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Faecal pyruvate kinase isoenzyme type M2 for colorectal
cancer screening: A meta-analysis
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pendent studies investigated the sensitivity of faecal
M2-PK for adenoma (n = 554), with the following sensitivities: adenoma < 1 cm in diameter: 25%; adenoma
> 1 cm: 44%; adenoma of unspecified diameter: 51%.
In a direct comparison with gFOBT of adenoma > 1 cm
in diameter, 47% tested positive with the faecal M2-PK
test, whereas the gFOBT detected only 27%.
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Abstract

Peer reviewers: Dr. Cuneyt Kayaalp, MD, Professor, Depart-

AIM: To present a critical discussion of the efficacy of
the faecal pyruvate kinase isoenzyme type M2 (faecal M2-PK) test for colorectal cancer (CRC) screening
based on the currently available studies.

ment of General Surgery, Staff Surgeon of Gastrointestinal Surgery, Turgut Ozal Medical Center, Inonu University, Malatya
44315, Turkey; Dr. Jose Perea, Department of Surgery, 12 De
Octubre University Hospital, Rosas De Aravaca, 82A, 28023
Madrid, Spain

METHODS: A literature search in PubMed and Embase
was conducted using the following search terms: fecal Tumor M2-PK, faecal Tumour M2-PK, fecal M2-PK,
faecal M2-PK, fecal pyruvate kinase, faecal pyruvate
kinase, pyruvate kinase stool and M2-PK stool.
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i30/4004.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i30.4004

RESULTS: Stool samples from 704 patients with CRC
and from 11 412 healthy subjects have been investigated for faecal M2-PK concentrations in seventeen
independent studies. The mean faecal M2-PK sensitivity was 80.3%; the specificity was 95.2%. Four studies compared faecal M2-PK head-to-head with guaiacbased faecal occult blood test (gFOBT). Faecal M2PK demonstrated a sensitivity of 81.1%, whereas the
gFOBT detected only 36.9% of the CRCs. Eight inde-
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INTRODUCTION
Colorectal cancer (CRC) is the most frequent malignant
disease in Europe according to an estimation of cancer
incidence and mortality by the International Agency for
Research on Cancer in Lyon, France[1]. In 2008, 436 000
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persons were diagnosed with CRC, followed by breast
cancer with 421 000 cases, lung cancer with 391 000 cases
and prostate cancer with 382 000 cases. Approximately
212 000 patients died due to CRC that year, which makes
it the second most common death from cancer (after
lung cancer with approximately 342 000 deaths in 2008)[1].
Worldwide, in the developed countries about 1.167 million new cases of CRC and about 603 000 deaths due to
CRC were estimated for 2007[2].
However, due to the long process of carcinogenesis
in CRC (adenoma-carcinoma sequence), CRC has an over
all good prognosis when diagnosed at an early stage. For
that reason different CRC screening programs have been
developed and are offered in various European countries.
The gold standard for early detection of colorectal
neoplasia is colonoscopy. A great advantage of colonoscopy is that adenomas, the potential precursors of carcinogenesis, can be simultaneously detected and removed.
However, the acceptance of screening colonoscopy amo
ng patients is low. For example, in Germany only 2.7% of
insured people exercise their right to a colonoscopy even
though it is reimbursed for people over 55 years old[3].
The most common in-vitro diagnostic method for CRC
screening is the detection of occult blood in the stool
using the guaiac-based faecal occult blood test (gFOBT).
This test is based on the peroxidase activity of haemoglobin, which induces an oxidation and blue colouration of
guaiac in the presence of hydrogen peroxide. Red meat
and a number of vegetables may result in false positive
results whereas vitamin C may result in false negative
staining. Therefore, dietary restriction is recommended
for three days prior to and during testing. A widespread
criticism of gFOBT is its low sensitivity for adenomas
and carcinomas (13%-50%)[4-8]. The immunological faecal
occult blood tests (iFOBTs) specifically quantify human
haemoglobin with antibodies. Comparative evaluations of
immunochemical faecal occult blood tests from different
manufacturers have revealed great variations in their respective sensitivities for colorectal adenoma detection[9,10].
The faecal pyruvate kinase isoenzyme type M2 (faecal M2-PK) test recognises a key enzyme controlling the
metabolism of cells with a high proliferation rate, such
as tumour cells, and thereby detects specific alterations in
intestinal cells, such as polyps and CRC, as well as highrisk patients with acute or chronic inflammatory bowel
diseases (IBD) (i.e., ulcerative colitis, Crohn’s disease).
M2-PK is a special isoenzyme of pyruvate kinase, a
key enzyme within glycolysis which catalyzes the ATPproducing conversion of phosphoenolpyruvate (PEP) to
pyruvate. Depending upon the metabolic functions of
the tissues, different isoenzymes of pyruvate kinase are
expressed. During tumour formation the tissue-specific
isoenzymes disappear and the pyruvate kinase isoenzyme
type M2 is expressed[11]. In contrast to all other pyruvate
kinase isoenzymes (type L, M1 and R) which consist of
four subunits, the M2 pyruvate kinase isoenzyme may
occur in a highly active tetrameric form as well as in a dimeric form with low activity. The dimeric form is nearly
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inactive and favours the channelling of glucose carbons
into synthetic processes, such as nucleic acid, amino acid
and fatty acid synthesis. The tetrameric form is highly
active and favours the energy-regenerating conversion
of PEP to pyruvate and lactate (the Warburg effect). In
tumour cells, M2-PK is mainly found to be in the dimeric
form and has therefore been termed “Tumour M2-PK”.
The dimerisation of M2-PK is induced by interaction
with different oncoproteins, including pp60v-src-kinase,
oncogenic fibroblast growth factor1 and human papilloma virus 16 E7[11].
The dimeric form of M2-PK is released from tumours into the blood and can be quantified by a sandwich
enzyme-linked immunosorbent assay (ELISA; ScheBo
Biotech AG, Giessen, Germany). About 40 studies have
been published on M2-PK concentrations in blood since
1997. These demonstrate a significant increase in M2-PK
and correlation with staging for the following tumours:
melanoma, thyroid, breast, lung, kidney, oesophageal, gas
tric, pancreatic, colorectal, ovarian, cervical and renal cell
cancer[12-19]. The long-term determination of M2-PK in
EDTA-plasma is used as a tool for follow-up studies to
monitor failure, relapse or success during therapy. In CRC
and adenoma M2-PK is also released into the patients’
faeces. A sandwich ELISA and a lateral flow rapid test (for
doctor’s office, point-of-care and laboratory use), both
based upon two monoclonal antibodies which specifically
recognise the dimeric form of M2-PK, are commercially
available for the quantification of M2-PK in stool. The
potential of the faecal M2-PK test for CRC screening has
been evaluated in at least 17 different independent international studies. The objectives of this review were to
obtain an overview of the currently available studies with
faecal M2-PK and to present a critical discussion of the
efficacy of the faecal M2-PK test for CRC screening.

MATERIALS AND METHODS
Search procedure for studies
In order to find the most relevant studies about faecal
M2-PK and CRC screening, a literature search in PubMed
and Embase was conducted using the following search
terms: fecal tumor M2-PK, faecal tumour M2-PK, fecal
M2-PK, faecal M2-PK, fecal pyruvate kinase, faecal pyruvate kinase, pyruvate kinase stool, M2-PK stool. In June
2011 this search revealed 34 publications dealing with faecal M2-PK[7,8,10,18,20-49] (Table 1). The ScheBo faecal M2-PK
test was used in 33 publications, whereas one publication
used another antibody combination and was therefore excluded. The following were also omitted from the metaanalysis: seven publications which summarized results
from previous papers as reviews; three author-replies to
questions about an existing published paper; one publication written in Bulgarian; two publications which investigated neither sensitivity nor specificity; seven publications
that only referred to IBD (which was outside the scope
of our review) (Table 1). The remaining 13 publications
were included in the meta-analysis[7,8,10,30,31,33,35,37,41,44-46,49]. In

4005

August 14, 2012|Volume 18|Issue 30|

Tonus C et al . Faecal M2-PK for colorectal cancer screening
Table 3 Published sensitivities of the faecal pyruvate kinase
isoenzyme type M2 test for colorectal cancer

Table 1 Results of the literature search
Results

Reference

All papers dealing with faecal M2-PK found
in a literature search of Pubmed and Embase
Additional published studies known to the
authors
Excluded papers - reasons for exclusion
Unique combination of antibodies
Reviews
Author replies or comments
Paper in Bulgarian language
No sensitivities or specificities calculated
Studies referred to IBD
Included papers
Studies found in Pubmed and Embase

[7, 8, 10,18, 20-49]

Published studies known to the authors

n (%)

Reference
Hardt et al[46], 2004
Naumann et al[45], 2004
Kloer et al[50], 2005
McLoughlin et al[51], 2005
Vogel et al[44], 2005
Shastri et al[7], 2006
Tonus et al[41], 2006
Haug et al[33], 2007
Mulder et al[35], 2007
Koss et al[8], 2008
Shastri et al[31], 2008
Schmidt et al[53], 2009
Sum
mean ± SD

[50-53]

[47]
[18, 24, 26, 28, 34, 38, 42]
[27, 32, 40]
[29]
[21, 48]
[20, 22, 23, 25, 36, 39, 43]
[7, 8, 10, 30, 31, 33, 35, 37,
41, 44-46, 49]
[50-53]

60 (73)
27 (85.2)
147 (79.6)
35 (97)
22 (77)
74 (81.1)
54 (78)
65 (68)
52 (85)
32 (81)
55 (78.2)
81 (80.3)
704
80.3 ± 7.1

n: Number of colorectal cancer samples; %: Sensitivity.

IBD: Inflammatory bowel diseases; faecal
������� M2-PK:
������� Faecal
����������������
pyruvate kinase
�������
isoenzyme type M2�.

Faecal M2-PK (U/mL)
60

Table 2 Overview of included studies

50
Reference

Country of study

Conflict of interest
regarding faecal M2-PK

Shastri et al[7], 2006
Koss et al[8], 2008
Möslein et al[10], 2010
Haug et al[30], 2008
Shastri et al[31], 2008

Germany
United Kingdom
Germany
Germany
Germany

Haug et al[33], 2007
Mulder et al[35], 2007
Ewald et al[37], 2007
Tonus et al[41], 2006
Vogel et al[44], 2005

Germany
The Netherlands
Germany
Germany
Germany

None declared
None declared
None declared
None declared
Coauthor Stein:
Conference speaker for
ScheBo Biotech AG
None declared
None declared
None declared
Non declared
Tests performed by
ScheBo Biotech AG
None declared
None declared
None declared
None declared
None declared
None declared
None declared

Naumann et al[45], 2004
Hardt et al[46], 2004
Tonus et al[49], 2009
Kloer et al[50], 2005
McLoughlin et al[51], 2005
Bellutti et al[52], 2005
Schmidt et al[53], 2009

Germany
Germany
Germany
Germany
Ireland
Germany
Germany

40

20
10
Cut off 4 U/mL
0

n =
Sensitivity

25%

Normal
97

Adenoma
30
76%

Cancer
35
97%

Figure 1 Faecal pyruvate kinase isoenzyme type M2 in healthy controls,
patients with colorectal adenoma and colorectal cancer[51]. Faecal M2-PK:
Faecal pyruvate kinase isoenzyme type M2.

Calculated specificities are either based on colonoscopy
results or are authors’ estimates derived from published
prevalence data of CRC and adenoma in screening populations. In the absence of colonoscopies or estimated
specificities, only the percentages of test-negative individuals were included in the tables.

F������
aecal �������
M2-PK: ����������������
Faecal pyruvate ����������������������
kinase isoenzyme type ���
M2�.

addition, three posters from conferences[50-52] and a German doctoral thesis[53] known to the authors have been
added to the list of relevant studies (Table 1). Hence, 17
published studies in total have been incorporated into
the meta-analysis (Tables 1 and 2). For our meta-analysis
the sensitivities for CRC and adenoma, positivity rates,
as well as the specificities published within the individual
papers were summarized in individual tables, together
with the number of cases which underlie the calculated
sensitivities and specificities. mean ± SD was calculated
for the sensitivities and specificities of the combined data
from the different studies using the Statistics package of
SigmaPlot Version 11.0. The sensitivities for CRC and adenoma in all studies are based upon colonoscopy results.
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75%
50%

30

Faecal M2-PK test
In all seventeen studies included in our meta-analysis, the
M2-PK stool test from ScheBo Biotech AG in Giessen,
Germany was used. This test is a sandwich ELISA based
on two monoclonal antibodies which specifically recognise the dimeric form of M2-PK.
In accordance with the manufacturer’s protocol all
studies included a cut-off value of 4 U/mL. One study
also included a lower cut-off value (3.33 U/mL[8]) and
another also incorporated additional higher cut off values
(5 U/mL and 6 U/mL[45]) to calculate the resultant sensitivities and specificities. To ensure comparability only
those results obtained with the cut-off value of 4 U/mL
are included in the meta-analysis.
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Table 4 Correlation of faecal pyruvate kinase isoenzyme type M2 sensitivity with tumor node metastasis and Dukes classification n (%)
Reference

Tumor node metastasis classificatoin
T1

Kloer et al[50], 2005
Tonus et al[41], 2006
Haug et al[33], 2007
Schmidt et al[53], 2009
Hardt et al[46], 2004
Sum
mean ± SD

T2

9 (55.5)
5 (60)
6 (67)
8 (57)
7 ����
(57)
35
59 ± 5

18 (61.1)
11 (64)
16 (44)
20 (84)
11 (64)
76
63 ± 14

Dukes classification

T3
49 (81.6)
25 (89)
34 (71)
42 (79)
33 (78)
183
80 ± 7

T4

Dukes A

Dukes B

Dukes C

Dukes D

12 (83.3)
4 (100)
4 (100)
11 (91)
9 (78)
40
90 ± 10

23 (52.2)
5 (60.0)
12 (67.0)

24 (76.0)
17 (76.0)
18 (61.0)

26 (80.8)
9 (89)
12 (67.0)

17 (82.4)
10 (90.0)
6 (100.0)

40
60 ± 7

59
71 ± 9

47
79 ± 11

33
91 ± 9

n: Number of samples tested; %: Sensitivity.

Table 6 Sensitivity of faecal pyruvate kinase isoenzyme type
M2 for adenoma n (%)

Table 5 Head-to-head comparison of the sensitivity for
colorectal cancer of faecal pyruvate kinase isoenzyme type
M2 and guaiac-based faecal occult blood test n (%)

Reference
Reference
Naumann et al[45], 2004
Vogel et al[44], 2005
Shastri et al[7], 2006
Koss et al[8], 2008
Sum
mean ± SD

CRC M2-PK

CRC gFOBT

27 (85.2)
22 (77)
74 (81.1)
32 (81)
155
81.1 ± 3.3

27 (62.9)
22 (27)
74 (36.5)
32 (21)
155
36.9 ± 18.5

Naumann et al[45], 2004
McLoughlin et al[51], 2005
Vogel et al[44], 2005
Shastri et al[7], 2006
Mulder et al[35], 2007
Koss et al[8], 2008
Shastri et al[31], 2008
Haug et al[30], 2008
Sum
mean ± SD

n: Number of samples tested; %: Sensitivity; CRC: Colorectal cancer;
gFOBT: Guaiac-based faecal occult blood test; M2-PK: Pyruvate kinase isoenzyme type M2.

Adenoma
without diameter

Adenoma
< 1 cm ø

Adenoma
> 1 cm ø

11 (27.3)

13 (61.5)

21 (28.6)

10 (20.0)

5 (20)
48 (29.2)
254 (22.1)
339
25 ± 4

5 (60)
21 (57.1)
68 (23.5)
117
44 ± 21

30 (76)
21 (48)
47 (28)

98
51 ± 24

n: Number of samples tested; %: Sensitivity;ø: Diameter.

RESULTS

of adenoma is an important aspect in the prevention of
CRC. The sensitivity of faecal M2-PK for adenoma was
investigated in eight studies and ranged between 20% and
76%, whereby a clear dependency with the diameter of
the adenoma is described (Table 6). In total, 339 adenomas with a diameter < 1 cm and 117 adenomas with a
diameter > 1 cm were investigated. Twenty-five percent
of the adenomas < 1 cm in diameter tested positive with
the faecal M2-PK test and 44% of the adenomas > 1 cm
were correctly detected. Three studies included a total of
98 stool samples from patients with adenoma of unclassified diameter. Faecal M2-PK concentrations above the
cut-off were found in 51% of the samples. In direct comparisons of faecal M2-PK with gFOBT, 25% of patients
with polyps < 1 cm tested positive with the M2-PK test
whereas only 9% were identified by the gFOBT (Table 7).
Fourty-seven percent of adenomas > 1 cm in diameter
tested positive with the M2-PK test whereas the gFOBT
detected only 27% (Table 7). One study with adenomas
of unclassified diameter revealed a sensitivity of 48% for
M2-PK in comparison to 9% for gFOBT. Möslein et al[10]
combined adenomas > 1 cm in diameter and CRC to
form a group with 55 cases of “advanced neoplasia”.
The resultant sensitivity of faecal M2-PK for advanced
neoplasia was 27.3% whereas the sensitivity of gFOBT
was only 9.1%. This study also included a head-to-head
comparison of four iFOBTs from different manufacturers using the same 55 samples of patients with advanced
neoplasia. With sensitivities of 7.3%, 8.5%, 18.9% and

Sensitivity of faecal M2-PK for colorectal carcinoma
Sensitivity of the faecal M2-PK test for CRC was investigated and calculated in twelve independent studies (Table 3���������������������������������������������
and Figure
����������������������������������������
1), which found sensitivities of
faecal M2-PK for detection of CRC between 68% and
97%. The mean sensitivity of all twelve studies is 80.3%
± 7.1%. These twelve studies measured faecal M2-PK
concentrations in a total of 704 stool samples of patients
with CRC, whereby 559 tested positive. Five studies
considered the tumor node metastases and/or Dukes
classification and showed a close correlation between the
sensitivity of the faecal M2-PK test and staging (Table 4).
The mean sensitivities ranged from 59% for T1 to 90%
for T4 and from 60% for Dukes A to 91% for Dukes
D. gFOBT studies from various countries showed much
lower sensitivities for CRC which ranged between 13%
and 50%[4-6]. The higher sensitivity of faecal M2-PK compared to gFOBT was confirmed in four studies which
measured faecal M2-PK and gFOBT head-to-head in the
same patients (Table 5). Combining all four studies, 155
samples from patients with CRC were tested for faecal
M2-PK and gFOBT. M2-PK correctly detected 81.1%
whereas the gFOBT detected only 36.9%.
Sensitivity of faecal M2-PK for adenoma
More than 90% of colorectal carcinomas evolve from
adenoma via the adenoma-carcinoma sequence within 10
to 15 years. Therefore, the early detection and removal
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Table 7 Head-to-head comparison of sensitivity for adenoma of faecal pyruvate kinase isoenzyme type M2 and guaiac-based faecal
occult blood test n (%)
Adenoma < 1 cm ø Adenoma < 1 cm ø Adenoma > 1 cm ø Adenoma > 1 cm ø
M2-PK
gFOBT
M2-PK
gFOBT

Reference
Naumann et al[45], 2004
Vogel et al[44], 2005
Shastri et al[7], 2006
Koss et al[8], 2008
Sum
mean ± SD

11 (27.3)

11 (18.2)

13 (61.5)

13 (30.8)

21 (28.6)
5 (20.0)
37
25 ± 5

21 (9.5)
5 (0.0)
37
9±9

10 (20.0)
5 (60.0)
28
47 ± 24

10 (30.0)
5 (20.0)
28
27 ± 6

Adenoma w/o ø
M2-PK

Adenoma w/o ø
gFOBT

21 (48)

21 (9)

21

21

n: Number of samples tested; %: Sensitivity; w/o ø: Without measurement of diameter; ø: Diameter; gFOBT: Guaiac-based faecal occult blood test; M2-PK:
Pyruvate kinase isoenzyme type M2.

Table 8 Measurements of faecal pyruvate kinase isoenzyme type M2 in stool samples of healthy individuals
Reference

No. of healthy participants

Test-negative participants (%)

Colonoscopy (yes/no)

2787
97
42
1906
917
13
4854
796
11 412

91.6
98
93
90.4
78.6
100.0
91.2
89.5

No
Yes
Yes
No
No
Yes
No
Yes

Belluti et al[52], 2005
McLoughlin et al[51], 2005
Tonus et al[41], 2006
Ewald et al[37], 2007
Haug et al[33], 2007
Koss et al[8], 2008
Tonus et al[49], 2009
Möslein et al[10], 2010
Sum
mean ± SD

91.5 ± 6.4

Specificity (%)
97.4 (e)
98
93

100.0
93.4 (e)
89.5
95.2 ± 3.9

e: Estimated specificities calculated by authors based on the sensitivity of faecal pyruvate kinase isoenzyme type M2 for colorectal cancer (CRC) and advanced neoplasia, and the prevalence of CRC and advanced adenoma.

20%, respectively, all four iFOBTs were less sensitive than
faecal M2-PK.

(n = 796). In study 49 with 4854 participants, the authors
calculated an estimated specificity of 93.4% based on a
prevalence of CRC of 2%. Based on a prevalence of 0.5%
for CRC and 18% for advanced adenoma, the authors of
study 52 with 2787 participants calculated an estimated
specificity for colorectal neoplasia of 97.4%. The screening in study 49 with 4854 participants describes a continuous increase in the percentage of faecal M2-PK positive
volunteers with age from 30 years old upwards (Figure 3).

Specificity of faecal M2-PK for colorectal carcinoma
The specificity of an in-vitro diagnostic test reflects the
proportion of correctly identified negatives. Consequen
tly, the composition of the control group has a profound
effect on the specificity. By its very definition, screening
is used in a population to detect a disease in individuals
without signs or symptoms of that disease. Therefore,
symptoms in the gastrointestinal tract, such as pain, visible blood in the stool or known inflammation are not appropriate for inclusion into the control group of a CRC
screening study. In total, seventeen publications calculated specificities for the M2-PK stool test. Nine of these
studies included patients from hospitals (clinical settings
instead of screening settings) with positive gFOBTs and
with inflammation and/or other symptoms in the gastrointestinal tract into the control group and hence these
studies have been discounted from our evaluation of the
specificity of faecal M2-PK[7,30,31,35,44-46,50,53]. Eight studies,
comprising 11 412 samples in total, had control groups
which conformed to the correct composition for screening studies (Table 8, Figures 2 and 3). Ninty one point
five percent tested negative which means that about 9%
of those tested had a faecal M2-PK value above the cutoff value of 4 U/mL. Colonoscopies were performed in
four studies[8,10,51,41] (Table 8) and revealed specificities of
98% (n = 97), 93% (n = 42), 100% (n = 13) and 89.5%

WJG|www.wjgnet.com

DISCUSSION
With a sensitivity of about 80% for CRC and 44% for
adenoma > 1 cm, faecal M2-PK outclasses the gFOBT
which has sensitivity between 13% and 50% for CRC
(Tables 3-7, and literature[4-6]). The superiority of faecal
M2-PK may be due to the fact that M2-PK is a metabolic
biomarker which is characteristic for the metabolic state
of tumour cells and their precursors, whereas detection
of bowel cancer using the gFOBT is restricted to bleeding tumours and adenoma. Therefore, faecal M2-PK has
the advantage that it detects both bleeding as well as nonbleeding tumours and adenoma and will close a gap in
clinical practice. Conversely, faecal M2-PK does not have
false positive results due to various non-cancerous sources
of bleeding, e.g., haemorrhoids and fissures. Screening
studies involving a total of more than 11 000 healthy subjects have demonstrated a mean specificity of 95.2% for
the detection of CRC/advanced neoplasia with faecal M2-
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Total number of subjects: n = 2787
Number of test-negative sujects: n = 2553

14
12

60

10

50

12.0%
9.5%
6.9%

8

40

8.0%

9.2%

6

30

4

8.4%

2

10

20-29

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
36-38
> 38

Age (yr)

M2-PK concentrations (U/mL)

Figure 3 Percentage of faecal pyruvate kinase isoenzyme type M2-positive volunteers by age group (from Tonus et al[49]).

Figure 2 Distribution of faecal pyruvate kinase isoenzyme type M2 concentrations in a screening collective of 2787 participants aged from 45 to
65 years[52]. n: Number of test negative; N: Total number of subjects; M2-PK:
Pyruvate kinase isoenzyme type M2.

small stool sample (from a single stool passage), which
may be collected with a convenient stool sample device,
is necessary and no dietary restrictions are needed. Faecal M2-PK is an appropriately sensitive tool to pre-select
those patients who require colonoscopy for further diagnostic confirmation or exclusion of CRC. Based on the
current data we recommend the use of faecal M2-PK as
a routine in-vitro diagnostic test for CRC screening.

PK. The specificities were 100%, 98%, 93% and 89.5%,
respectively, in studies which incorporated colonoscopies;
97.4% and 93.4% in studies with estimated specificities;
and 90.4% and 78.6 % in studies without colonoscopies
(Table 8). This demonstrates that specificities were higher
in studies with confirmatory colonoscopies in comparison
to studies without colonoscopies. Whilst gFOBT specificities ≥ 94% are reported in the literature[5,6], the authors
of a meta-analysis of over 440 000 subjects from six independent studies concluded that more than 80% of the
positive gFOBT results are actually false positives[54]. In
most studies the calculated specificities are based on the
results of colonoscopy. Colonoscopy is the gold standard
for early detection of CRC and polyps and has the advantage that polyps, the potential precursors of carcinogenesis, can be simultaneously detected and removed. However, recent studies have revealed that colonoscopies may
have false negative results, e.g., due to suboptimal bowel
preparation. For example, a systematic review which
summarized six studies totaling 465 patients who had
undergone two colonoscopies on the same day revealed a
pooled miss rate of 22% for polyps of any size[55].
IBD may also be a cause of increased faecal M2-PK
levels and hence detection of previously undiagnosed
patients by faecal M2-PK is another advantage of the
test, whereas those patients with known IBD are subject
to their own endoscopic monitoring program and are
not categorized as suitable for inclusion in a non-invasive
CRC screening program.
The cost of one faecal M2-PK ELISA test is about
15-25 US$. In comparison, based on 2004 data from
privately insured beneficiaries, costs were estimated to be
about 557 US$ (range: 150-1112 US$) for a colonoscopy,
174 US$ (range: 54-392 US$) for a flexible sigmoidoscopy and 7 US$ (range: 2-16 US$) for a guaiac faecal occult
blood test[56].
In conclusion, faecal M2-PK, either as an ELISA or
as a lateral flow rapid test, is a cost-effective and easy-toperform routine test. In contrast to the gFOBT, only one
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Background

Colorectal cancer (CRC) is the most frequent malignant disease worldwide. The
gold standard for early detection of colorectal neoplasia is colonoscopy. However, the acceptance of screening colonoscopy by potential screenees is low.
Faecal pyruvate kinase isoenzyme type M2 (faecal M2-PK) is an in-vitro diagnostic test which recognizes a specific metabolic characteristic of proliferating
cells in 4 mg stool samples. The simplicity of sample collection can encourage
participation in CRC screening programs.

Research frontiers

The sensitivity and specificity of faecal M2-PK for CRC screening has been
investigated in numerous publications. Here the paper presents a critical
discussion of the efficacy of faecal M2-PK for CRC screening based on the accumulated data from currently available studies.

Innovations and breakthroughs

The most established in-vitro diagnostic test for CRC screening is the guaiacbased faecal occult blood test (gFOBT). In contrast to the FOBTs, faecal M2-PK
detects bleeding and non-bleeding tumors. With a sensitivity of about 80% for
CRC and 44% for adenoma > 1 cm, faecal M2-PK outclasses the gFOBT which
has a sensitivity between 13% and 50% for CRC.

Applications

This meta-analysis summarizes the results of 17 published studies evaluating
the faecal M2-PK test for CRC screening. The data will help to critically assess
the efficiency of the faecal M2-PK test in comparison to other in-vitro diagnostic
tests for CRC screening.

Peer review

This is a meta-analysis about screening CRC with fecal MK-pyruvate kinase.
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