
analysis with backward variables selection identified 
preoperative CRP as an independent prognostic factor 
of the long-term prognosis in patients with oesophageal 
carcinoma, with a hazard ratio of 1.182 (95% confidence 
interval: 1.030-1.356).

CONCLUSION: The preoperative serum CRP-level 
is an easi ly determined independent prognost ic 
marker in patients with squamous cell carcinoma and 
adenocarcinoma of the oesophagus. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
C-reactive protein (CRP) is an acute-phase reactant and a 
known indicator of  the malignant potential of  tumours. 
The synthesis is regulated by proinflammatory cytokines, 
which serve as growth factors in neoplastic processes[1]. 
These include in particular IL (interleukin)-1, IL-6, TNF 
(tumour necrosis factor)-α, IF (interferon)-γ, TGF (tumour 
growth factor)-β, EGF (epidermal growth factor) and 
LIF (leukaemia inhibiting factor). CRP is produced in the 
liver and electrophoresis shows a location of  the protein 
between the beta- and gamma-globulin fractions.

The preoperative serum elevation of  CRP has been 
identified as a significant prognostic factor in patients with 
colorectal cancer[2]. However, raised CRP concentrations 
as an indicator of  a poorer prognosis in patients with 
oesophageal cancer have been demonstrated solely for 
squamous cell carcinoma[3,4]. The aim of  this prospective 
study was to investigate the significance of  C-reactive 
protein for the perioperative course and long-term 
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Abstract
AIM: C-reactive protein (CRP) is an acute-phase reactant 
and a known indicator of the malignant potential of the 
tumour. The aim of this study was to investigate the 
significance of preoperative CRP as a parameter of the 
perioperative course and long-term prognosis in patients 
with squamous cell carcinoma and adenocarcinoma of 
the oesophagus.

METHODS: Serum CRP was determined preoperatively 
in 291 of 371 patients undergoing oesophagectomy for 
cancer from December 1989 to March 2004. Median 
patient age was 59 (28-79) year, 82.5% of patients were 
males. Squamous cell carcinoma was diagnosed in 151 
(51.9%) and adenocarcinoma in 122 patients. Transhiatal 
oesophagectomy was done in 151 (51.9%) patients and 
134 (46.0%) patients underwent the abdominothoracic 
procedure. 

RESULTS: In 127 (43.6%) patients the preoperative 
serum CRP concentration was within the normal range 
(< 5 mg/dL), elevated CRP levels were measured in 
164 (56.4%) patients. Tumour extension (P  < 0.0005) 
and the number of lymph nodes affected by metastatic 
spread (P  = 0.015) were significantly increased in the 
group with elevated CRP levels. Among the perioperative 
parameters both the number of blood transfusions (P  
= 0.006) and the general complication rate (P  = 0.002) 
were higher in patients with elevated preoperative CRP 
levels. The long-term survival rate of 13.6 (0-109.8) 
mo was poorer in the group with elevated CRP levels 
compared to 18.9 (0-155.4) mo in the group with normal 
CRP levels (log-rank test: P  = 0.107). Multivariate 
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prognosis in a patient population with histologic entities 
of  both adenocarcinoma and squamous cell carcinoma of  
the oesophagus. 

MATERIALS AND METHODS
C-reactive protein was determined preoperatively in 291 of  
371 patients undergoing oesophagectomy for carcinoma 
from December 1989 to March 2004. Median patient 
age was 59 (range from 28 to 79) year; 240 (82.5%) of  
the patients were males. Squamous cell carcinoma was 
diagnosed in 145 and adenocarcinoma in 122 patients. An 
undifferentiated carcinoma was found in 18 patients and 4 
patients had other malignant tumours of  the oesophagus. 
Patients receiving neoadjuvant chemoradiotherapy were 
excluded from the study. 

Transhiatal oesophagectomy was carried out in 151 
(51.9%) patients and 134 (46.0%) patients underwent 
abdominothoracic oesophagectomy with two-field 
lymphadenectomy (abdomina l and medias t ina l ) . 
Reconstruction was accomplished by pulled-up gastric 
tube in 264 of  285 patients (93.0%), by colon interposition 
in 12 (4.2%), and by small intestine interposition in 7 (2.5%) 
patients. The anatomic prevertebral oesophageal bed was 
used for the majority of  these procedures. The remaining 
two patients did not undergo a primary reconstructive 
procedure. 

Abdominothoracic oesophagectomy was routinely 
performed for squamous cell carcinoma. A transhiatal 
procedure was selected only for tumours with a distal 
location and malignancies without oesophageal wall 
penetration, or in the presence of  a high general risk. 
Transhiatal oesophagectomy with abdominal and 
posterior mediastinal lymphadenectomy was carried out in 
adenocarcinomas, the two-field procedure was done in the 
presence of  advanced tumour growth or extended lymph 
node involvement.

Data were collected prospectively in a specially 
established database and analysed retrospectively. In 
addition to routine demographic data, preoperative and 
intraoperative variables, tumour characteristics, as well as 
postoperative morbidity and mortality were documented. 
Long-term survival data were finally recorded in April 2004 
and collected by telephone interview with the patients or 
their primary physicians.

CRP measurement
Serum CRP was determined by latex-enhanced homoge-
neous immunoassay[5] (wide-range) (Hitachi 917; Skill, 
Munich, Germany). In this assay, serum levels < 5 mg/dL 
are considered as normal values, those of  ≥ 5 mL/dL are 
considered as indicators of  existing pathology. 
 
Statistical analysis
The SSPS 12.0 software package (SSPS, Chicago, IL, USA: 
1999) and SAS 8.01 were used for statistical analysis. The 
patients were divided into two groups according to the 
C-reactive protein concentration measured preoperatively: 
those with CRP values in the normal range (< 5 mg/
dL) and those with elevated CRP levels (≥ 5.0 mg/dL). 
Median values with ranges (minimum-maximum) as well as 
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absolute (relative) frequencies are shown for both groups. 
The χ2-test with Pearson correction (χ2) and Fisher’s exact 
test (F) were used for the comparison of  the categorical 
prognostic factors between the two groups. The t-test (t) 
was used for the comparison of  continuous prognostic 
factors with symmetrical empirical distribution of  the data. 
The Mann-Whitney U-test (U) served for the comparison 
of  the other prognostic factors. The log-rank test (LR) 
was used for the comparison of  survival times in the two 
groups. Morbidity, mortality, and long-term survival were 
assessed by multivariate analysis using Cox’s proportional 
hazards regression model (HR). The logarithm was found 
for CRP, which served as a continuous variable. Backward 
variables selection was carried out with the Wald test (W) 
to the level of  α = 0.05.

Since no adjustment was made for the problem of  
multiple testing, all P values are descriptive.

RESULTS 

Preoperative CRP concentrations in the normal range (< 
5 mg/dL) were found in 127 (43.6%) patients, elevated 
CRP levels were found in 164 (56.4%) patients. There were 
no significant differences between the two groups in age, 
gender, and ASA-classification (P > 0.05). No differences 
were observed for tumour type and location, although 
tumour extension (in cm) (measured from surgical 
specimen fixed in formalin) (P < 0.0005), the number of  
dissected (P = 0.015) and positive lymph nodes (P = 0.015) 
were significantly higher in the group with elevated CRP 
levels. The distribution of  pT-, pN-, and pM-categories 
was similar in both groups (P > 0.05) (Table 1).

Table 1  Tumour characteristics 

Parameter CRP < 5.0 mg/dL CRP ≥ 5.0 mg/dL P -value
(n  = 127) (n  = 164)

Histologic type (n = 289)
-squamous cell  carcinoma    56 (44%)   89 (55%)
-adenocarcinoma    62 (49%)   60 (37%) 0.150
-undifferentiated    6 (5%) 12 (7%)
-other    3 (2%)   1 (1%)

Location (n = 288)
-upper third    9 (7%) 15 (9%)
-middle third    42 (33%)   49 (30%) 0.748
-lower third    76 (60%)   97 (60%)
Tumour size (cm) (n = 281)         3 (0.5-12)     4.7 (0.7-20)   0.0001

Lymph nodes (n = 285)
-dissected 23.5 (0-71)   27 (2-86) 0.015
-positive      1 (0-24)     2 (0-41) 0.015

pT-category (n = 287)
-pT1    25 (20%)   19 (12%)
-pT2    34 (27%)   31 (19%) 0.055
-pT3    61 (49%)   98 (60%)
-pT4    5 (4%) 14 (9%)
pN-category (n = 286)
-pN0    54 (43%)   52 (32%)
-pN1    69 (56%) 107 (66%) 0.062
-pN2    1 (1%)   3 (2%)
pM-category (n = 283)
-pM0    96 (78%) 116 (73%) 0.177
-pM1    27 (22%)   44 (28%)
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Perioperative course
Of  the perioperative parameters, both the volume of  
blood transfusions (P = 0.006) and the number of  internal 
medical complications (P = 0.002) were higher in patients 
with preoperative elevated CRP levels than in those 
with normal serum concentrations. No differences were 
found between the two patient groups in the length of  
the postoperative intensive care unit stay, the prevalence 
of  surgical complications, or the morbidity and mortality 
rates (Table 2). Separate consideration of  the two 
tumour entities showed that the squamous cell carcinoma 
was associated with a higher number of  internal (P = 
0.010) and surgical complications (P = 0.083) without a 
difference in the 30 d and hospital mortality rate, than 
adenocarcinoma where no significant differences were 
identified (P > 0.05). The comparison of  the two groups 
showed that the preoperative CRP had no significant 
influence on the morbidity rate. 

Long-term prognosis
A median survival of  13.6 (0-109.8) mo in patients with 
preoperative elevated CRP levels was markedly poorer 
compared to 18.9 (0-155.4) in those with normal CRP 
levels (P = 0.107). Estimated long-term survival rates 
calculated by the Kaplan-Meier method for both patient 
groups are shown in Figure 1.

For multivariate analysis, a model for the prediction of  
survival time was established by carrying out a backward 
variables selection, comprising patient age, gender, BMI 
(body mass index), ASA classification, computed CRP 
logarithms, tumour type and location, R-classification, 
pT-, pN- and pM-category, as well as tumour size. The 
data analysis was only done on those 253 patients in 
whom all data were available. The analysis identified that 
the preoperative CRP with a hazard ratio of  1.182 (95% 
confidence interval: 1.030-1.356) was as an independent 
factor, which has an influence on the long-term prognosis 
in patients with oesophageal carcinoma (P = 0.0172).  

Additional relevant prognostic factors included the 
pT-category (P < 0.0001), R-classification (P = 0.0113), 

and the surgical procedures in which transthoracic was 
more favourable with regard to long term-prognosis than 
transhiatal (P = 0.0345) (Table 3). The forward likelihood 
ratio variables selection yields a similar model. A separate 
analysis of  each of  the two histologic tumour types did 
not identify CRP as an independent prognostic factor 
(squamous cell carcinoma: P = 0.062; adenocarcinoma: P 
= 0.063). However, multivariate analysis showed that the 
surgical procedure (P = 0.0054) was the most significant 
prognostic indicator on survival in patients with squamous 
cell carcinoma, whereas the pT-category (P = 0.0002) was 
the most significant prognostic indicator for survival in 
patients with adenocarcinoma. 

DISCUSSION
C-reactive protein as a marker of malignant potential in 
oesophageal carcinoma
In the present study, patients with preoperatively elevated 
CRP concentrations had significantly larger tumours, a 
higher number of  lymph nodes affected by metastatic 
spread with a higher total number of  dissected lymph 
nodes. The correlation between acute-phase protein 

Table 2  Perioperative course

Parameter CRP < 5.0 mg/dL CRP ≥ 5.0 mg/dL P -value
(n = 127) (n = 164)

Blood transfusion (n) 
(n = 276)   0 (0-22)  1.5 (0-38) 0.006

ICU stay (d) 
(n = 276)  9.5 (2-107)     11 (1-115) 0.094

Internal complications 
(n = 288) 34 (27%)   74 (45%) 0.002

Surgical complications 
(n = 280) 46 (36%)   66 (41%) 0.469
-anastomotic leakage 22 (18%)   34 (21%)  0.549
-transplant necrosis 3 (3%)   7 (4%)  0.522
-mediastinitis 2 (2%)   3 (2%) 0.999

30-d-mortality 
(n = 286) 9 (7%) 12 (7%) 0.999
Hospital mortality
(n = 280) 14 (11%)   21 (13%) 0.719
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Figure 1  Kaplan-Meier survival curves for patients with elevated compared to 
normal preoperative CRP-values.

Table 3  Independent prognostic factors in 253 patients with 
oesophageal resection for carcinoma

95% confidence interval (CI)

Variable Hazard ratio Lower border Upper border P -value

pT-category1 < 0.0001
-pT2  2.316 1.158   4.629    0.0174
-pT3  4.240 2.211   8.131 < 0.0001
-pT4  4.432 1.854 10.596     0.0008
R-classification2     0.0113
0  1.992 1.231   3.224     0.0050
-R2 and R2 -0.618 0.190   2.008     0.4234
CRP (logarithm)  1.182 1.030   1.356     0.0172
Surgical approach3    0.0345
-transthoracic  0.680 0.486   0.953    0.0249
-transhiatal  0.326 0.079   1.338    0.1196

1 Reference category: pT0; 2 Reference category: R0; 3 Reference category: 
transhiatal.
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and biological behaviour in oesophageal cancer may be 
attributable to an inflammatory reaction, the endogenous 
response to tumour invasion[6,7]. 

The production of  CRP is regulated by proinflamma-
tory cytokines, in particular IL-6, IL-1 and TNFα , 
which serve as autocrine growth factors in neoplastic 
processes[2,8-11]. Acute-phase reactions of  the organism have 
further been observed in tumour progression and tumour 
recurrence[12]. A correlation has been established between 
elevated serum CRP concentrations and malnutrition as 
well as impaired immunity in patients with oesophageal 
cancer[1]. 

While acute bacterial infections and collagen diseases 
are associated with a marked serum CRP elevation (> 10 
mg/dL) at a latency period of  8-12 h for infections, only 
moderately elevated serum levels (< 10 mg/dL) have been 
observed in patients with malignomas[6,13].

Nozoe et al first presented immunohistochemical 
evidence of  CRP expression in tumour cells of  patients 
with squamous cell carcinoma of  the oesophagus. 
The authors found that elevated serum levels of  the 
protein, in addition the synthesis by hepatocytes as a 
response to the tumour, may be at least in part due to 
the production of  CRP by the tumour itself[4]. In their 
study, the immunohistochemical expression of  CRP in the 
tumour correlated with preoperative serum CRP levels. 
There were, however, no significant differences in the 
clinicopathologic characteristics, in particular the TNM-
classification, between the patients with and without CRP 
expression of  the tumour[4]. 

Comparable data on the adenocarcinoma have not 
been published to date.

C-reactive protein as a prognostic indicator of the perio-
perative course
Mortality rates after oesophagectomy cited in the litera-
ture range from 2%-25%[14]. These rates are in particular 
accounted by the development of  pulmonary complica-
tions[15-17]. Various risk analyses have further described the 
impaired function of  heart, liver and respiratory system, in 
addition to patient age and general status as independent 
predictors of  perioperative morbidity and mortality[14,18-20]. 
A preoperative marker for the assessment of  the intraop-
erative and postoperative course has not yet been estab-
lished. 

There was an increase in the required transfusion of  
packed erythrocytes in our patients with preoperatively 
elevated CRP, which may be due to the presence of  larger 
tumours leading to extended operative times in this group. 
Furthermore, there were a greater number of  general 
complications, especially those of  pulmonary origin, in 
patients with a preoperative CRP value of  ≥ 5.0 mg/dL. 
With a view to the described cytokine interaction, Katsuta 
et al found a close association between preoperative TNF-α 
and IL-1β-production, and pulmonary complications after 
transthoracic oesophagectomy[21]. In their study, however, 
they did not find that either preoperatively determined 
CRP levels or IL-6 had an influence on the development 
of  postoperative pneumonia[21]. A limitation of  the 
assessment of  the importance of  C-reactive protein in our 

patient population is that the abdominothoracic procedure, 
which is associated with a higher pulmonary morbidity 
rate, was selected more frequently (80/134 patients) than 
the transhiatal approach (80/151 patients) in the group 
with elevated CRP concentrations. The difference in the 
occurrence of  general complications was therefore of  
relevance only in patients with squamous cell carcinoma, 
but not in those with adenocarcinoma.

Significance of C-reactive protein for the long-term 
prognosis
In addition to the pT-category as the most significant pro-
gnostic factor, R-classification and the surgical procedure, 
preoperatively determined CRP was an independent 
prognostic factor in our patient population after surgical 
treatment for oesophageal carcinoma. 

A number of  different molecular biologic analyses 
have established a correlation between the expression 
of  epidermal growth factor receptor (EGFR), vascular 
endothelial growth factor (VEGF), cyclin D, int-2, hst-1, 
p53-mutation, CD44-variants, MIB-1-proliferation 
and carcinogenesis in oesophageal carcinoma and its 
prognosis[22-28]. 

The importance of  CRP as a prognostic indicator 
in oesophageal carcinoma has recently been described 
in patients with squamous cell carcinoma only[3,4,29], as 
well as by a study consisting to 6.5% of  patients with 
adenocarcinoma[1]. Thus far there have been no studies 
conducted to investigate the role of  CRP in patients with 
adenocarcinoma, or in patients comprising with both 
adenocarcinoma and squamous cell carcinoma. A search 
of  the available literature demonstrates that this study is 
the first to identify preoperative CRP as an independent 
prognostic factor for long-term survival in a mixed patient 
population. The number of  patients with squamous 
cell carcinoma was only slightly higher than that with 
adenocarcinoma (145/291 vs 122/291, respectively).

In summary, the results of  this study show that 
preoperative CRP is an easily determined and independent 
prognostic marker in patients with squamous cel l 
carcinoma and adenocarcinoma of  the oesophagus. The 
significance of  the role of  this marker needs to be assessed 
in relation to that of  other important prognostic factors of  
long-term survival, i.e. the pT-category and R-classification. 
However, the pT-category and R-classification become 
apparent only postoperatively, the assessment of  CRP is a 
useful tool in the evaluation of  the course prior to surgical 
intervention. 
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