the second most com-
mon cancer in men (14.1%) and the third in women (10.2%) [1].
The incidence and mortality of colorectal cancer are rising rapidly
in Asia [2], despite the availability of screening methods.

Colorectal cancer can be prevented by detection of early-stage
adenocarcinoma, and detection and removal of adenomatous
polyps. Incidence and mortality due to colorectal cancer can be
effectively reduced with early diagnosis, if regular screening is
done [3]. However, Yusoff et al. [4] showed that participation in
colorectal cancer screening among Malaysians was extremely low
mainly due to embarrassment, uncomfortable and unsure the
screening test availability.
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Current gold standard screening tool for early detection of
colorectal cancer and high-risk adenoma is colonoscopy, which
has the highest sensitivity and specificity. However, most patients
refused to participate because of its invasiveness. Colonoscopy is
associated with bleeding, perforations, and cardiopulmonary
complication from drugs used for sedation [5]. Fecal test is much
more acceptable as it is noninvasive [4, 6]. Currently, available
stool tests for colorectal cancer screening are fecal occult blood
test (FOBT), genetic stool test, and M2-pyruvate kinase (M2-PK)
stool test. The most widely used is FOBT [7]. According to Ma-
laysian Clinical Practice Guidelines on colorectal cancer screening
2001, the best approach to screen for colorectal cancer is by using
FOBT as an annual screening to those at average risk [8]. How-
ever, FOBT is limited by its low sensitivity toward colorectal pol-
yps and frequent false-positive results [9]. Stool DNA test is not
recommended by the Asia Pacific Consensus on colorectal cancer
as this test is still in experimental phase and is not ready to be
used as a routine screening test [10].

Pyruvate kinase is an enzyme that is involved in the glycolysis
process. Type M2-PK is a special isoenzyme of pyruvate kinase,
which is expressed by proliferating cells [11, 12]. The dimeric
form termed tumor M2-PK is predominantly overexpressed in
tumor cells [11, 13, 14]. M2-PK is essential in tumor growth of
colorectal cancer by regulating cell proliferation and migration of
colon cancer cells. A greater amount of this isomer is found at the
advanced tumor stage [12, 15] and associated with lymph metas-
tasis in colorectal cancer patients [12]. Tumor M2-PK has also
been found in the stool of patients with colorectal cancer [10] and
colorectal polyps [11]. The amount of M2-PK in stool can be
quantified by enzyme-linked immunosorbent assay (ELISA) [11]
and thus, fecal M2-PK has been proposed as a tool for detecting
colorectal cancer [16-18].

The aim of this study was to evaluate the use of fecal tumor M2-
PK in detection of colorectal cancer in symptomatic adult subjects
who underwent colonoscopy. The specific objectives of the study
were to determine the sensitivity, specificity, positive predictive
value, and negative predictive value of fecal M2-PK test toward
detection of colorectal cancer and to compare the diagnostic ac-
curacy of fecal M2-PK with the current surveillance tool; guaiac
FOBT (gFOBT) in detecting colorectal cancer.

METHODS

Study design and setting

This prospective study was carried out on patients that underwent
colonoscopy for various indications at Hospital Universiti Sains
Malaysia (HUSM) from September 2014 until January 2016.

Participants

All subjects were evaluated and screened for study eligibility prior
to study entry. This was a convenience sample of patients that un-
derwent colonoscopy for reasons such as colorectal cancer screen-
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ing, investigation of colonic symptoms, high risk for colorectal
cancer, family history of colorectal neoplasia, and clinical suspi-
cion of colorectal cancer. Patients that had past history of colec-
tomy, patients known to have colorectal cancer and came for sur-
veillance colonoscopy, underwent chemotherapy for colorectal
cancer, or incomplete colonic examination were excluded from
the study.

The sample size was calculated for diagnostic accuracy study
based on the reported sensitivity of a positive fecal tumor M2-PK
test for colorectal cancer of 97% and specificity of 98% [19]. The
estimated sample size for this study was 85 samples.

Stool collection, FOBT, M2-PK testing, and colonoscopy

All patients included in this study were given information leaflets
and explained the procedures and study objectives. The written
informed consents were obtained from the patients.

Two stool samples were collected from each patient before
bowel preparation for colonoscopy was started. No dietary re-
strictions were required prior to stool collections. For gFOBT, the
stool sample was sent to HUSMs laboratory for detection of he-
moglobin in the stool. For M2-PXK test, the stool sample was tested
using a commercially available rapid test, ScheBo M2-PK Quick
(ScheBo Biotech AG, Giessen, Germany) according to the manu-
facturer’s instruction. A single trained person performed the stool
testing for M2-PK.

Colonoscopy was performed by experienced endoscopists ac-
cording to the current practice at Endoscopy Unit of HUSM, with
visualization of the entire colon up to caecum using a standard
colonoscopy after routine bowel preparation. Patients with in-
complete colonoscopy proceeded with computed tomography
(CT) colonography or barium enema as to complete their colonic
examination. All lesions found during colonoscopy were biopsied
and the tissue biopsies were sent to the Pathology Department of
HUSM for histopathology processing. Pathologists were not
aware of the gFOBT and M2-PK test results. The final diagnosis
of each patient was based on the combined results of colonoscopy
and histopathology examination. The results of M2-PK test and
gFOBT were labeled as positive or negative and both were ana-
lyzed and compared to the colonoscopic findings and histopa-
thology examination.

Ethical considerations
Ethical clearance was obtained from the Human Research Ethics
Committee, Universiti Sains Malaysia in Kelantan, Malaysia (No.
USM/JEPeM/1404166).

Data analysis

Cross tabulation was done to determine the true-positive, true-
negative, false-positive, and false-negative results. Calculation for
diagnostic test evaluation, which includes sensitivity, specificity,
positive predictive value, negative predictive value, positive likeli-
hood ratio, and negative likelihood ratio were done using statisti-
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cal program MedCalc, ver. 16.2.1 (MedCalc Software Ltd., Os-
tend, Belgium). The discriminant accuracy of each marker was
estimated as the area under the receiver-opening characteristics
(ROC) curve. Statistical analysis was carried out using IBM SPSS
Statistics for Windows (ver. 22, IBM Corp., Armonk, NY, USA).
The limit of significance was set at 0.05.

RESULTS

Patient demographic and clinical characteristics

Of the 138 subjects scheduled for colonoscopy, 94 met the inclu-
sion and exclusion criteria and enrolled in this study. Eighty-five
subjects were included and 9 subjects were excluded. Table 1
shows the characteristics of the study population. All 94 subjects
completed fecal tumor M2-PK test and FOBT. Among the sub-
jects, 69 participants completed colonoscopy. Five subjects had
further colonic examination by CT colonography (n=3) or bar-
ium enema (n=2). Another 11 subjects had obstructed colonic
tumor and were included in this study. The remaining 9 subjects
were excluded due to incomplete colonic examination without
further imaging. A total of 17 colorectal cancers (20.0%) and 10
colorectal adenomas (11.8%) were detected in 85 colonoscopies.
The remaining 58 patients (68.2%) had normal or nonneoplastic
disease. Of the 17 patients with colorectal cancers, 11 patients had
incomplete colonic examination due to obstructed tumor. Fig. 1
shows the flow of participants through the study.

Test characteristics in relation to colonoscopy findings

Table 2 summarizes the test characteristic in relation to colonos-
copy findings. M2-PK tests were positive in all 17 patients diag-
nosed with colorectal cancer, 2 out of 10 patients (20.0%) with

Table 1. Patient demographic and clinical characteristics

Characteristic Data
Age () 56.8+15.3
Sex
Male 50 (58.8)
Female 35(41.2)
Ethnicity
Malay 75(88.2)
Chinese 9(10.6)
Indian 1(1.2)
Indications for colonoscopic examination
Altered bowel habit 51 (60.0)
Gastrointestinal bleeding 17 (20.0)
Abdominal pain 5(5.9)
Abdominal mass 2 (2.4
Others 10 (11.8)
(

Values are presented as mean + standard deviation or number (%).
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colorectal adenoma, and 17 out of 58 patients (29.3%) with normal
colonoscopy. The gFOBT tests were positive in 11 out of 17 pa-
tients (64.7%) with colorectal cancer, 3 out of 10 patients (30.0%)
with colorectal adenoma, and 5 out of 58 patients (8.6%) with
normal colonoscopy.

Performance characteristics of fecal tumor M2-PK and
gFOBT in detection of colorectal cancer and colorectal
adenoma

Table 3 depicts the performance characteristics of M2-PK against
gFOBT in relation to colorectal cancer and colorectal adenoma.

Patient scheduled for colonoscopy (n=138)

Excluded (n=44)

Known to have colorectal cancer and came for
> surveillance colonoscopy (n=23)
Did not return fecal samples for testing (n=8)
Past history of colectomy (n=13)

\ 4
Completed fecal tumor M2-PK test and gFOBT (n=94)

v

Colonoscopy done (n=94)

|
v v

Complete colonoscopy (n=69) Incomplete colonoscopy (n=25)

Excluded (n=9):

No further imaging done
—» either CT colonography
or barium enema (n=9)

v v v

Obstructed tumor Barium enema CT colonography
(n=11) (n=2) (n=3)

Fig. 1. Flowchart of participants for enrollment through the study.
M2-PK, M2-pyruvate kinase; gFOBT, guaiac fecal occult blood test;
CT, computed tomography.

Table 2. Test characteristics in relation to colonoscopy findings

Colonoscopy finding Total MZ'P.K. 1251 gFOB_T. 1251

positive positive
Colorectal cancer 17 17 (100) 11(64.7)
Colorectal adenoma 10 2 (20.0) 3(30.0)
Normal or nonneoplastic lesion 58 17 (29.3) 5(8.6)
Values are presented as number only or number (%).
M2-PK, M2-pyruvate kinase; gFOBT, guaiac fecal occult blood test.
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Table 3. Performance characteristics of fecal tumor M2-PK and
gFOBT in detection of colorectal cancer and colorectal adenoma

Parameter M2-PK (%) gFOBT (%)

Sensitivity
Colorectal cancer 100 (80.5-100)

20.0 (2.52-55.6)

64.7 (38.3-85.8)

Colorectal adenoma 30.0 (6.7-65.3)

Specificity
Colorectal cancer 72.5(60.4-82.5)

54.5 (42.8-66.2)

88.2 (78.1-94.8)
Colorectal adenoma 78.7 (67.6-87.3)
Positive predictive value

Colorectal cancer 47.2 (30.4-64.5)

5.6 (0.7-18.7)

57.9 (33.5-79.8)
Colorectal adenoma 15.6 (3.4-39.6)
Negative predictive value

Colorectal cancer 100 (92.9-100)

83.7 (70.3-92.7)

90.9 (81.3-96.6)
Colorectal adenoma 89.4 (79.4-95.6)

Positive likelihood ratio

Colorectal cancer 3.6 (2.5-5.3) 5.5(2.6-11.5)

Colorectal adenoma 0.4 (0.1-1.6) 1.4 (0.5-4.0)
Negative likelihood ratio

Colorectal cancer 0 0.4 (0.2-0.8)

Colorectal adenoma 1.5(1.0-2.1) 0.9 (0.6-1.4)

Values are presented as percentage (95% confidence interval).
M2-PK, M2-pyruvate kinase; gFOBT, guaiac fecal occult blood test.

The sensitivity of the M2-PK test toward detection of colorectal
cancer was higher than that of gFOBT (100% vs. 64.7%). How-
ever, fecal M2-PK test had a lower specificity toward diagnosing
colorectal cancer when compared with gFOBT (72.5% vs. 88.2%).
The positive predictive value and negative predictive value of fecal
M2-PK test were 47.2% and 100%, respectively, whereas for
gFOBT were 57.9% and 90.9%, respectively. Both fecal M2-PK
and gFOBT had low sensitivity toward detection of colorectal ad-
enoma (20.0% vs. 30.0%). The specificity of M2-PK test was lower
than gFOBT (54.4% vs. 78.7%) in detecting colorectal adenoma.

ROC curve for fecal tumor M2-PK and gFOBT in detection
of colorectal cancer

Fig. 2 shows the ROC curve for fecal M2-PK and gFOBT in de-
tection of colorectal cancer. The curves were statistically signifi-
cant for both tests, with the area beneath was greater than 50.0%.
The M2-PK test area under the ROC curve was 0.868 (95% confi-
dence interval [CI], 0.794 to 0.941; P < 0.005), whereas the gFOBT
test area under the ROC curve was 0.765 (95% CI, 0.621 to 0.908;
P <0.005).

DISCUSSION

Gold standard screening tool for early detection of colorectal can-
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Fig. 2. Receiver-operating characteristics (ROC) curve for fecal tu-
mor M2-pyruvate kinase (M2-PK) and guaiac fecal occult blood test
(gFOBT) in detection of colorectal cancer. CI, confidence interval.

cer and high-risk adenoma is still colonoscopic examination with
high sensitivity and specificity. However, the acceptance rates are
very poor because of its inconvenience and invasiveness. A highly
sensitive and specific yet noninvasive screening test for detection
of colorectal cancer is needed to detect the possibility of colorectal
cancer. Noninvasive tests such as fecal tests are much more ac-
ceptable as they are noninvasive and more comfortable. Current
available stool tests for colorectal cancer screening are FOBT, ge-
netic stool test, and M2-PK stool test.

In this study, the performance of fecal tumor M2-PK test for de-
tection of colorectal cancer was evaluated and compared to
gFOBT. The fecal M2-PK kit allowed the test to be done as soon
as the stool sample is submitted by the patient and the result can
be obtained immediately. Tumor M2-PK can be measured in fe-
ces of patients with colorectal cancer by using ELISA technique,
favoring a potential tumor marker for colorectal cancer. The M2-
PK test is independent of occult blood (ELISA method), thus it
can detect bleeding or nonbleeding gastrointestinal cancer and
polyps [20].

A meta-analysis performed by Tonus et al. [20] reported rela-
tively good performance of fecal tumor M2-PK in colorectal can-
cer screening with a mean sensitivity and specificity of 80.3% and
95.2%, respectively. Recently, Sithambaram et al. [21] performed a
case-control study on validation of the use of a rapid, point of care
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stool test M2-PK for the detection of colorectal cancer. The per-
formance of fecal M2-PK Quick test revealed a sensitivity of
93.0%, specificity of 97.5%, and diagnostic accuracy of 96.0%. The
test was found to be highly accurate regardless of the tumor stages
and location [21].

In our study, the sensitivity of the M2-PK test in detecting pa-
tients with colorectal cancer was 100%, which was much superior
to that of gFOBT (64.7%). The published data on sensitivity
ranged from 71.4% to 100% [14-16, 19, 21-23]. However, M2-PK
test had slightly lower specificity than gFOBT (72.5% vs. 88.2%).
Our result for specificity is still within the published range of
71.0% to 98.0% [14-16, 19, 21-23].

This study showed that both fecal tumor M2-PK test and
gFOBT area under the ROC curve for detection of colorectal can-
cer were statistically significant, with the area beneath was greater
than 50.0%, in which both tests were able to correctly classify
those with and without colorectal cancer.

In our study, both fecal M2-PK test and gFOBT had low sensi-
tivity in detecting colorectal adenoma. Correspondingly, a study
by Haug et al. [24] found a low sensitivity of 22.0% for advanced
adenoma and 23.0% for other adenomas, whereas specificity was
82.0%. A meta-analysis by Tonus et al. [20] reported the sensitiv-
ity of 25.0% for adenoma <1 cm in diameter, 44.0% for adenoma
>1 cm, and 51.0% for adenoma of unspecified diameter. There-
fore, due to its low sensitivity, fecal M2-PK has a very limited role
in detection of colorectal adenoma.

Studies also showed that intestinal inflammation could cause el-
evation of fecal tumor M2-PK level. In a study by Shastri et al.
[25], they reported that 185 of 276 patients with inflammatory
bowel disease had a positive fecal M2-PK level (cut-off value, >4
U/mL). In another study by Abdullah et al. [16] found that fecal
M2-PK test was positive in inflammatory bowel disease, infective
colitis, and amebic colitis. Fecal M2-PK level was also found to be
elevated in patients with pouchitis following ileal pouch-anal
anastomosis for ulcerative colitis and familial adenomatous pol-
yposis [26].

In a review by Kumar et al. [18], M2-PK level was found signifi-
cantly higher in plasma of patients with other benign conditions,
like bacterial infection, rheumatic diseases, acute and chronic
pancreatitis, chronic cardiac failure, and diabetic nephropathy. In
a large screening study, Haug et al. [24] observed a higher fecal
M2-PK level in older age groups than in younger age groups. In
another study by Haug et al. [22], there was an association re-
ported between current smoking status and elevated tumor M2-
PK levels compared to never and former smokers. However, no
association was noted between age, sex, body mass index, or fam-
ily history of colorectal cancer and a positive fecal M2-PK test
[22]. Our study did not evaluate the possibility of association be-
tween fecal M2-PK with patients’ characteristics and medical ill-
nesses that might cause false positivity of results. Although colo-
noscopy is the best tool for diagnosing colorectal cancer and high-
risk adenoma, it can have a miss rate of 16.8% for colonic polyps,
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17.0% for adenomas, and 5.4% for advanced adenoma [27].
Therefore, further study is needed to evaluate the association of
these benign conditions with fecal M2-PK level for better under-
standing of its role in colorectal cancer screening.

There were some limitations found in this study. Our study in-
vestigated on symptomatic group going for colonoscopy. There
may be overestimation of sensitivity and underestimation of spec-
ificity in hospital-based studies. Therefore, the results should be
interpreted with caution when comparing with an average-risk
population. For that reason, the application of fecal tumor M2-PK
should be further studied in average-risk group and involved
larger population in comparing fecal tumor M2-PK and gFOBT.
Average-risk population are not included in this study as it is dif-
ficult to promote colonoscopy in this group as they did not have
any risk except for their age. Although it is easy to get their stool
sample, we need to confirm with colonoscopy with regards to
their bowel examination. The recommended gFOBT testing is by
using 3 stool specimens with dietary restrictions. However, in our
study, the gFOBT was done only using single stool testing and
without dietary restrictions. The sensitivity of gFOBT could differ
if the testing was performed as recommendation.

In conclusion, the presence of M2-PK in stool warrant further
investigation for diagnosis of colorectal cancer. Those with posi-
tive result of M2-PK test should undergo complete diagnostic
evaluation. The features of fecal M2-PK test is highly sensitive,
fast, and easy to be performed in clinical settings and is deemed
suitable as a screening tool and complimentary test for colorectal
tumor.
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