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Summary

Purpose: To study the diagnostic and/or prognostic role of
preoperative blood tests in colorectal cancer.

Methods: Preoperative complete blood count tests and lac-
tate dehydrogenase (LDH) serum levels of 167 patients with
colorectal adenocarcinoma were examined for associations
with clinicopathological parameters, disease-specific survival
(DSS) and relapse-free survival (RFS).

Results: The following parameters showed high sensitivity
(=85%) in detecting these features: platelet to lymphocyte
ratio (PLR) for T4 tumors, white blood cell count (WBC)
and neutrophil count (NC) for distant metastases and lym-
phocyte count (LC) for high-grade tumors. The following pa-
rameters showed high specificity (=85%) in excluding these
features: lymphocyte percentage (LP) for tumors larger than

Introduction

Colorectal cancer is the third most common
malignant disease and the fourth most frequent
cause of cancer-related death worldwide [1]. The
fact that colorectal cancer is such a frequent dis-
ease makes the identification of new biomarkers
necessary. Apart from carcinoembryonic antigen
(CEA), which is the most studied and used bio-
marker for colorectal cancer, other blood biomark-
ers, such as cancer antigen (CA) 19-9, CA 72-4, CA
242 and cell-free nucleic acids, have been tested
in regards to their diagnostic and/or prognostic
role in this disease [2,3]. Various hematological

5 cm, LP, neutrophil to lymphocyte ratio (NLR), neutrophil to
monocyte ratio (NMR), lymphocyte to monocyte ratio (LMR)
and LDH for T4 tumors, platelet to monocyte ratio (PMR) for
T2-T4 tumors, LDH for more than three infiltrated regional
lymph nodes and distant metastases, LMR for high-grade
tumors and neutrophil percentage (NP) for lymphovascular
invasion. WBC and NLR were independent prognostic fac-
tors for DSS, whereas WBC, NP, LP and NLR were independ-
ent prognostic factors for RFS.

Conclusions: Preoperative complete blood count and LDH
serum levels can provide valuable information about diag-
nosis and prognosis in colorectal cancer.

Key words: colorectal cancer, lactate dehydrogenase, leu-
kocytes, platelets, preoperative blood tests, white blood cells

and biochemical parameters, such as neutrophil to
lymphocyte ratio (NLR) [4,5], lymphocyte to mono-
cyte ratio (LMR) [6-8], platelet to lymphocyte ratio
(PLR) [9,10], lactate dehydrogenase (LDH) [11-13],
etc., have been tested as potential diagnostic and/
or prognostic markers in a variety of malignant
diseases during the last few years. Our aim was to
study the potential role of various parameters of
preoperative blood tests, specifically the complete
blood count test and the biochemical blood test, as
diagnostic and/or prognostic markers in colorectal
cancer.
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Methods

Patients

One hundred and sixty-seven patients with newly
diagnosed colorectal adenocarcinoma [102 men and 65
women, age: mean + SD: 70.5 years + 10.1, median (min-
max): 71 years (42-94)] who had undergone complete ex-
cision of their primary tumor within a time period of 41
months in our department were included in this study.
Their preoperative blood tests, specifically the complete
blood count test and the biochemical blood test, were re-
viewed. The values of the following parameters were col-
lected from them: white blood cell count (WBC), neutro-
phil count (NC), neutrophil percentage (NP), lymphocyte
count (LC), lymphocyte percentage (LP), monocyte count
(MC), monocyte percentage (MP), platelet count (PLT),
mean platelet volume (MPV), platelet distribution width
(PDW), plateletcrit (PCT), neutrophil to lymphocyte ratio
(NLR), neutrophil to monocyte ratio (NMR), lymphocyte
to monocyte ratio (LMR), platelet to neutrophil ratio
(PNR), platelet to lymphocyte ratio (PLR), platelet to
monocyte ratio (PMR) and lactate dehydrogenase (LDH).
These parameters were examined in regards to their
associations with various clinical and pathological pa-
rameters, as well as disease-specific survival (DSS) and
relapse-free survival (RFS). Patients’ clinicopathological
parameters are listed in Table 1. Staging was performed
using the 8t edition of the TNM Classification of Ma-
lignant Tumors according to the International Union
Against Cancer (UICC) [14]. This study conformed to the
Declaration of Helsinki and the guidelines of the Ethical
Committee of our institution.

Measurement of complete blood count

Four ml of blood were collected in EDTA vacutainer
tubes with lavender top. Blood samples were analyzed
within 30 min from the blood drawn using the Sysmex
XT-4000i automated hematology analyzer (Sysmex,
Kobe, Japan).

Measurement of LDH serum levels

Four ml of blood were collected in serum-separating
tubes. Blood samples were allowed to clot at room tem-
perature for at least 30 min. Subsequently, the tubes
were centrifuged at 2500 rpm for 15 min. The collected
serum was processed using immunochemistry (Ar-
chitect c16000 analyzer; Abbott Diagnostics, IL, USA)
within 2 hrs from the blood drawn, in order LDH levels
to be measured. The normal value range was 200-460
IU/L for this assay. As far as LDH levels are concerned,
the inter-assay coefficient of variation was <12% and the
intra-assay coefficient of variation was <10%.

Statistics

The Shapiro-Wilk test was used for the assessment
of the normality of data distribution. Comparisons be-
tween two groups were performed with the Student’s
t-test, Welch test or Mann-Whitney U test, as appropri-
ate. Comparisons between three or more groups were
performed using analysis of variance (ANOVA) with the
Bonferroni correction or the Kruskal-Wallis test with the
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Table 1. Patient’s clinicopathological data (n=167)

Data n
Gender

Male 102

Female 65
Age, years

Mean + SD 70.5 £ 10.1

Median (min-max) 71 (42-94)
Segment of the large intestine

Right colon 50

Left colon 59

Rectum 58
Tumor diameter, cm

Mean + SD 41+1.8

Median (min-max) 3.9 (0.7-12)
Stage

0 10

I 37

II 49

111 52

v 19
Direct extent of the primary tumor (T)

Tis 10

T1 12

T2 38

T3 88

T4 19
Disease spread to regional lymph nodes (N)

NO 100

N1 31

N2 36
Distant metastases (M)

MO 148

M1 19
Histological grade

Low grade 124

High grade 43
Lymphovascular invasion

No 129

Yes 38
Perineural invasion

No 153

Yes 14
Mucinous neoplasm

No 151

Yes 16
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Bonferroni correction, as appropriate. Correlations be-
tween two continuous variables were assessed using the
Pearson’s correlation coefficient or the Spearman’s rank
correlation coefficient, as appropriate. The receiver oper-
ating characteristic (ROC) curve was used in conjunction
with the Youden'’s J statistic for the assessment of the
optimal cut-off points for parameters that yielded signifi-
cant differences. These optimal cut-off points were taken
into account for the calculation of sensitivity, specific-
ity, positive predictive value (PPV), negative predictive
value (NPV) and accuracy.

There were sufficient data for 113 patients in re-
gards to DSS, of which the 23 (20.4%) died within the
surveillance period [mean surveillance period + SD: 50.1
months #+ 30.3, median surveillance period (min-max): 48
months (0-99)] and for 107 patients in regards to RFS, of
which the 26 (24.3%) had relapse of the disease within
the surveillance period [mean surveillance period + SD:
51.5 months + 30.1, median surveillance period (min-
max): 60 months (0-99)]. For the assessment of DSS and
RFS, we divided patients into four groups, according to
the levels of the tested parameter (group 1: <25% percen-
tile, group 2: >25% and <50t percentile, group 3: >50t
and <75t percentile, group 4: >75% percentile). Kaplan-
Meier curves were used for the assessment of DSS and
RFS and the log-rank test was used for comparison of
survival among different groups. Multivariate survival
analysis was performed using Cox regression with the
forward conditional method.

All the tests were two-tailed. The level of statistical
significance was set at p value less than 0.05. The sta-
tistical analyses were carried out using the 23 edition
of the Statistical Package for the Social Sciences (SPSS)
(IBM, Armonk, NY, USA).

Results

Tumor diameter

There was a positive correlation between
tumor diameter and NC (r=0.163, p=0.037), NP
(r=0.233, p=0.003), PLT (r=0.245, p=0.002), PCT
(r=0.189, p=0.015), NLR (r=0.249, p=0.001) and
PLR (r=0.258, p=0.001), whereas there was a nega-
tive correlation between tumor diameter and LC
(r=-0.196, p=0.011), LP (r=-0.234, p=0.002), PDW
(r=-0.202, p=0.012) and LMR (r=-0.204, p=0.009).
Various tumor diameters were tested as thresholds.
Our analysis showed that tumors larger than 3 cm
had increased WBC (p=0.009), NMR (p=0.03) and
LDH (p=0.018) when compared with tumors up to
3 cm in diameter. In addition, tumors larger than
4 cm had decreased PDW (p=0.019) in comparison
with tumors up to 4 cm in diameter. Furthermore,
tumors larger than 5 cm had higher NC (p=0.018),
NP (p=0.001), PLT (p=0.004), PCT (p=0.029), NLR
(p=0.001), PLR (p=0.0001) and PMR (p=0.049),
and lower LC (p=0.004), LP (p=0.001) and LMR
(p=0.005) than tumors up to 5 cm in diameter. The
exact results of comparisons between subgroups
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and ROC analysis concerning tumor diameter are
shown in Table 2.

Direct extent of primary tumor (T)

Tumors infiltrating beyond submucosa (T2-T4
tumors) had increased PMR (p=0.027) when com-
pared with tumors infiltrating up to submucosa
(Tis-T1 tumors). Furthermore, tumors infiltrating
beyond muscularis propria (T3-T4 tumors) had
increased PLT (p=0.003) and PCT (p=0.027), and
decreased PDW (p=0.002) in comparison with tu-
mors infiltrating up to muscularis propria (Tis-T2
tumors). In addition, tumors penetrating to the sur-
face of the visceral peritoneum or invading other
adjacent organs or structures (T4 tumors) had high-
er WBC (p=0.006), NC (p=0.001), NP (p=0.000009),
NLR (p=0.000005), NMR (p=0.016), PLR (p=0.00004)
and LDH (p=0.006), and lower LC (p=0.001), LP
(p=0.000007) and LMR (p=0.0003) than the rest
tumors. The exact results of comparisons between
subgroups and ROC analysis regarding the di-
rect extent of primary tumor are listed in Table 2.

Disease spread to regional lymph nodes (N)

Patients with metastasis in four or more re-
gional lymph nodes (N2 disease) had higher LDH
serum levels than patients without lymph node
metastasis (NO) or with up to three infiltrated
lymph nodes (N1) (p=0.0006). The exact results of
comparisons between subgroups and ROC analysis
in regards to the disease spread to regional lymph
nodes are shown in Table 2.

Disease stage

Patients with stage II-IV disease had increased
PLT (p=0.004) and PLR (p=0.01), and reduced PDW
(p=0.004) when compared to patients with stage 0-I
disease. Moreover, patients with stage IV disease,
which corresponds to the presence of distant metas-
tases (M1), had higher WBC (p=0.03), NC (p=0.003),
NP (p=0.001), NLR (p=0.001), NMR (p=0.03) and
LDH (p=0.000006), and lower LC (p=0.047), LP
(p=0.001) and PNR (p=0.03) than patients without
distant metastases (MO, stages 0-III). The exact re-
sults of comparisons between subgroups and ROC
analysis in terms of the disease stage are listed in
Table 2.

Histological grade of the neoplasm

Patients with high-grade neoplasms had
higher PLR (p=0.017) and lower LC (p=0.046) and
LMR (p=0.013) than patients with low-grade neo-
plasms. The exact results of comparisons between
subgroups and ROC analysis concerning the histo-
logical grade of the neoplasm are shown in Table 2.
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Disease spread to regional lymph nodes (N): N2 disease

Accuracy (%)

NPV (%)

PPV (%)

AUC  Sensitivity (%) Specificity (%)

Cut-off point

p-value

NO/N1 N2

Parameter

85.2 76.6

844 485

50
40.6

0.659

>423
>4060

0.006

413.5 (183-35006)

336 (196-819)

LDH (IU/L)

80.9

84.2

61.9

92.7

LDH>460 IU/L

Histological grade of the neoplasm: High-grade neoplasm

NPV (%) Accuracy (%)

PPV (%)

AUC  Sensitivity (%) Specificity (%)

Cut-off point

p-value

Low grade High grade

Parameter

46.7

90.7

31.1

31.7

90.5

0.603
0.628
0.624

<1860
<1.91
>189

0.046

1460 (700-2500)
2.571 (1.067-7.708)
190.525 (102.727-655.714)

1560 (700-4140)
3.164 (1.143-7.375)

150 (64.493-492.391)

LC (cells/pl)

LMR
PLR

77
66.1

80.1

58.3

91.9

33.3

0.013

81.9

38.3

69.9

54.8

0.017

Lymphovascular invasion: Presence of lymphovascular invasion

NPV (%) Accuracy (%)

PPV (%)

AUC  Sensitivity (%) Specificity (%)

Cut-off point

p-value

Yes

No

Parameter

90.7 50 824 77.7

324

0.602

>75

0.026

68 +10.7

644 +9

NP (%)

For abbreviations see text

Lymphovascular invasion

Tumors with lymphovascular invasion had
higher NP than tumors without (p=0.026). The ex-
act results of comparisons between subgroups and
ROC analysis regarding lymhpovascular invasion
are listed in Table 2.

Perineural invasion

There were no significant associations con-
cerning perineural invasion.

Mucinous neoplasm

There were no significant associations re-
garding the presence or the absence of mucinous
neoplasm.

Disease-specific survival (DSS)

Shorter DSS was observed in the follow-
ing cases: WBC >7000/pul (p=0.045) (Figure 1),
NC >4300/pl (p=0.038), NP >64% (p=0.002), LC
<1300/pl (p=0.03), LP =24% (p=0.006), NLR =>4
(p=0.001) (Figure 2) and PNR =44.4 (p=0.013).
However, only WBC >7000/ul (HR: 3.05, 95% CI:
1.214-7.662, p=0.018) and NLR =4 (HR: 7.44, 95%
CI: 2.631-21.044, p=0.0002) remained independ-
ent prognostic factors for worse DSS in the mul-
tivariate survival analysis. The exact results of
survival analysis according to DSS are shown in
Table 3.

Relapse-free survival (RFS)

Shorter RFS was observed in the following cas-
es: WBC >7000/pl (p=0.049) (Figure 3), NC >4300/pl
(p=0.044), NP >64% (p=0.002) (Figure 4), LP <24%
(p=0.009) (Figure 5), PCT <0.197% (p=0.013), NLR
>2.5 (p=0.035) (Figure 6) and PNR <44.4 (p=0.043).
However, only WBC >7000/pl (HR: 2.258, 95% CI:
1.02-5.002, p=0.045), NP >64% (HR: 3.79, 95% CI:
1.536-9.355, p=0.004), LP <24% (HR: 2.87, 95% CI:
1.19-6.923, p=0.019) and NLR >2.5 (HR: 2.632, 95%
CI: 1.068-6.488, p=0.035) remained independent
prognostic factors for worse RFS in the multivari-
ate survival analysis. The exact results of survival
analysis according to RFS are listed in Table 3.

Discussion

The role of chronic inflammatory response in
carcinogenesis has been suspected since Virchow
proposed this interaction 150 years ago and it has
begun to decipher during recent years. Inflamma-
tory cells, such as neutrophils, lymphocytes, mac-
rophages, dendritic cells, are part of tumor micro-
environment. They are engaged in cross-talk with

JBUON 2018; 23 (Suppl 1): S89
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Figure 3. RFS according to WBC.
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Figure 6. RFS according to NLR.
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tumor cells, affecting tumorigenesis, tumor growth,
angiogenesis, metastatic potential and escape
from immune surveillance, and showing either
tumor-promoting or tumor-suppressive proper-
ties [15-19]. Interleukin-1a (IL-1a), interleukin-13
(IL-1p), interleukin-6 (IL-06), interleukin-10 (IL-10),
interleukin-12 (IL-12), interferon-y (IFN-y), tumor
necrosis factor-a (TNF-a), transforming growth

Table 3. Survival analysis

factor-B (TGF-B), CCL2 and CXCLS8, are some out
of the numerous cytokines that are released at the
site of the tumor and are involved in the compli-
cated cross-talk between the cells of the immune
system and the neoplastic cells [15-20]. Apart from
inflammatory cells, platelets are also involved in
complicated cross-talks within tumor microenvi-
ronment, interacting with neoplastic cells, leuko-

Disease-specific survival (DSS)

Univariate analysis

Multivariate analysis

Parameter ~ Group  Mean DSS (months) SE 95% CI p value Cut-off point ~ HR 95% CI p value

WB <7000 86.5 3.8 79.2-93.9 0.045 >7000 305 1.214-7.662 0.018

(cells/pl)  >7000 74.5 53 64.2-84.8

NC <4300 86.6 3.7 79.4-93.9 0.038 >4300 0.135

(cells/ul)  >4300 74.2 53 63.8-84.7

NP <64 90.1 3.1 84.1-96.1 0.002 >64 0.129

(%) >64 70.7 5.5 59.8-81.6

LC <1300 67.2 7.7 52-82.3 0.03 <1300 0.167

(cells/pl)  =1300 854 3.3 78.9-91.9

LP <24 72.1 54 61.6-82.6 0.006 <24 0.3

(%) >24 89.7 32 83.4-96

NLR <3.183 86 32 79.7-92.2 0.003 >3.183 2.79  1.103-7.059  0.03
>3.183 61.6 8.6 44.7-78.4

NLR <4 86.2 3.1 80.1-92.4 0.001 >4 744  2.631-21.044 0.0002

=4 58.6 9 40.9-76.3

PNR <444 65.9 85 49.2-82.7 0.013 <444 0.187
>44.4 84.9 32 78.7-91.2

Relapse-free survival (RFS)

Univariate analysis Multivariate analysis

Parameter ~ Group  Mean RFS (months) SE 95% CI p value Cut-off point ~ HR 95% CI p value

WBC <7000 82.6 44 74-91.3 0.049 >7000 2258 1.02-5.002  0.045

(cells/pl) ~ >7000 68.6 6 56.8-80.4

NC <4300 82.8 44 74.3-91.4 0.044 >4300 0.153

(cells/ul)  >4300 68.7 6 57-80.5

NP <64 87.1 3.9 79.5-94.7 0.002 =64 3.79  1.536-9.355 0.004

(%) =64 64.8 6 53-76.6

LP <24 66.6 6 54.8-78.4 0.009 <24 2.87 1.19-6.923  0.019

(%) >24 85.9 4 78.1-93.7

PCT <0.197 552 83 38.9-71.6 0.013 <0.197 0.089

(%) >0.197 81.6 3.9 73.9-89.3

NLR <2.647 87.1 3.9 79.5-94.7 0.002 >2.647 3.813 1.554-9.357 0.003
>2.647 65 6 53.2-76.7

NLR <25 85.1 45 76.2-94 0.035 >2.5 2.632 1.068-6488 0.035

>2.5 69.9 54 59.3-80.5

PNR <444 62.6 9.2 44.7-80.6 0.043 <444 0.064

>44.4 80.4 3.8 72.9-87.8

For abbreviations see text
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cytes, endothelial cells and fibroblasts. Among the
results of these interactions are the stimulation
of angiogenesis, especially through the release of
growth factors, such as vascular endothelial growth
factor (VEGF), platelet-derived growth factor
(PDGF), TGF-p and fibroblast growth factor (FGF),
the facilitation of metastatic process, the release
of cytokines that help tumor cells to sustain pro-
liferative signals and resist cell death, and the for-
mation of platelet-tumor cells aggregates, through
interactions with selectins and other cell adhesion
molecules, that help tumor cells to evade immune
surveillance and protect them from the sheer force
of the blood [21-20].

Many studies have tried to assess how the
aforementioned activation of leukocytes and
platelets is depicted in the complete blood count
of patients in a variety of malignant diseases. A
number of these studies concern colorectal cancer.
First of all, increased NC has been associated with
shorter overall survival [27]. Similarly, decreased
LC and LP have been related to worse overall sur-
vival (OS) and progression-free survival (PFS) [28-
30], larger tumors [28] and more locally advanced
tumors [29]. Furthermore, elevated platelet count
has been associated with poorer OS and disease-
free survival (DFS) [31,32]. It has also been found
that MPV is higher in patients with colorectal can-
cer than in healthy controls [33, 34] and is also
higher in patients with distant metastases than in
patients without distant metastases [35]. However,
Wriodarczyk et al. [36] reported that MPV is reduced
in patients with rectal cancer when compared with
healthy controls. In addition, various ratios, such
as NLR, LMR and PLR have been tested in patients
with colorectal cancer. Higher NLR has been as-
sociated with larger tumors [37], poorer differen-
tiation [37,38] and worse OS, DFS and PFS [4,5,37-
40]. Moreover, lower LMR has been related to the
presence of distant metastases [8] and poorer OS,
DFS and RFS [6-8,41,42], while elevated PLR has
been associated with advanced stage [43], locally
advanced tumors [44], poor differentiation [43,44]
and shorter OS, DFS and RFS [9,10,42-47]. Finally,
C-reactive protein (CRP) is a marker that has been
studied in colorectal cancer, as well as in many
other types of malignancies, as a depiction of the
inflammatory processes that take place during the
initiation and progression of tumorigenesis [48]. A
meta-analysis conducted by Zhou et al. suggested
that increased serum levels of CRP are associated
with higher risk for colorectal cancer [49]. Another
meta-analysis conducted by Pathak et al. concluded
that OS and DFS of patients with colorectal cancer
are shorter when there are high preoperative se-
rum levels of CRP [50].
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Apart from the indices of the complete blood
count test, LDH is another common blood test that
has been tested in colorectal cancer, as well as in
many other types of malignant diseases. LDH is an
enzyme that is located in the cytoplasm and cata-
lyzes the final step of anaerobic glycolysis, which
is the reversible conversion of pyruvate to lactate.
It has a wide tissue distribution, being present in
almost every type of cell in the body, and it can be
found in five isoforms, which differ according to
the type of tissue [13,51,52]. LDH is a biomarker of
cell damage and cell death, because it is released
in the bloodstream in these occasions. Thus, its
serum levels are increased in many diseases, such
as hemolytic anemia, myocardial infarction, pul-
monary embolism, rhabdomyolysis, lymphomas,
leukemia, seminomatous and non-seminomatous
germ cell tumors [13,53]. In addition to its role
to anaerobic glycolysis, on which tumors greatly
rely, it has been found that LDH promotes tumor
growth and proliferation and metastatic potential
of neoplastic cells [13,52]. As far as colorectal can-
cer is concerned, increased serum levels of LDH
were found in cases of T4, N2 and M1 tumors [54]
and were related to poorer OS [11,12,55].

According to our findings, the various indi-
ces of the preoperative blood tests may be used
as diagnostic or prognostic biomarkers. As far as
diagnosis is concerned, we examined whether they
can provide valuable information about the tumor
diameter, the stage of disease, the direct extent of
the primary tumor, the number of the infiltrated
lymph nodes, the histological grade of the neo-
plasm and the presence or the absence of distant
metastases, lymphovascular invasion, perineural
invasion or mucinous neoplasm. First of all, it was
found that the tumor diameter influenced WBC,
NC, NP, LC, LP, PLT, PDW, PCT, NLR, NMR, LMR,
PLR, PMR and LDH, providing either positive or
negative correlations between the tumor diameter
and the aforementioned parameters. When we tried
to find a threshold in tumor diameter above which
the values of these indices are altered, our analysis
provided 3 cm and 5 cm as cut-off points. Moreover,
the stage of disease had an impact on WBC, NC,
NP, LC, LP, PLT, PDW, NLR, NMR, PNR, PLR and
LDH. There was a significant difference when cas-
es with distant metastases (stage IV disease) were
compared with cases without distant metastases
(stages O-III) regarding most of these parameters,
namely WBC, NC, NP, LC, LP, NLR, NMR, PNR and
LDH. However, there was a significant difference
when stages O and I were compared with stages
IL, IIT and IV, concerning PLT, PDW and PLR. Fur-
thermore, the direct extent of the primary tumor
seemed to affect WBC, NC, NP, LC, LP, PLT, PDW,
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PCT, NLR, NMR, LMR, PLR, PMR and LDH. Most
of these parameters, namely WBC, NC, NP, LC, LP,
NLR, NMR, LMR, PLR and LDH, differed when T4
tumors were compared with the rest tumors (Tis-
T3), but PLT, PDW and PCT differed when T3-T4
tumors were compared with Tis-T2 tumors, and
PMR differed when T2-T4 tumors were compared
with Tis-T1 tumors. The degree of disease spread to
regional lymph nodes had an impact only on LDH
serum levels and the presence of lymphovascular
invasion affected only NP. Finally, the histologi-
cal grade of the neoplasm, and therefore its differ-
entiation, influenced only LC, LMR and PLR. On
the other hand, there was no valuable information
about the presence or the absence of perineural
invasion or mucinous neoplasm, whereas no sig-
nificant associations were observed between any
tested parameter and MC, MP or MPV.

The optimal cut-off points, which were found
after ROC analysis for the parameters that yielded
statistically significant results, provided mediocre
sensitivities and specificities in most cases. How-
ever, there were several cut-off points that provided
high sensitivities or specificities (=85%). In particu-
lar, the following parameters showed high sensi-
tivities in detecting the presence of these features:
PLR for T4 tumors, WBC and NC for distant metas-
tases (M1 disease) and LC for high-grade tumors.
Moreover, the following parameters showed high
specificities in excluding the presence of these fea-
tures: LP for tumors larger than 5 cm in diameter,
LP, NLR, NMR, LMR and LDH for T4 tumors, PMR
for T2-T4 tumors, LDH for more than three infil-
trated regional lymph nodes (N2 disease) or distant
metastases (M1 disease), LMR for high-grade tu-
mors and NP for lymphovascular invasion. At this
point, we should keep in mind that in regards to
the preoperative computed tomography in colon
cancer, the estimated sensitivities for T, N and M
staging are about 77-90%, 70-76% and 85%, re-
spectively, and the estimated specificities for T, N
and M staging are about 69-78%, 55-78% and 98%,
respectively [56-58]. Furthermore, in terms of the
preoperative magnetic resonance imaging in rec-
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