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Jerzy Laudański,2 Maria Siewko,3 and Maciej Szmitkowski1
1Department of Biochemical Diagnostics, Medical University, Białystok, Poland

2Department of Thoracic Surgery, Medical University, Białystok, Poland
3Department of Laboratory Diagnostics, The Sniadecki Regional Hospital, Białystok, Poland

Elevated C-reactive protein (CRP) levels
have been found in patients with sev-
eral malignancies. The aim of the present
study was to analyze the diagnostic and
prognostic values of CRP levels measure-
ment in esophageal cancer (EC) patients
in relation to its different histological sub-
types (squamous cell carcinoma—ESCC
and adenocarcinoma—AC of esophagus)
and compared them with classic tumor
markers—carcinoembryonic antigen (CEA)
and squamous cell cancer antigen (SCC-
Ag). The diagnostic sensitivity, specificity,
and the areas under receiver operating
characteristic curves (AUC) for all the pro-
teins tested were defined. Serum CRP lev-
els were statistically higher in EC, ESCC,
and AC patients compared to healthy sub-

jects and significantly increased in EC and
ESCC patients with the presence of lymph
node and distant metastases. The percent-
age of elevated CRP results in all the an-
alyzed subgroups (EC, ESCC, and AC)
was higher than CEA and SCC-Ag, sim-
ilarly as AUC for CRP in comparison to
SCC-Ag. Serum CRP level was a signifi-
cant predictor of EC and ESCC patients’
survival in univariate analysis. In conclu-
sion, these results indicate that CRP can
be used as an adjunct in evaluating the tu-
mor markers—CEA and SCC-Ag and may
improve the clinical diagnosis and follow-
up of EC patients, especially for ESCC
subgroup. J. Clin. Lab. Anal. 26:73–81,
2012. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Esophageal cancer (EC) is a highly aggressive malig-
nancy due to rapid progression, late stage of diagnosis,
and poor prognosis of patients’ survival. Therefore, the
mortality rate of EC patients is similar to the rate of the
incidence (1, 2). It has been shown that 95% of EC ac-
count for two histological subtypes of EC—squamous cell
carcinoma of esophagus (ESCC) and adenocarcinoma of
esophagus (AC) (3, 4). The pattern of EC has changed
in the Western countries, thus the incidence of AC has
been increased and became the most common subtype
of EC, especially among white patients. It may be ex-
plained by the increased prevalence of gastroesophageal
reflux disease and obesity in Western population (4–6).
On the other hand, in the China, Korea, Japan as well as

in black population of patients, the ESCC subtype is still
predominant (4–6).

The usual methods of computed tomography (CT) or
endoscopic ultrasonography have a limited usefulness
in early detection of microscopic lymph node metas-
tases. In addition, the optimal treatment strategy for ad-
vanced EC is still not well established; therefore, other

∗Correspondence to: Barbara Mroczko, Department of Biochemical
Diagnostics, Medical University, Białystok, Waszyngtona 15 a, 15-269
Białystok, Poland. E-mail: mroczko@umwb.edu.pl

Received 20 September 2011; Accepted 11 November 2011
DOI 10.1002/jcla.21486
Published online in Wiley Online Library (wileyonlinelibrary.com).

C© 2012 Wiley Periodicals, Inc.



74 Łukaszewicz-Zając et al.

diagnostic and prognostic markers are necessary (7, 8).
Various biochemical markers have been used in the di-
agnosis and follow-up of EC patients, including carci-
noembryonal antygen (CEA) and squamous cell cancer
antigen (SCC-Ag), although their sensitivity remains un-
satisfactory (8, 9). Thus, other markers of malignant pro-
cess within the esophagus are necessary to improve the
diagnosis of patients with EC.

C-reactive protein (CRP) is synthesized by hepatocytes
as a response to cytokines, mostly interleukin-6 (IL-6) re-
leased from leucocytes within tumor microenvironment
(7,10,11). Moreover, some of the cytokines might be also
produced directly by EC cells (7, 10, 11). The authors
suggested that systemic inflammation has been associ-
ated with development and progression of several tumors
(7,10–12). However, it still remains controversial whether
the elevated CRP level in patients with malignant disease
is derived from the synthesis of this protein by the hepato-
cytes as the response to inflammation or directly from the
tumor cells (13). It has been suggested that tissue stress
due to presence of tumor cells may cause an inflamma-
tory response and becomes the stimulus for CRP synthesis
(7,11). Some investigators confirmed that EC cells are able
to produce IL-6, which stimulates CRP production, what
was proved by experimental studies in EC cell lines (14). In
addition, Nozoe et al. (13) have confirmed the immuno-
histochemical expression of CRP in ESCC cells, which
significantly correlated with preoperative serum levels of
this protein in EC patients (13). Moreover, the authors
concluded that EC cells itself might produce CRP (13).
A number of studies have shown elevated concentrations
of CRP in the sera of patients with many malignances,
including colorectal (15), gastric (16), pancreatic (17),
nonsmall cell lung (18), and EC (7, 9, 13, 19, 20). In ad-
dition, the concentration of CRP has been associated
with the progression of disease and correlated with tu-
mor stage (tumor-nodulus-metastases [TNM]), the pres-
ence of lymph node (T factor), and distant metastases (M
factor) (7, 20–22). Some clinical investigations have con-
firmed that serum CRP was an independent prognostic
factor for EC patients’ survival (19–21). However, accord-
ing to our knowledge, the present data make up one of
the first studies that compares the concentrations of CRP
with classic tumor markers (CEA and SCC-Ag) in rela-
tion to most common histological subtypes of EC (ESCC
and AC). Moreover, the associations between CRP levels
and clinicopathological parameters of tumor as well as
patients’ survival in all the subgroups tested (EC, ESCC,
and AC) were indicated. In addition, the percentage of
elevated concentrations and diagnostic specificity as well
as the areas under the receiver operating characteristic
(ROC) curves (AUC) were assessed for all the analyzed
proteins in EC, ESCC, and AC patients.

MATERIALS AND METHOD

Patients and Staging

Clinical diagnosis of EC patients was confirmed by the
microscopic examination of the material obtained during
surgery and/or biopsy. Moreover, barium and chest radio-
graphy; endoscopy of the tracheobronchial tree, pharynx,
larynx, and esophagus; MRI and CT examination of the
thorax and abdomen were performed. The study included
53 patients with EC (11 women and 42 men, aged 44–81
years) diagnosed by the Oncology Group and operated
on by the Thoracic Surgery Unit of the University Hospi-
tal of Białystok. Thirty patients from EC group suffered
from ESCC (7 women and 23 men, aged 44–81 years),
while 23 patients from AC (4 women and 19 men, aged
53–80 years). Additionally, patients with other active con-
comitant malignant disease or active infection, diabetes
mellitus, and serious complications, such as the presence
of hepatic, cardiovascular, renal or pulmonary diseases as
well as patients after immunotherapy, chemotherapy, irra-
diation before surgery were excluded from the study. The
control group included 90 healthy volunteers (61 women
and 29 men, aged 21–65 years), who were recruited from
hospital volunteers organizations.

The clinical TNM stage was determined according
to the 5th International Union Against Cancer (UICC)
(23). The EC, ESCC, and AC patients were divided into
four groups: depending on tumor stage (I + II, III, and
IV), depth of tumor invasion (T1 + T2, T3, and T4), the
presence of lymph node (N0 and N1), and distant metas-
tasis (M0 and M1) as well as histological grade of tumor
(G1, G2, and G3). The study was approved by the Local
Ethics Committee (R-I-002/442/2010). All the patients
gave informed consent for the examination.

CRP, CEA, and SCC-Ag Measurement

Blood samples from patients with cancer and healthy
volunteers were drawn preoperatively and before treat-
ment (Sarstedt, Nümbrecht, Germany) and than stored
at −80◦C until analysis. Serum CRP levels were mea-
sured using immunoturbidimetric Protiline R© CRP assay
kit (bioMerieux, Lyon, France) according to the manu-
facturer’s instruction. The intraassay coefficient of varia-
tion (CV%) is referred by the manufacturer as 2.49% at
a mean concentration of 10 mg/l. The CEA levels were
determined in the sera of patients using a microparticle
enzyme immunoassay kit (MEIA) (Abbott, Chicago, IL)
and the intraassay CV% for CEA as reported by the man-
ufacturer of the assay kit is 4.9% at a mean concentra-
tion of 2.2 ng/ml, SD of 0.11 ng/ml. The serum SCC-Ag
levels were assessed by chemiluminescent assays (CMIA)
(Abbott, Tokyo, Japan). The intraassay CV% is referred
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to by the manufacturer of the assay kit as 4.3 % at SCC-Ag
mean concentration of 1.97 ng/ml, SD = 0.085.

The reference cut-off value for CRP (5.75 mg/l) cor-
responds to the highest accuracy (minimal false-negative
and false-positive results), whereas the cut-off values for
CEA (4.0 ng/ml) and SCC-Ag (2.0 ng/ml) (the 95th per-
centile) were established previously in our department
(15).

Statistical Analysis

Statistical analysis was performed using the STATIS-
TICA 5.1 PL program (StatSoft Inc., Tulsa, OK). Med-
Calc statistical software (Mariakerke, Belgium) and Mi-
crosoft Office Excel were employed for the assessment
of diagnostic criteria, such as diagnostic sensitivity and
specificity as well as areas under the ROC curves (AUC).
Data were presented as the median and range.

Nonparametric statistical analysis were used, because
the CRP, CEA, and SCC-Ag levels did not follow a nor-
mal distribution in chi-squared test. The Mann–Whitney
U-test was employed to compared data between two
groups, whereas for three groups or more, the one-way
ANOVA Kruskal–Wallis test was used. The post hoc
Dwass-Steele-Critchlow-Fligner test was conducted to de-
termine which groups were different, if significant differ-
ences were found. The probability curves for survival were
calculated according to the Kaplan and Meier method.
The statistical differences between groups with the log-
rank test for univariate analyses of survival were estab-
lished. The Cox regression model was used for the multi-
variate survival analysis. The differences were considered
statically significant when P < 0.05.

RESULTS

Association Between the Serum CRP
Concentrations and Clinicopathological
Parameters of EC in Relation to its Histological
Subtypes (ESCC and AC)

The medians and ranges of serum CRP and classic
tumor markers (CEA and SCC-Ag) levels in patients
with EC and its histological subtypes (ESCC and AC)
as well as in healthy subjects (control group) are shown in
Tables 1–3. The concentrations of CRP and both clas-
sic tumor markers were statistically higher in the sera of
EC and ESCC patients in comparison to healthy subjects
(Tables 1 and 2). Similar findings were indicated for CRP
and CEA in AC subgroup, while the differences between
SCC-Ag levels and control group were not statistically
significant (Table 3).

Serum CRP levels showed a tendency to increase in
more advanced tumor stage in all the subgroups analyzed

(EC, ESCC, and AC); however, the differences between II
and IV stage of tumor were significant only for ESCC sub-
group (Tables 1–3). The concentrations of classic tumor
markers were also higher in patients in more advanced
stage than in early stage of disease in EC and ESCC sub-
groups and the differences were significant for CEA in EC
and ESCC patients and for SCC-Ag in ESCC subgroup.
Similar findings were observed in post hoc Dwass-Steel-
Critchlow-Fligner test (Tables 1 and 2).

The concentrations of CRP, CEA, and SCC-Ag var-
ied according to depth of tumor invasion (T factor) and
were higher in T4 subgroup than in T1 + T2 subjects
in EC and ESCC patients (Tables 1–3). Moreover, in EC
and ESCC patients, the concentrations of all the analyzed
markers were higher in the sera of patients with the pres-
ence of lymph node metastases (N1 subgroup) compared
to patients without nodal involvement (N0 subgroup).
Statistically significant correlations between N1 and N0
patients were found for CRP and CEA levels in EC and
ESCC subgroups as well as for SCC-Ag in ESCC patients
in Mann–Whitney test (Tables 1–3). If we consider the
presence of distant metastases (M factor), the serum lev-
els of CRP were higher in EC, ESCC, and AC patients
with the presence of distant metastases (M1) compared
to patients without distant metastases (M0); however, the
differences were significant for EC and ESCC subgroups.
The concentrations of classic tumor markers (CEA and
SCC-Ag) in EC and ESCC subgroups were also higher
in M1 than M0 subjects, but only serum SCC-Ag lev-
els in ESCC patients revealed significant correlation in
Mann–Whitney test (Tables 1 and 2). The concentrations
of all the markers tested varied according to histological
grade of tumor. Serum levels of CRP were increased in
the patients with poorly differentiated EC, ESCC, and
AC (G3) in comparison with well-differentiated tumors
(G1); however, all these differences were not statistically
significant (Tables 1–3). In EC and ESCC patients, the
highest levels of classic tumor markers were indicated in
moderately differentiated tumors (G2), but CEA concen-
trations in ESCC subgroup were similar in G2 and G3
patients. Moreover, the CRP levels were higher in the sera
of patients who died of EC and ESCC during observation
period, likewise the levels of SCC-Ag in EC and ESCC
patients, although these differences were significant only
for CRP (Tables 1–3).

Diagnostic Criteria for Serum CRP, CEA, and
SCC-Ag Levels

The percentage of increased results (diagnostic sensi-
tivity) of CRP and classic tumor markers in all the an-
alyzed subgroups (EC, ESCC, and AC) is presented in
Table 4. The diagnostic sensitivity of CRP levels in EC
(64%) patients as well as in ESCC (73%) and AC (52%)
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TABLE 1. The Concentrations of C-Reactive Protein (CRP) and Classic Tumor Markers (Carcinoembryonic Antigen—CEA and
Squamous Cell Cancer Antigen—SCC-Ag) in the Sera of Esophageal Cancer Patients (EC)

CRP (mg/l) CEA (ng/ml) SCC-Ag (ng/ml)

Median Range P-value Median Range P-value Median Range P

Group tested Esophageal cancer
(n = 53)

10.7A 5.0–149.5 <0.001* 2.5A 0.4–40.4 <0.001* 1.3A 0.4–34.5 0.015*

Control group
(n = 90)

5.0 0.1–13.9 0.8 0.1–11.4 1.0 0.6–4.0

Type of cancer Adenocarcinoma
(n = 23)

6.2A 5.0–45.5 0.112 2.5A 0.4–40.4 0.865 0.9 0.4–4.5 <0.001*

Planoepitheliale
(n = 30)

14.7A 5.0–149.5 2.4A 0.4–8.5 1.5A 0.6–34.5

TNM stage I + IIa + IIb
(n = 13)

5.0A 5.0–64.9 0.064 1.8**A 0.4–3.3 0.026* 1.0 0.8–4.3 0.264

III (n = 30) 10.1A 5.0–134.8 2.9A 0.4–40.4 1.3 0.4–8.2
IV (n = 10) 32.1A 5.0–149.5 2.8A 0.4–7.8 5.3A 0.5–34.5

Depth of tumor invasion (T factor) T1 + T2 (n = 9) 5.0A 5.0–45.5 0.295 1.8 0.4–5.0 0.163 1.0 0.9–24.4 0.998
T3 (n = 27) 9.4A 5.0–79.9 2.5A 0.8–40.4 1.2 0.4–34.5
T4 (n = 17) 20.9A 5.0–149.5 3.1A 0.4–23.8 1.5 0.5–19.6

Nodal involvement (N factor) N0 (n = 13) 5.0A 5.0–64.9 0.043* 1.9A 0.4–3.3 0.017* 1.0 0.8–4.3 0.702
N1 (n = 40) 14.3A 5.0–149.5 2.9A 0.4–40.4 1.3A 0.4–34.5

Distant metastases (M factor) M0 (n = 43) 6.6A 5.0–134.8 0.039* 2.5A 0.4–40.4 0.918 1.2 0.4–8.2 0.111
M1 (n = 10) 32.1A 5.0–149.5 2.8A 0.4–7.8 5.3A 0.5–34.5

Differentiation of tumor G1 (n = 10) 7.7A 5.0–79.9 0.477 2.1A 0.5–7.8 0.523 1.2 0.9–4.5 0.507
G2 (n = 25) 6.6A 5.0–149.5 2.6A 0.5–40.4 1.4 0.4–19.6
G3 (n = 16) 22.1A 5.0–75.5 2.4A 0.4–23.8 1.1 0.5–34.5

Survival of patients Alive (n = 27) 5.0A 5.0–79.9 0.009* 2.5A 0.4–40.4 0.728 1.2 0.4–4.3 0.127
Died of cancer

(n = 26)
21.1A 5.0–149.5 2.2A 0.4–23.8 1.5A 0.5–34.5

*Statistically significant when P < 0.05.
**Statistically significant in post hoc Dwass-Steel-Critchlow-Fligner test in comparison with stage III (P = 0.019).
AStatistically significant in comparison with control group.

subgroups was notably higher in comparison to CEA (30,
23, and 39%, respectively) as well as SCC-Ag (24, 33, and
13%, respectively) (Table 4). The combined use of CRP
with classic tumor markers improved the percentage of
elevated concentrations in the analyzed subgroups (EC,
ESCC, and AC) and were found to be higher compared
to CEA and SCC-Ag in combination (47, 43, and 52%, re-
spectively). In addition, the diagnostic specificity of CRP
levels was the same as for SCC-Ag (EC—96%, ESCC and
AC—97%) and slightly lower than those of CEA (EC—
97%, ESCC and AC—both 98%).

The ROC curves were used to assess the association
between diagnostic sensitivity and specificity of all the
analyzed markers. The area under ROC curve (AUC)
for CRP (EC—0.8243, ESCC—0.8670, and AC—0.7686)
was slightly lower than for CEA (EC—0.8366, ESCC—
0.8689, and AC—0.7944), but notably higher than AUC
for SCC-Ag (EC—0.6212, ESCC—0.7674, and AC—
0.5696) (Figs 1–3). The comparison of AUC between all
the markers tested indicated the statistically significant
correlations (P < 0.05) between CRP and SCC-Ag as
well as CEA and SCC-Ag in EC and AC patients.

Clinical Prognostic Factors of EC, ESCC,
and AC Patients’ Survival

In the order to assess whether elevated CRP levels may
predict the prognosis of EC, ESCC, and AC patients’ sur-
vival, the Kaplan–Meier analysis and log-rank test were
calculated. Variables that were significant predictors of
overall EC patients survival using the univariate log-rank
analysis included tumor stage (TNM) (P < 0.001), depth
of tumor invasion (T factor) (P < 0.001), the presence of
distant metastases (M factor) (P < 0.001) as well as the
serum concentrations of CRP (P = 0.009) and SCC-Ag
(P = 0.003). Similar findings were showed in ESCC sub-
group, where tumor stage (P = 0.04), T (P = 0.014), and
M (P = 0.002) factors, serum CRP (P = 0.048), CEA (P =
0.030), and SCC-Ag (P = 0.014) were proved to be the sig-
nificant indicators affecting overall survival. In addition,
in AC patients the tumor stage (P = 0.04), depth of tumor
invasion (P = 0.041), and the presence of distant metas-
tases (P = 0.001) were significant predictors of patients’
survival. Moreover, multivariate regression analysis indi-
cated that the tumor stage (P = 0.017) and the presence
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TABLE 2. The Concentrations of C-Reactive Protein (CRP) and Classic Tumor Markers (Carcinoembryonic Antigen—CEA and
Squamous Cell Cancer Antigen—SCC-Ag) in the Sera of Patients with Squamous Cell Carcinoma of Esophagus (ESCC)

Variable tested CRP (mg/l) CEA (ng/ml) SCC-Ag (ng/ml)

Median Range P-value Median Range P-value Median Range P

Group tested ESCC (n = 30) 14.7A 5.0–149.5 <0.001* 2.4A 0.4–8.5 <0.001* 1.5A 0.6–34.5 <0.001*

Control group
(n = 90)

5.0 0.1–13.9 0.8 0.1–11.4 1.0 0.6–4.0

TNM stage I + IIa + IIb
(n = 10)

5.6** A 5.0–64.9 0.014* 1.7** A 0.4–3.3 0.011* 1.3**,*** 0.8–4.3 0.006*

III (n = 14) 20.5A 5.0–134.8 2.9A 1.5–8.5 1.5** A 0.6–8.2
IV (n = 6) 42.2A 21.2–149.5 4.2A 1.7–7.3 15.3A 1.5–34.5

Depth of tumor invasion (T factor) T1 + T2 (n = 6) 5.6A 5.0–37.2 0.226 1.6 0.4–5.0 0.214 1.4 0.9–24.4 0.726
T3 (n = 12) 30.7A 5.0–79.9 2.4A 0.9–7.2 1.4A 0.8–34.5
T4 (n = 12) 17.1A 5.0–149.5 2.9A 1.5–8.5 1.6A 0.6–19.6

Nodal involvement (N factor) N0 (n = 10) 5.0A 5.0–64.9 0.006* 1.9A 0.4–3.3 0.009* 1.2 0.8–4.3 0.050*

N1 (n = 20) 29.0A 5.0–149.5 3.1A 1.4–8.5 1.7A 0.6–34.5
Distant metastases (M factor) M0 (n = 24) 7.7A 5.0–134.8 0.014* 2.3A 0.4–8.5 0.087 1.5A 0.6–8.2 0.001*

M1 (n = 6) 42.2A 21.2–149.5 4.2A 1.7–7.3 15.3A 1.5–34.5
Differentiation of tumor G1 (n = 6) 8.4A 5.0–79.9 0.858 2.1A 0.5–3.1 0.418 1.2 0.9–2.5 0.234

G2 (n = 13) 13.0A 5.0–149.5 2.5A 0.9–8.5 1.9A 1.0–19.6
G3 (n = 9) 21.2A 5.0–75.5 2.5A 0.4–7.3 1.5A 0.6–34.5

Survival of patients Alive (n = 12) 5.4A 5.0–79.9 0.040* 2.4A 0.4–8.5 0.595 1.3A 0.8–4.3 0.075
Died of cancer

(n = 18)
24.1A 5.0–149.5 2.4A 1.4–7.3 1.8A 0.6–34.5

*Statistically significant when P < 0.05.
**Statistically significant in comparison with stage IV post hoc Dwass-Steel-Critchlow-Fligner test.
***Statistically significant in comparison with stage III post hoc Dwass-Steel-Critchlow-Fligner test.
AStatistically significant in comparison with control group.

of distant metastasis (P = 0.033) were independent prog-
nostic factors of EC patients’ survival, whereas in ESCC
subgroup the independent prognostic values were found
for the presence of distant metastasis (P = 0.022) and
serum SCC-Ag (P = 0.037) levels.

DISCUSSION

EC remains widespread malignancy (3–6). CEA and
SCC-Ag have been the most studied in the diagnosis of
EC patients; however, their sensitivity has not proven sat-
isfactory (9). To our knowledge, present data are the first
report that assessed CRP levels in the sera of EC patients
as well as in patients with different histological subtypes
of EC (ESCC and AC) and compared them to classic
tumor markers (CEA and SCC-Ag).

In the present study, the levels of CRP and both classic
tumor markers were statistically higher in the sera of EC
and ESCC patients compared to healthy subjects, likewise
CRP and CEA in AC subgroup. Similar tendency was ob-
served previously in patients with colorectal (15), gastric
(16), and pancreatic cancer (17), where the concentra-
tions of this protein in cancer patients were significantly
higher in comparison to healthily subjects. Several au-
thors have indicated elevated CRP levels in the majority
of EC patients (7, 13, 21, 24). In addition, Guillem and

Triboulet (9) have proved that mean CRP levels in EC pa-
tients was higher than in patient with benign esophageal
diseases. The mechanism of CRP synthesis in tumor cells
has not been yet elucidated, although some results have
concluded, that ESCC cells might produce CRP itself (13).
Additionally, in the current study, serum CRP levels in-
creased in more advanced stage of disease in all the an-
alyzed subgroups (EC, ESCC, AC); however, the differ-
ences between tumor stages were significant only for CRP
in ESCC patients. Our present results were in the line
with the other studies, in which the patients with more ad-
vanced stage of EC (7,20) and ESCC (22) had higher CRP
levels than those with early stages of disease and the differ-
ences between stages were statistically significant. These
findings are also in agreement with the studies performed
on gastric cancer patients (16), where CRP levels signif-
icantly correlated with TNM stage. The opposite results
were indicated by other authors, who failed to establish
any significant differences between CRP levels and tumor
stage of EC (19, 24).

Currently, we indicated that preoperative serum levels
of all the proteins tested in EC, ESCC, and AC subgroups
were higher in T4 subjects in comparison to T1 + T2
patients. Similar results were demonstrated by other au-
thors, who revealed that CRP concentrations correlated
with depth of tumor invasion; however, in their studies,
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TABLE 3. The Concentrations of C-Reactive Protein (CRP) and Classic Tumor Markers (Carcinoembryonic Antigen—CEA and
Squamous Cell Cancer Antigen—SCC-Ag) in the Sera of Patients with Adenocarcinoma of Esophagus (AC)

Variable tested CRP (mg/l) CEA (ng/ml) SCC-Ag (ng/ml)

Median Range P-value Median Range P Median Range P-value

Group tested AC (n = 23) 6.2A 5.0–45.5 <0.001* 2.5A 0.4–40.4 <0.001* 0.9 0.4–4.5 0.301
Control group

(n = 90)
5.0 0.1–13.9 0.8 0.1–11.4 1.0 0.6–4.0

TNM stage I + IIa + IIb
(n = 3)

5.0 5.0–45.5 0.995 1.9 0.5–2.6 0.257 1.0 0.9–1.4 0.600

III (n = 16) 7.8A 5.0–41.8 4.0A 0.4–40.4 0.9 0.4–4.5
IV (n = 4) 10.3 5.0–40.5 1.2 0.4–7.8 0.9 0.5–1.0

Depth of tumor invasion (T factor) T1 + T2 (n = 3) 5.0 5.0–45.5 0.357 1.9 0.5–2.6 0.676 1.0 0.9–1.4 0.038*

T3 (n = 15) 5.0A 5.0–45.5 2.5A 0.8–40.4 0.9 0.4–4.5
T4 (n = 15) 20.9 5.0–41.8 7.5 0.4–23.8 0.7** 0.5–0.9

Nodal involvement (N factor) N0 (n = 3) 5.0 5.0–45.5 0.923 1.9 0.5–2.6 0.411 1.0 0.9–1.4 0.463
N1 (n = 20) 7.8A 5.0–41.8 2.6A 0.4–40.4 0.9 0.4–4.5

Distant metastases (M factor) M0 (n = 19) 6.2A 5.0–45.5 0.966 2.6A 0.4–40.4 0.208 0.9 0.4–4.5 0.415
M1 (n = 4) 10.3 5.0–40.5 1.2 0.4–7.8 0.9 0.5–1.0

Differentiation of tumor G1 (n = 4) 7.2 5.0–15.5 0.222 2.2A 0.9–7.8 0.781 1.2 1.0–4.5 0.090
G2 (n = 12) 5.0A 5.0–45.5 2.7A 0.5–40.4 0.9 0.4–2.2
G3 (n = 7) 23.0A 5.0–41.8 1.6 0.4–23.8 0.7A 0.5–1.4

Survival of patients Alive (n = 15) 5.0A 5.0–41.8 0.259 2.6A 0.4–40.4 0.301 1.0 0.4–2.2 0.364
Died of cancer

(n = 8)
18.2A 5.0–45.5 1.2 0.4–23.8 0.9 0.5–4.5

*Statistically significant when P < 0.05.
**Statistically significant in comparison with stage III post hoc Dwass-Steel-Critchlow-Fligner test, P = 0.047.
AStatistically significant in comparison with control group.

TABLE 4. The Percentage of Elevated Concentrations (Diagnos-
tic Sensitivity) of C-Reactive Protein (CRP) and Classic Tumor
Markers (Carcinoembryonic Antigen—CEA and Squamous Cell
Cancer Antigen—SCC-Ag) in Patients with Esophageal Cancer
(EC), Squamous Cell Carcinoma (ESCC), and Adenocarcinoma
of Esophagus (AC)

EC ESCC AC

CRP 64 73 52
CEA 30 23 39
SCC-Ag 24 33 13
CRP + CEA 70 77 57
CRP + SCC-Ag 73 77 65
CEA + SCC-Ag 47 43 52

the differences were statistically significant (20–22). Cur-
rently, serum concentrations of CRP were significantly
higher in EC and ESCC patients with the presence of
lymph node and distant metastases when compared to
patients without nodal involvement and distant metas-
tasis. Our findings are in line with other studies, where
the patients with the presence of lymph node and distant
metastases had significantly higher CRP concentrations
in comparison to N0 and M0 subjects; however, these
data were performed only on EC subgroup (7). Similar
observations were found in the sera of gastric, colorectal,
and pancreatic cancer patients, where the CRP levels were

also significantly higher in the patients with the presence
of lymph node (16,17) and distant metastases (15,16) than
in N0 and M0 subgroups. On the other hand, Guillem and
Triboulet (9) as well as Fujiwara et al. (24) failed to es-
tablish any correlation between CRP concentrations in
EC patients and T, N, and M factors. It has been shown
that CRP levels increased with tumor progression, which
may be caused by inflammatory cytokines produced by
the cancer cells in patients with advanced disease (22) as
well as by CRP synthesis by EC cells (13). Based upon
our present data and findings of other investigators, we
suggested that advanced stage of cancer as well as tu-
mor volume might contribute to CRP levels. In the cur-
rent study, we revealed that the concentrations of CRP
in EC and ESCC subgroups were significantly higher in
the sera of patients who died because of cancer com-
pared to patients who survived. Similar observations were
found in our previous findings concerning gastric (16)
and pancreatic cancer (17) patients; however, serum lev-
els of CRP were not significantly correlated with patients’
survival.

In the present study, the percentage of elevated concen-
trations of CRP levels in all the analyzed subgroups was
higher in comparison to both classic tumor markers and
combined use of CRP with CEA or SCC-Ag were found
to be higher when compared to those of CEA with SCC-
Ag. Thus, in order to diagnostic sensitivity, the combined
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Fig. 1. The areas under ROC curves (AUC) for C-reactive protein (CRP = 0.8243, P < 0.001), carcinoembryonic antigen (CEA = 0.8366, P <

0.001), and squamous cell cancer antigen (SCC-Ag = 0.6212, P = 0.0205) in patients with esophageal cancer (EC).

Fig. 2. The areas under ROC curves (AUC) for C-reactive protein (CRP = 0.8670, P < 0.001), carcinoembryonic antigen (CEA = 0.8689, P <

0.001), and squamous cell cancer antigen (SCC-Ag = 0.7674, P < 0.001) in patients with squamous cell carcinoma of esophagus (ESCC).

analysis of CRP with SCC-Ag or CEA may be more useful
in the diagnosis of EC, ESCC, and AC patients than com-
bination of classic tumor markers. Present results are in
the line with our previous data concerning gastric cancer
(16) patients, where the frequency of increased CRP con-
centrations was also notably higher than CEA and similar
to our previous studies, where we indicated the diagnos-
tic sensitivity of other EC biomarkers, including matrix
metalloproteinase 9 as well as macrophage colony stimu-

lating factor, which were assessed in the sera of EC and
ESCC patients (25–27). Moreover, in our current study,
the diagnostic specificity of CRP levels was the same as
for SCC-Ag and slightly lower than those of CEA. Sim-
ilar observations were found in the sera of gastric can-
cer patients, where diagnostic specificity of CRP was also
slightly lower in comparison to CEA (16). Currently, the
area under ROC curve (AUC) for CRP was slightly lower
than for CEA, but notably higher than for SCC-Ag in all
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Fig. 3. The areas under ROC curves (AUC) for C-reactive protein (CRP = 0.7686, P < 0.001), carcinoembryonic antigen (CEA = 0.7944, P <

0.001), and squamous cell cancer antigen (SCC-Ag = 0.5696, P = 0.3522) in patients with adenocarcinoma of esophagus (AC).

the analyzed subgroups. Opposite results were indicated
in our previous data concerning serum CRP in gastric (16)
and colorectal (15) cancer patients, where AUC for CRP
was higher than those of CEA.

In our present study, the univariate log-rank analysis
showed that the serum CRP was the significant factor
affecting overall survival of EC as well as ESCC pa-
tients. Similar findings were shown in our previous data,
although CRP levels were found to be the independent
significant prognostic factor affecting survival of colorec-
tal cancer patients (15). Opposite results were observed
in our study performed on pancreatic and gastric cancer
patients, where we failed to established the significance
of CRP concentration as an indicator affecting overall
patients’ survival (16, 17). In addition, several authors
have proved the significance of CRP as an independent
prognostic factor, which has an influence on long-term
prognosis for EC patients (19–21).

In summary, in the present study, the EC patients were
divided into two groups, depending on most common
histological subtypes of EC (ESCC and AC). Moreover,
in all those subgroups (EC, ESCC, and AC), the CRP
concentrations in relation to clinicopathologiacal param-
eters of tumor were assesses and compared with the lev-
els of classic tumor markers (CEA and SCC-Ag). The
CRP levels were statistically higher in the sera of EC,
ESCC, and AC patients than healthy subjects. Moreover,
the significant correlation between CRP levels and TNM
stage in ESCC subgroup was demonstrated. Serum con-
centrations of CRP were significantly higher in EC and
ESCC patients with the presence of lymph node and dis-

tant metastases when compared to patients without nodal
involvement and distant metastasis. Additionally, the per-
centage of elevated results of CRP levels in all the analyzed
subgroups was higher in comparison to both classic tumor
markers. The highest diagnostic sensitivity was observed
for combined use of CRP with classic tumor markers in
ESCC patients, which was higher than diagnostic sensi-
tivity of CEA and SCC-Ag in combination. The AUC for
CRP was notably higher than for SCC-Ag in EC, ESCC,
and AC subgroups. Serum CRP level was a significant
predictor of EC and ESCC patients’ survival in univariate
analysis, but not independent in multivariate analysis. Our
findings confirmed that CRP may be used as an adjunct
in evaluating the tumor markers—CEA and SCC-Ag in
the diagnosis of EC patients, especially for ESCC sub-
group. Since CRP is a sensitive, but nonspecific marker of
inflammation, it might be helpful in the evaluation of EC.
Our study suggesting that easy, cheap, and quick to per-
form method of serum CRP measurement may improve
the clinical diagnosis and follow-up of EC, especially for
ESCC patients.
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