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AbstrAct:   PurPose: The aim of the study was to determine the significance of carcinoembryonic antigen and matrix metalloprotein-
ase 2 peritoneal washes and serum concentration in patients suffering from colorectal cancer concerning tumor staging and 
5-year survival rate in these patients.

  Methods: 80 patients who underwent curative surgery for colorectal cancer were included in the study. Preoperative serum 
and intraoperative peritoneal washes CEA and MMP-2 concentrations were measured. 

  results: Regarding tumor penetration, CEA-s and CEA-p concentrations were higher in subsequent stages from T2 to T4. 
Both CEA-s and CEA-p concentrations were lower in T2 compared to T3 and T4. Significant difference of CEA-s and CEA-p was 
noted between T2 and T4 stages. MMP-2-s concentration was higher in T3 compared to T2, the highest MMP-2-p concentration 
was in T4, with no statistical significance. Regarding nodular status, a significant difference of CEA-s was noted between N0 
and N1. For CEA-p, significance was found between N0 and N2 as between N1 and N2. MMP-2-s concentration was the highest 
in N1, MMP-2-p concentration was the highest in T4, with no statistical significance. The 5-year survival rate for all patients was 
63.53%. There were significant differences in CEA-s and CEA-p concentrations between patients with negative and positive 
5-year survival. 

  conclusion: Intraoperative peritoneal washes concentration of CEA may potentially serve as an important factor for 
more precise colorectal cancer staging. CEA-p and CEA-s concentrations correlate with survival rate in patients suffering from 
colorectal cancer and can be useful as an additional prognostic factor. The usefulness of MMP-2 measurement still requires 
further studies.
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introduction

Cancer in general becames one of the most dynamically increasing 
diseases in the global population. In 2012, more than one and a 
quarter milion people died from cancer in the European Union 
(EU), which accounted for 25.8% of the total number of deaths. 
Cancer accounted for a higher share of deaths among men (29.2%) 
than among women (22.5%). In the same year, more than 150,000 
poeople died in Europe from colon and rectum cancer (crc) which 
accounted for 11.9% of all deaths from cancer and 3.1% of the to-
tal number of deaths from any cause [1]. Colorectal cancer is the 
second most commonly diagnosed cancer, after breast cancer, 
that affects both men and women. It is also the second, after lung 
cancer, leading cause of deaths in Europe and the United States 
[1, 2, 3, 4]. In the EU, the 5-year relative survival for patients dia-
gnosed in 2000–2007 was 57% and it ranged from 61% in Central 
Europe to 52% in Ireland and United Kingdom (UK) and 49% in 
Eastern Europe [5]. 

With its increasing morbidity and mortality, especially in deve-
loped countries, crc is claimed to be the main problem of health 
care services [6]. Despite screening programs, many patients are 

diagnosed with an advanced disease. There is not much to offer to 
the patient who reports with 4th degree disease staging. 

This is the reason for great interest in colorectal cancer markers. 
The best known and most useful prognostic marker in crc patients 
is carcinoembryonic antigen (CEA) described by Gold and Freed-
man in 1965 [7]. It is known that CEA serum concentration de-
pends on staging, tumor localization, liver condition (carcinoem-
bryonic antigen is metabolized in liver cells) but also on smoking 
cigarettes. Antigen concentration was described to be higher in 
poorly-differentiated tumors and tumors located in the left colon 
[7, 8]. There was a higher serum concentration in smoking patients 
in comparison to non-smokers [9]. Routinely, CEA is measured 
before and after operation and during the follow-up period be-
cause its increasing serum concentration is usually the first sign 
of recurrent disease [10, 11, 12, 13]. CEA concentration was also 
previously measured in peritoneal washes in cancer patients [14, 
15, 16, 17]. Lee et al. confirmed the correlation between CEA-p 
concentration and depth of tumor invasion, presence of metasta-
ses and TNM staging [18]. Kanellos et al. also proved a correlation 
with high risk of local recurrence [19]. In gastric cancer patients, 
the authors confirmed correlation of CEA-p concentration with 
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The presented paper shows a significantly higher concentration of CEA-s and CEA-p in subsequent stages according to TNM classifica-
tion and a significant correlation with the presence of nodular metastases. It may potentially serve as a valuable complementation of 

TNM classification.
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Histopathological assessment 
Updated TNM classification was used for disease staging [36]
Tumors size was calculated as length x width of tumor’s cross sec-
tion which was established during histopathological examination. 
Patients were divided into 2 groups according to tumor size: below 
and over the median tumor cross section. 

CEA and MMP-2 concentrations

CEA concentration was measured with the Chemiluminescent 
Microparticle Immunoassay (CMIA) method by Architect i2000 
Chemiflex protocol. In the diagnostic laboratory where concen-
tration of CEA serum was assessed, in routine practice CEA con-
centration between 0 to 5 ng/ml was set as a normal range. Con-
centration of CEA peritoneal washes was set between 0 to 5 ng/ml 
as previously described [37]. 

Concentrations of MMP-2 were measured with the Enzyme Linked 
Immunosorbent Assay (ELISA) method by commercially availa-
ble Quantikine Human/Mouse/Rat MMP-2 Immunoassay, R&D 
Systems, US as per the manufacturer’s instruction. CEA-s, CEA-
-p and MMP-2-p was measured in all patients, MMP-2-s was de-
termined only in 20 cases.

Ethics
The study was approved by the local Ethics Committee in the Me-
dical University of Warsaw. Written informed consent was obta-
ined from each study participant before enrolling to the study. 

Statistical analysis 
Statistical analysis was performed with the statistical platform Sta-
tistica 7.1 by Statsoft (Krakow, Poland, 2013). TheMann-Whitney 
U test was used for comparison of independent samples. Spear-
man rank correlation test was used for correlations. The signifi-
cant level of p value was <0.05.

results

Demographic and histopathological characteristics of patients

Eighty patients (43 men and 37 women) at a mean age of 66 years 
were qualified to the study. Half of them had colon cancer. Adeno-
carcinoma was found in the majority of cases. The medium size of 
tumor’s cross section was 25.12 cm2. Comparing the tumor size in 
different TNM, stages the biggest tumors were found in stage III 
(29.21 ± 17.66) and the smallest in stage I (18.68 ± 15.93). A trend 
(p=0.06) was noted when stage I tumors were compared to stage 
III and stage IV tumors. No other statistical differences were noted.

Exact demographic and histopathological data is presented in table 
I. M staging was not presented as M1 directly reflects the TNM 
stage IV and M0 stage I, II or III according to TNM classification. 

Biochemical results
Overall, concentrations of CEA-s, CEA-p, MMP-2-s and MMP-
-2-p are presented in table I. The only statistically significant dif-

high risk of intraperitoneal dissemination and presence of nodal 
metastases [20, 21]. The role of serum concentration in matrix 
metalloproteinases (MMPs) in colorectal cancer patients is not 
established and still requires assessment. 

MMPs are a heterogenous group of zinc-dependent proteases that 
rebuild the extracellular matrix [22, 23]. They play an important 
role in many physiological processes such as tissue rebuilding, an-
giogenesis, wound healing, pregnancy and childbirth, and in pa-
thogenesis of many diseases like atherosclerosis, arthritis, cancer 
invasion [24, 25]. 

Their expression is regulated by inflammatory cytokines, hor-
mones, growth factors [26]. The activity of MMPs is inhibited by 
structurally related proteins - tissue inhibitors of matrix metallo-
proteinases (TIMPs) [27]. 

Matrix metalloproteinase-2 and 9 are gelatinases which participate 
in degradation of colagen type IV and play a role in development 
of tumor and metastasis [28, 29]. Expression of these proteinases 
in the epithelium of various cancers, such as endometrial cancer 
or crc is associated with poor prognosis and can promote tumor 
invasion [30, 31]. 

Several studies revealed the important role of MMP-2 and MMP-
9 in colon cancer [32, 33, 34, 31]. Nevertheless, so far there are 
no published studies which assess the concentration  of peritone-
al washes MMP-2 or MMP-9 in crc patients. The role of MMP-2 
and MMP-9 in tumor development and cancer progression is less 
described in literature than MMP-9 despite the fact that they are 
both gelatinases and have similar characteristics [35].

The current study was conducted to investigate the usefulness of 
CEA and MMP-2 serum (CEA-s, MMP-2-s) and peritoneal wa-
shes (CEA-p, MMP-2-p) concentrations in patients with different 
staging of colorectal cancer. 

MAteriAls And Methods

Materials

From January 2010 to August 2011, 80 consecutive patients (37 women 
and 43 men) who underwent curative resection for colon or rec-
tum cancer were included in the study. 

In all patients, oncologic disease was confirmed by histopathology 
(colonoscopy biopsy) and concentration of CEA serum was measured 
before surgery. Patients with complications from cancer (bleeding, 
perforation) who required an emergency surgery and patients with 
free fluid in the abdominal cavity were excluded from the study. 

Methods

Surgical methods and collection of material

All patients were operated according to schedule by laparotomy. 
At the beginning of each surgical procedure, before abdominal 
cavity exploration, 20 ml of saline were inserted  into the abdo-
men and, after 5 minutes of lavage, 10 ml of washes from the pe-
lvic region were aspired. 
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Concentrations of CEA and MMP-2 according to T and N stages
Nodular metastases and distant metastases were investigated ac-
cording to TNM classification of tumor staging. Concentrations 
of CEA-s and CEA-p were higher in T3 (for CEA-s p=0.024 and 
for CEA-p p=0.025) and T4 (for CEA-s p=0.01 and for CEA-p 
p=0.02) compared to T2 grade. The presence of nodular metasta-
ses was confirmed in over 50% patients in IV stage of TNM sta-
ging. Concentrations of CEA-s and CEA-p was the highest in N1. 
A significant difference of CEA-s was noted between N0 and N1 
(p=0.03). For CEA-p, significance was found between N0 and N2 
(p<0.0001) as between N1 and N2 (p=0.006) for CEA-p. We found 
a positive correlation of CEA-s and CEA-p with count and per-
centage of metastasized lymph nodes and CEA-p with the surface 
of the tumor cross section (Tab. III).

ference in concentration of markers between the men’s and wo-
men’s group was found for CEA-p (p=0.03).

Concentration of CEA and MMP-2 according to tumor 
localization and size

Concerning tumor localization, there was no significant diffe-
rences in serum or concentrations of peritoneal washes CEA 
and MMP-2 = (Tab. II). The highest CEA-s concentration was 
found in the sigmoid and CEA-p in rectal tumors. The highest 
MMP-2-s concentration was in the sigmoid and MMP-2-p in co-
lonic tumors. In the group of patients with tumors with an over 
29 cm2 tumor size, there was a significantly higher MMP-2-p 
concentration (p=0.025).

tab. i.  Demographic characteristic, histopathological data and biochemical results of patients.

All PAtients
n=80

Men
n=43

woMen
n=37

P vAlue

Age 
(mean±SD) 66.5±12.35 66.65±12.43 66.27±12.44 #ns

Tumor localization:
Colon, n(%)
Sigmoid colon, n(%)
Rectum, n(%)

40 (50%)
24 (30%)
16 (20%)

21 (49%)
12 (28%)
10 (23%)

19 (51%)
12 (32%)
6 (16%)

*ns dla wszystkich porównań

Tumor size 
(mean±SD) 25.12 ± 16.04 28.41 ± 17.16 21.18 ± 13.82 #0.032

Histopathology:
Adenocarcinoma

Adenocarcinoma partim 
gelatinosum

Adenocarcinoma mucinosum

72 (90%)

7 (8.75%)

1 (1.25%)

39 (91%)

4 (9%)

0

33 (89%)

3 (8%)

1 (3%)

*ns for all comparisons

T stageˆ
T2
T3
T4

12
54
3

8
28
1

4
26
2

*ns for all comparisons

N stageˇ
N0
N1
N2

36
20
16

22
12
  5

14
8
11

*ns for all comparisons

TNM classification
I
II
III
IV

11 (14%)
21 (26%)
23 (29%)
25 (31%)

7 (16%)
12 (28%)
14 (33%)
10 (23%)

4 (11%)
9 (24%)
9 (24%)
15 (41%)

*ns for all comparisons

CEA-s mean
Median
Q1; Q3

116.57
2.1
1.71; 3.88

40.76
2.72
1.82; 4.15

363.74
6.38
1.64; 149.5

#ns

CEA-p mean
Median
Q1; Q3

105.61
1.37
0.5; 5.13

77.14
1.04
0.5; 12.94

178.82
4.36
1.04; 68.62

#0.03

MMP-2-s mean
Median
Q1; Q3

126.48
150.6
143.84; 163.19

188.46
150.6
134.3; 182.1

143.46
128.93
115.34; 199.12

#ns

MMP-p mean
Median
Q1; Q3

106.31
38.11
5; 194.56

125.21
23.73
4.50; 151.48

132.17
64.54
10.96; 207.52

#ns

# p value counted with Mann-Whitney U test for comparison between men and women
* p value counted with chi-square test for comparison between men and women
ˆ T1 was not present in histopathological material
ˇ N3 was not present in histopathological material
ns – not statistically significant
CEA-s – concentration of carcinoembryonic antigen serum 
CEA-p – concentration of carcinoembryonic antigen peritoneal washes 
MMP-2-s – concentration of matrix metalloproteinase 2 serum 
MMP-2-p – concentration of matrix metalloproteinase 2 peritoneal washes 



39POL PRZEGL CHIR, 2018: 90 (5), 36-43

original article

M stage (r=0.39, r=0.48, respectively) and TNM (r=0.48, r=0.54, re-
spectively), p<0.05 for all correlations. In case of MMP-2, the only 
correlation was noted for MMP-2-s, M stage (r=0.55) and TNM 
(r=0.52). Interestingly, CEA-p correlated with MMP-2-p (r=0.29).

Survival and mortality rate 
The 5-year survival rate was 63.5% and 1-year survival rate was 
78.8%. The mortality rate within a 5-year period was 37.5% for 
rectal cancer and 36.2 % for colon cancer. A significantly higher 
CEA-s (p=0.02) and CEA-p (p=0.0002) concentration was me-
asured in patients who died before 5 years after surgery. CEA-p 
was also significantly higher in patients who died less than 1 year 
after surgery in comparison to those who survived more than 
5 years (p=0.008). For patients with concentration if CEA-s <5ng/ml, 
the 5-year survival rate was 71.4%, for patients >5ng/ml was 
38.5%. For CEA-p, the 5-year survival rate for both groups was 
75% and 37.9%.

Comparisons of MMP-2 concentrations revealed no statistically 
significant differences. Concentrations of all markers were pre-
sented in table IV.

Concentrations of CEA and MMP-2 according to TNM stages  

Concentrations of CEA-s, CEA-p, MMP-2-s and MMP-2-p are 
presented in table IV. The highest concentration of serum and pe-
ritoneal washes was found in both markers in stage four of TNM. 
For the concentration  of CEA serum, statistically significant dif-
ferences in subsequent TNM stages (from I° to IV°) were noted 
with ANOVA test ( for CEA-s p=0.035 and for CEA-p p=0.0027).

Correlations of biochemical and histological parameters 

We have noted positive correlations between CEA-s and CEA-p 
(r=0.42). Both CEA-s and CEA-p correlated positively with T 
(r=0.37, r=0.35, respectively), N stage (r=0.28, r=0.57, respectively), 

tab. ii.  Concentrations of serum and peritoneal washes of CEA and MMP-2 according to tumor localization.

tuMor locAlizAtion ceA-s (nG/Ml) ceA-P (nG/Ml) MMP-2-s (nG/Ml) MMP-2-P (nG/Ml)

colon, mean
median
Q1; Q3

44.35
2.98
1.16; 15.36

87.85
3.76
0.56; 48.98

174.66
140.04
121.18; 190.6

149.58
52.5
15.83; 177.84

sigmoid colon, mean
median
Q1; Q3

310.19
2.86
1.87; 29.93

85.58
1.15
0.5; 6.08

241.94
256.12
2.76; 463.93

107.92
24.8
4.83; 206.83

rectum, mean
median
Q1; Q3

116.57
2.1
1.71; 3.88

105.61
1.37
0.5; 5.13

126.48
150.6
143.84; 163.19

106.31
38.11
5; 194.56

CEA-s – concentration of carcinoembryonic antigen serum 
CEA-p – concentration of carcinoembryonic antigen peritoneal washes 
MMP-2-s – concentration of matrix metalloproteinase 2 serum 
MMP-2-p - concentration of matrix metalloproteinase 2 peritoneal washes 
Q1 – first quartile
Q3 – third quartile

tab. iii.  Concentrations of serum and peritoneal washes of CEA and MMP-2 according to T and N stage.

t/n stAGe ceA-s (nG/Ml) ceA-P (nG/Ml) MMP-2-s (nG/Ml) MMP-2-P (nG/Ml)

T2 mean
median
Q1; Q3

3,96
1,80
0,77; 2,10

3,33
0,5
0,5; 0,73

57,41
25,63
2,76; 143,84

119,33
39,23
3,97; 239,8

T3 mean
median
Q1; Q3

158,95
2,86
1,71; 6,84

104,05
2,46
0,5; 8,51

181,57
150,71
128,93; 199,12

98,23
35,32
6,25; 106,07

T4 mean
median
Q1; Q3

218,37
81,86
6,01; 557,23

197,03
99 100
1,15; 490,83

* 191,53
213,01
2,74; 358,83

N0 mean
median
Q1; Q3

16,73
2,17
1,36; 3,60

4,54
0,58
0,5-2,86

120,70
134,30
25,63; 167,27

104,19
30,84
3,99; 111,90

N1 mean
median
Q1; Q3

333,31
4,01
2,25; 25,79

131,89
1,80
0,91; 6,08

247,20
163,19
150,83; 329,12

101,43
35,32
5,48; 190,63

N2 mean
median
Q1; Q3

174,92
6,01
1,61; 311,80

222,66
51,32
4,15; 438,56

150,60# 114,6
37,48
16,59; 158,20

CEA-s – concentration of carcinoembryonic antigen serum 
CEA-p – concentration of carcinoembryonic antigen peritoneal washes 
MMP-2-s – concentration of matrix metalloproteinase 2 serum 
MMP-2-p – concentration of matrix metalloproteinase 2 peritoneal washes 
Q1 – first quartile
Q3 – third quartile
* no patients
# MMP-2 determined in only 1 patient
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neal washes in colon tumors with the largest surface of the cross 
section. The same tendency was  found in the concentration of 
MMP-2 washes. These results are in accordance to previous in-
vestigations confirming a higher concentartion of these antigents 
in crc tissues compared to normal tissues, thus the concentration  
of paritoneal washes may also be higher [21, 30, 31, 46]. Bala et al. 
revealed a higher concentration of CEA washes in colonic tumors, 
compared to rectal tumors, which was explained by extratperito-
neal rectum localization [44]. In our study, we did not find signifi-
cant differences of both markers according to tumor localization. 

We did not find statistical differences of MMP-2-s and MMP-2-p 
according to different features of tumor invasion or overall TNM 
classification. Interestingly, the highest MMP-2-s concentration 
was observed in the sigmoid where tumor size was the smallest, and 
in MMP-2-p in colonic tumors in which the cross section surface 
was the largest. As there is no previous evidence of the concentra-
tion  pg MMP-2 washes in crc patients, this phenomenon might 
be explained by vasculogenic mimicry which is vascularization wi-
thout endothelium cells, also presented in crc [47]. One can spe-
culate that large tumors secret MMP-2 and this can cause a high 
concentration of washes, whereas growing tumors, due to vascu-
larization, may probably influence a  higher serum concentration.

In the stud,y we also indicate certain correlations between MMP-
2 and tumor size as well as localization that might be essential for 
cancer progression. Our findings might have important implica-
tions, as some authors the on antiprogressive effect of MMP-2 
ihibition [48]. Our results are complementary to those previously 
performed and may indicate direction of further research.  

Concerning the concentration  of MMP-2 serum and peritoneal 
washes as well as TNM classification, our findings are not in ac-
cordance with the results of other studies. However, they are also 
inconclusive. Groblewska et al. revealed a decreasing concentra-
tion of MMP-2 serum with bowel wall infiltration (T), nodular 
involvment (N) and distant metastases [49]. Langenskiold et al. 
investigated the expression  of MMP-2 plasma and revealed lo-
wer expression in T4 tumors vs T2 and T3 tumors [22]. In turn, 
a positive correlation between tissue MMP-2 concentration and 

There were no significant differences in the concentration of MMP-2-s 
and MMP-2-p among these patients. 

discussion

Colorectal cancer, with its increasing morbidity and mortality, still 
requires investigation and new treatment strategies. Many authors 
report a correlation between the concentration of CEA, MMP se-
rum and tumor staging [38, 39, 40, 41, 42, 43]. The present study 
confirms a positive correlation between investigated markers, T 
staging and presence of nodular metastases. Concerning nodular 
metastases, CEA-s significantly differed only between N0 and N1, 
whereas CEA-p both between N0-N2 and N1-N2. All markers had 
the highest presence of distal metastases. We noted a significan-
tly increasing concentration of CEA-s and CEA-p in subsequent 
stages of TNM classification.  

Our results are similar to those published before. Lee et al. reported 
a close correlation between the concentration of CEA peritoneal 
washes and the presence of peritoneal metastases, reccurence and 
peritoneal metastases reccurence in crc patients. The autors con-
firmed a correlation between the concentration of CEA washes and 
positive cytology in peritoneal effusion fluid; however,  they haven’t 
proven any correlations with local advance and nodal metastases [18]. 
Bala et al. reported a significantly higher concentration of CEA-p 
in  D2 Duke’s staging, which remains in accordance to our findings 
[44]. Interesting results were presented by Kanoh et al. who com-
pared the concentration  of CEA in metastatic and negative lymph 
nodes in crc patinets. The authors revealed a significantly higher 
CEA concentration in metastatic lymph nodes [45]. In opposite to 
our results, they did not confirm any significant correlation betwe-
en CEA-p and the presence of nodular metastases. 

In our study, we also confirmed a significant positive correlation 
of CEA-s and CEA-p concentration with the percentage of lymph 
nodes with metastases.. To our knowledge, such a result has not 
been published before. 

What is more, we found a higher concentration of CEA perito-

tab. iv.  Concentration of serum and peritoneal washes of CEA and MMP-2 according to TNM staging.

tnM stAGinG ceA-s (nG/Ml) ceA-P (nG/Ml) MMP-2-s (nG/Ml) MMP-2-P (nG/Ml)

I°(n11), mean
median
Q1; Q3

1.63 
1.73
0.77; 2.05

1.58 
0.30 
0.30; 0.62

57.41 
143.84
143.84; 143.84

128.68 
62.06 
3.63; 240.87

II°(n21), mean
median
Q1; Q3

3.42 
2.80 
1.53; 3.91

6.48 
0.77
0.30; 3.87

144.43 
140.05
121.18; 183.20

106.30 
38.64
6.25; 106.07

III°(n23), mean
median
Q1; Q3

7.35
2.89
1.71; 6.01 

16.71
1.80
0.91; 19.56

184.53 
150.83
150.60; 163.19

82.86 
35.74 
5.79; 103.40

IV°(n25), mean
median
Q1; Q3

950 
40.01 
2.14; 343.83

249.96 
32.28
2.77; 438.56

300.95 
312.27 
148.71; 453.19

188.82 
71.24
19.56; 293.08

CEA-s – concentration of carcinoembryonic antigen serum 
CEA-p – concentration of carcinoembryonic antigen peritoneal washes 
MMP-2-s – concentration of matrix metalloproteinase 2 serum 
MMP-2-p – concentration of matrix metalloproteinase 2 peritoneal washes 
Q1 – first quartile
Q3 – third quartile
CEA-s I a II p = 0,024; CEA-s I a III p = 0,018, CEA-p I a III p = 0,008; CEA-s I a IV p <0,001; CEA-p I a IV p <0,0001; CEA-s II a IV p = 0,003; CEA-p II a IV p = 0,0003
CEA-s III a IV p=0,009; CEA-p III a IV p = 0,023



41

original article

POL PRZEGL CHIR, 2018: 90 (5), 36-43

ga roup of 54 crc patients who were divided into CEA positive/
CEA negative groups. The authors concluded a significantly wor-
se 5-year survival rate in the CEA positive group; they also pro-
ved depth of tumor invasion significantly correlated with CEA-p 
levels [15]. Lee et al. reported significantly reduced the survival 
rate in patients with CEA-p>4ng/ml concentration. In gastric 
cancer there were a higher CEA-p concentration as a negative 
prognostic factor for the 5-year survival [21, 53].  Regadring the 
relation of MMP-2 concentration and 5-year survival, our study 
is inconclusive. We noted a higher concentration of MMP-2-s 
and MMP-2-p in patients with a negative 5-year survival rate 
but without any statistical significance. To our knowledge, the-
re were no studies concerning the concentration  of MMP-2 pe-
ritoneal washes in crc patients. Langers et al. assessed MMP-2 
and MMP-9 levels in normal colorectal mucosa in crc patients 
and suggested these levels are prognostic for 5-year survival, in-
dependent from TNM classification [54]. Also, Hilska et al. re-
ported a high expression of MMP-2 in the malignant epithelium 
and stroma which was associated with reduced survival of crc 
patients [31]. On the other hand, Hong et al. reported that the 
expressions of MMP-2 or MMP7 did not significantly correlate 
to an advanced level of cancer and showed no correlation with 
the prognoses for patients [55].  To assess the usefulness of this 
observation, further studies are required; however, establishing 
new prgnostic factors in crc development might be another step 
in cancer treatment and new therapeutic strategies.

bowel wall inflitration, as well as invasion of vascular and lymph 
vessels has been reported by other authors [50, 51]. 

Previously, the activity of MMP-2 was measured in healthy and co-
lon cancer tissues. Li et al. confirmed a higher activity of MMP-2 
in crc tissue which rose with depth of tumor invasion and pre-
sence of nodular metastses [33]. Liabakk et al. compared MMP-2 
concentration in colon cancer, colonic adenoma and normal co-
lon tissue. Results showed a higher concentration in cancer and 
adenoma compared to normal tissue [34]. 

MMP-2  seems to be an interesting factor in evaluating staging 
and survival prognosis of crc patients. Metaanalysis made by Shi 
et al. concluded that MMP-2 overexpression is asocciated with 
a poor overall and progression-free survival in crc patients [52].

A valuable part of present investigation is a correlation between 
the concentration og CEA-s, CEA-p, MMP-2-s and MMP-2-p 
and colorectal cancer development estimated with survival rate 
after surgery. In the presented study, the 5-year survival rate was 
63.5% (62.5% for colon and 63.7% for rectal cancer) which is in 
accordance with US and EU cancer statistics [1, 4]. In the stu-
dy, we confirmed a significantly higher concentration of CEA-s 
and CEA-p in patients with a negative 5-year survival rate. The-
se results are in accordance with other authors. The concentra-
tion of CEA peritoneal washes was investigated by Abe et al. in 
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