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� Société Internationale de Chirurgie 2017

Abstract

Background Elevated preoperative serum C-reactive protein (CRP) levels are reportedly associated with a poor

prognosis for patients with various types of malignant tumors. However, the impact of postoperative CRP levels on

the prognosis of patients with esophageal cancer remains unknown. The present study aims to clarify the prognostic

significance of postoperative CRP levels on the survival of patients with esophageal cancer.

Methods We reviewed the records of consecutive 202 patients with thoracic esophageal squamous cell carcinoma

who underwent transthoracic esophagectomy. We measured serum CRP levels on postoperative days (PODs) 1, 2, 3,

5 and 7 and evaluated the relationships between postoperative CRP levels and survival.

Results The findings of Cox regression analyses suggested that elevated CRP levels on POD 3, 5 and 7 were

associated with poor recurrence-free survival (RFS). We divided CRP levels on POD 7 into three tertiles and found

that RFS could be clearly stratified, being the poorest (p\ 0.001) in the highest tertile (high CRP). The trend was

similar even in patients with or without infectious complications and with or without advanced pathological stage.

Multivariate analysis showed that pathologically advanced stage (Hazard ratio [HR], 5.14; 95% confidence interval

[CI] 2.67–9.87; p\ 0.001) and high CRP (HR, 2.27; 95% CI 1.3–3.96; p = 0.004) were independent predictors of

RFS.

Conclusion Postoperative CRP levels could predict the prognosis of patients with esophageal cancer. We propose

that the clinical course of postoperative CRP level should be carefully monitored as a predictor of survival.

Introduction

Despite recent improvements in multimodal therapy and

perioperative management, the prognosis of patients with

esophageal cancer remains poor. A specific predictor of

prognosis would be useful for tailoring suitable manage-

ment strategies to improve the outcomes of patients.

Several biochemical markers such as squamous cell

carcinoma antigen [1], carcinoembryonic antigen [2] and

CYFRA 21-1 [3] have been investigated, but their sensi-

tivity has not proven fully satisfactory for various stages of

esophageal cancer. Whereas C-reactive protein (CRP) is

widely regarded as a biochemical marker of a systemic

inflammatory response, it has been also indicated that

elevated CRP levels are associated with a poor prognosis

for patients with various types of malignant tumors [4–8].

Several studies have investigated relationship between

pretreatment CRP levels and the prognosis of patients with

esophageal cancer [9–15]. However, the impact of post-

operative CRP levels on prognosis in esophageal cancer

remains unknown.
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A persistent inflammatory state is an important factor in

the development of cancer according to several studies

[16, 17]. Furthermore, we previously found that excessive

surgical stress induces enhanced liver metastasis in rats

[18]. Thus, we postulated that postoperatively elevated

CRP would reflect a persistent inflammatory state and that

postoperative CRP values might serve as a prognostic

marker. The present study is aimed to define the prognostic

significance of postoperative CRP levels after esophagec-

tomy in patients with esophageal cancer.

Materials and methods

Patients

We reviewed 291 patients who underwent esophageal

resection at our institution between January 2003 and

December 2011. Among these, 16, 15, 15, 9 and 3 patients

were treated by colon interposition, pharyngolaryngoe-

sophagectomy, intrathoracic reconstruction, distal

esophagectomy and transhiatal esophagectomy, respec-

tively. Seven patients who were treated by salvage

esophagectomy after definitive chemoradiotherapy, 16 with

incomplete resection and eight with insufficient postoper-

ative CRP data were excluded from this study. We finally

investigated 202 patients who underwent right transtho-

racic esophagectomy with gastric tube reconstruction and

cervical anastomosis using the same approach (three-inci-

sion esophagectomy). All tumors were pathologically

diagnosed as squamous cell carcinoma. The Institutional

Review Board of Hiroshima University approved this

study.

Table 1 summarizes the characteristics of the 202

patients (male, n = 177; female, n = 25; mean age,

62.6 years) whose data were analyzed in the present study.

All tumors were located in the thoracic segments and

staged according to the 7th Edition of the TNM Classifi-

cation of Malignant Tumors [19]. Postoperative compli-

cations developed in 102 patients. Among 62 of those

complicated with infections, 41 and 21 were major and

minor, respectively.

Treatment modalities

Preoperative therapy was indicated for patients aged

\75 years with T2 or higher or lymph node involvement at

preoperative clinical evaluations, and whose overall con-

dition was good. Neoadjuvant chemoradiotherapy was the

first choice of preoperative therapy at our institution, and

neoadjuvant chemotherapy was selected when patients had

clinical T1N1 disease or were deemed unsuitable for con-

comitant radiotherapy and chemotherapy. Patients with

clinical T1N0 were immediately treated with surgery, and

adjuvant therapy was considered if lymph node involve-

ment was revealed during postoperative pathological

evaluation. Therefore, 99 patients received neoadjuvant

therapy, and 103 were initially treated by surgery.

All patients underwent at least mediastinal and abdom-

inal (two-field) lymph node dissections. Cervical lym-

phadenectomy was added when a primary tumor was

located in the upper or middle third of the thoracic

esophagus, or cervical or upper mediastinal lymph node

metastases were clinically evident (three-field lymph node

Table 1 Patients’ characteristics

Variable Number (n = 202)

Age (year) 62.6 ± 7.80

Sex

Male/Female 177/25

Clinical stage

IA/IB/ 79/10

IIA/IIB/IIIA/IIIB/IIIC/IV* 20/28/36/9/1/19

Preoperative therapy

None 103

Chemotherapy/Chemoradiotherapy 17/82

Pathological stage

0/IA/IB 30/70/8

IIA/IIB/IIIA/IIIB/IIIC/IV* 14/34/19/8/5/14

Surgical duration (min) 407 ± 77.3

Blood loss (g) 568 ± 439

Lymph node dissection

Two-field/three-field 120/82

Total complications 102

Infectious complication 62

Infectious minor/major complication 21/41

Anastomotic leak 5�/21�

Pneumonia 8�/16�

Pleural empyema 0/5�

Strangulated Ileus 0/1

Surgical site infection 5�/0

Enteritis 2/0

Bacteremia 2/0

Cholecystitis 1/0

Pre-CRP (mg/dL) 0.40 ± 1.05

Pre-Albumin (mg/dL) 4.01 ± 0.49

Pre-Albumin, preoperative albumin level; Pre-CRP, preoperative

C-reactive protein level

* All patients with stage IV had supraclavicular lymph node

involvement
� Minor and � major complicating infections in three and two

patients, respectively
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dissection). Subsequently, the gastric tube was lifted via

the posterior mediastinal or retrosternal route, and cervical

anastomosis was accomplished.

Measurement of serum C-reactive protein

We routinely measured serum CRP levels preoperatively

and on postoperative days (PODs) 1, 2, 3, 5 and 7 using a

Bio Majesty JCA-BM6070 (Japan Electron Optics Labo-

ratory; Tokyo, Japan) according to the manufacturer’s

instructions. Normal values were defined as \1.0 mg/dL.

Serum CRP levels were measured at least every seven days

until discharge from hospital and at the first outpatient

visit, but not routinely thereafter if deemed unnecessary.

Statistical analyses

Data are presented as numbers (%) or as mean ± standard

deviation unless otherwise stated. Frequencies were

compared using the v2 test for categorical variables, and

small samples were analyzed using Fisher’s exact test.

Postoperative complications were graded according to the

Clavien–Dindo classification [20]. Minor complications

were defined as grade I and II, and major complications

were defined as grades III and higher. Recurrence-free

survival (RFS) was defined as elapsed time from the date of

surgery until the first event (recurrence or death from any

cause) or the last follow-up. The patients were followed up

for a median of 41.4 months after surgery.

Correlations between CRP levels and RFS were assessed

using Cox proportional hazards models. The duration of

RFS was analyzed using the Kaplan–Meier method, and

differences in RFS were assessed using the log-rank test.

All data were statistically analyzed using SPSS software

version 10.5 (SPSS Inc, Chicago, IL, USA).

Results

Postoperative course of CRP levels, complications

and survival

Mean CRP values on POD 1, 2, 3, 5 and 7 were 9.85,

19.36, 17.09, 9.77 and 7.89, respectively, indicating a peak

on POD 2, followed by a decline (Fig. 1).

Relationship between postoperative CRP levels

and survival

We investigated the relationship between RFS and post-

operative CRP values using Cox regression analyses. The

hazard ratios (HR) of CRP levels on POD 1, 2, 3, 5 and 7

were 0.98 (p = 0.98), 1.03 (p = 0.14), 1.04 (p = 0.03),

1.08 (p = 0.001) and 1.09 (p\ 0.001), respectively. Ele-

vated CRP values on POD 3, 5 and 7 were significantly

associated with poor RFS. As CRP value on POD 7 (CRP-

day 7) had the closest correlation with RFS, we selected

this value for subsequent analysis of prognostic impact

(Table 2).

Survival based on CRP-day 7

Among 56 patients who died during follow-up, 40 and 14

were due to cancer recurrence and other diseases, respec-

tively, and two were treatment related.

The patients were divided into groups with low, middle

and high CRP-day 7 values of 0.67–5.16 (n = 68),

5.21–8.60 (n = 68) and 8.61–36.1 (n = 66), respectively.

Recurrence-free survival was clearly stratified among these

groups (Fig. 2a). The 5-year survival rates were 48.5, 69.4

and 77.8% for patients in the highest (high CRP), middle

(middle CRP) and lowest (low CRP) tertiles, respectively.

Fig. 1 Clinical course of postoperative serum C-reactive protein

level was shown as histogram. CRP peaked on postoperative day 2

and declined thereafter

Table 2 Univariate analysis of postoperative serum C-reactive pro-

tein level related to recurrence-free survival

Variables HR 95% CI p

CRP POD 1 0.98 0.90–1.07 0.98

CRP POD 2 1.03 1.00–1.07 0.15

CRP POD 3 1.04 1.00–1.08 0.03

CRP POD 5 1.08 1.03–1.12 0.001

CRP POD 7 1.09 1.06–1.13 \0.001

CRP C-reactive protein, POD postoperative day, CI confidence

interval, HR hazard ratio
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Survival rates significantly differed between the groups

with high and low CRP (p\ 0.001) and with high and

middle CRP (p = 0.01) values, but not between those with

middle and low CRP values (p = 0.24). The RFS was

significantly poorer in the group with high than with

middle and low CRP values (p\ 0.001; Fig. 2b).

Comparison of clinical parameters between high

and middle and low CRP groups

The ratio of male patients was higher in the group with

high, than with combined middle and low CRP values (64/

66 [97.0%] vs. 113/136 [87.1%], p = 0.005). Moreover,

infectious complications were more frequent in the group

with high, than with combined middle and low CRP values

(32/66 [48.4%] vs. 30/136 [22.1%], p\ 0.001). The mean

values for preoperative CRP, albumin, surgical duration

and blood loss were higher in the group with high CRP than

in the other two groups combined, but the differences did not

reach significance (0.51 ± 1.27 vs. 0.35 ± 0.92 mg/dL,

p = 0.31; 4.12 ± 0.51 vs. 4.05 ± 0.46 mg/dL, p = 0.36;

421 ± 80.3 vs. 400 ± 75.4 min, p = 0.09; 612 ± 500 vs.

546 ± 405 g, p = 0.35, respectively). The proportion of

advanced cancer according to pathological stage was similar

between the high versus combined middle and low CRP

groups (31/66 [47.0%] vs. 63/136 [46.3%], p = 0.67).

We investigated the effects of infectious complications

and pathological stage on the relationship between them

using a subgroup analyses based on CRP-day 7 and RFS.

Five-year RFS rates were 73.3 and 58.1% for patients

without infectious complications who had middle and low

combined, and high CRP values, respectively (p = 0.04)

(Fig. 3a), while these rates were 80.0 and 36.7%, respec-

tively, for patients with minor infectious complications

(p = 0.24) (Fig. 3b) and 80.0 and 34.9%, respectively, for

those with major infectious complications (p = 0.01)

(Fig. 3c). Furthermore, RFS was also poorer in the high

CRP group regardless of pathological stage. Five-year RFS

rates are 90.8 and 64.2% for patients in subgroup with

pathological stages 0 and I, and with combined middle and

low CRP values and high CRP values, respectively

(p\ 0.001) (Fig. 3d), while these rates are 53.9 and 30.6%

for patients in subgroup with pathological stages II, III and

IV (p = 0.01) (Fig. 3e).

Perioperative factors associated with recurrence-

free survival

We examined the relationships between several perioper-

ative factors and RFS to identify independent predictors for

RFS (Table 3). Univariate Cox regression analysis selected

pathological stage (HR, 4.12; 95% CI 2.37–7.15;

p\ 0.001), and CRP-day 7 (HR, 2.45; 95% CI 1.50–3.99;

Fig. 2 Recurrence-free survival (RFS) curves of patients according to C-reactive protein values on postoperative day 7 (CRP-day7). a Five-

year RFS rates are 77.8, 69.4 and 48.5% for patients in the lowest (low CRP), middle (middle CRP) and highest (high CRP), tertiles,

respectively. b Five-year RFS rates are 73.6 and 48.5% for patients with combined middle and low CRP values and with high CRP values,

respectively (p\ 0.001)
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p\ 0.001) as being significantly associated with RFS.

Multivariate analysis including sex, infectious complica-

tions, and preoperative albumin and CRP values also

selected pathological advanced stage (HR, 5.14; 95% CI

2.67–9.87; p\ 0.001) and high CRP (HR, 2.27; 95% CI

1.3–3.96; p = 0.004) as independent covariates for RFS.

Survival impact of persistent CRP in High CRP

group

Among 66 patients with high CRP group, 50 patients

(75.8%) were evaluated serum CRP level at 1 month after

surgery (POD 27-31). Five-year RFS rates for patients with

persistently high ([1.0 mg/dL; N = 27) or normal

(CRP B 1.0 mg/dL; N = 23) CRP values were 25.7 and

68.6%, respectively, indicating significantly poorer RFS

for patients with persistently high CRP values (p = 0.005;

Fig. 4).

Discussion

We aimed to identify the prognostic impact of postopera-

tive CRP values in patients with esophageal cancer. Several

studies have investigated the relationship between CRP

values and the prognosis of patients with esophageal can-

cer. Reports indicate that high CRP levels are associated

with a poor prognosis for patients with esophageal cancer

treated by esophagectomy [9–12], radiotherapy [13],

chemoradiotherapy [14] and neoadjuvant therapy followed

by esophagectomy [15]. However, all of these reports

investigated pretreatment CRP levels. To our knowledge,

Fig. 3 Recurrence-free survival (RFS) curves of patients according to C-reactive protein values on postoperative day 7 (CRP-day7). a Five-

year RFS rates are 73.3 and 58.1% for patients without infectious complications and with combined middle and low CRP values and high CRP

values, respectively (p = 0.04). b Five-year RFS rates are 80.0 and 36.7% for patients with minor infectious complications and with combined

middle and low CRP values and high CRP values, respectively (p = 0.24). c Five-year RFS rates are 80.0 and 34.9% for patients with major

infectious complications and with combined middle and low CRP values and high CRP values, respectively (p = 0.01). d Five-year RFS rates

are 90.8 and 64.2% for patients with pathological stages 0 and I, and with combined middle and low CRP values and high CRP values,

respectively (p\ 0.001). e Five-year RFS rates are 53.9 and 30.6% for patients with pathological stages II, III and IV and with combined

middle and low CRP values and high CRP values, respectively (p = 0.01)
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this is the first report about the relationship between post-

operative CRP values and the prognosis of patients with

esophageal cancer.

The liver is the general site of CRP synthesis, which is

regulated by cytokines such as interleukin-1, tumor

necrosis factor and mostly interleukin-6 (IL-6). These

cytokines are synthesized by monocytes, macrophages,

lymphocytes, fibroblasts and endothelial cells at postoper-

ative surgical sites, and elevate serum CRP levels [21, 22].

Cox regression analyses significantly associated CRP-

days 3, 5 and 7 with RFS and CRP-day 7 were most useful

for stratifying for RFS in our cohort. We collected the

patients with same surgical procedure to unify the surgical

invasion. However, some confounders still could have

affected this result. For example, more surgical stress

might be imposed by surgery for advanced, than for early

stage cancer, because surgical duration would be extended

and more blood would be lost. Moreover, postoperative

infectious complications could cause CRP to increase. We

attempted to address this issue using a sub-analysis, the

results of which uncovered a significant impact of CRP-day

7 upon survival regardless of infectious complications and

pathological stage. Furthermore, multivariate analysis

identified CRP-day 7 as an independent predictive factor

for RFS. These results suggest that postoperative CRP

levels have prognostic significance for patients with eso-

phageal cancer treated by esophagectomy.

Postoperative CRP levels affect the prognosis of patients

with some other types of malignant tumors. Shiba et al.

[23] found that postoperative peak CRP predicted the

overall survival of patients with hepatocellular carcinoma.

Others have also shown that postoperative CRP levels have

prognostic impact for patients with renal cell carcinoma

[24, 25]. The reason was thought that this type of carci-

noma generates IL-6 and CRP, and an increase postoper-

ative CRP levels would suggest occult residual cancer. The

reason why postoperative CRP level is correlated with

prognosis in patients with esophageal cancer remains

unknown. Like renal cell carcinoma, some types of eso-

phageal squamous cell carcinoma generate IL-6 [26] and

CRP [27, 28], which might reflect residual tumors when

postoperative CRP is not normalized.

We propose another reason that could explain how

postoperative CRP levels affect prognosis. Postoperative

CRP levels might differ due to individual anti-inflamma-

tory and immune responses [29, 30]. Indeed, a gene asso-

ciated with inflammation is activated in obese patients and

carriers of hepatitis virus [31, 32]. Elevated postoperative

CRP levels are thought to indicate persistent inflammation,

and which could cause the development of cancer, and IL-6

that mainly regulates CRP synthesis, is thought to play

important roles through activities such as stimulating of

angiogenesis [33] and inhibiting cancer from undergoing

Table 3 Univariate and multivariate analysis of perioperative factors

associated with recurrence-free survival

Variable Univariate Multivariate

HR 95% CI p HR 95% CI p

Sex

Female 3.17 0.99–10.1 0.05 2.1 0.64–6.9 0.22

Male

Infectious complication

No 1.64 0.95–2.81 0.09 1.41 0.8–2.5 0.24

Yes

Pre-CRP (mg/dL)

\1.0 1.59 0.78–3.21 0.2 1.39 0.64–3.03 0.4

C1.0

Pre-Albumin (mg/dL)

C3.5 1.35 0.66–2.74 0.41 0.78 036–1.71 0.54

\3.5

pStage

0, I 4.12 2.37–7.15 \0.001 5.14 2.67–9.87 \0.001

II, III, IV

CRP-day 7 (mg/dL)

\8.6 2.45 1.50–3.99 \0.001 2.27 1.3–3.96 0.004

C8.6

CRP-day7 C-reactive protein level on postoperative day 7, CI confi-

dence interval, HR hazard ratio, Pre-Albumin preoperative albumin

level, Pre-CRP preoperative C-reactive protein level

Fig. 4 Recurrence-free survival (RFS) curves of patients with high

CRP group according to C-reactive protein values at one month

after surgery. Five-year RFS rates were 25.7 and 68.6% for patients

with persistently high ([1.0 mg/dL) and normal (B1.0 mg/dL) CRP

values, respectively (p = 0.005)
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apoptosis [34]. Furthermore, CRP also has several

immunological functions [35]. These findings suggest that

a persistent inflammatory state in the presence of postop-

erative occult residual cancer would be more likely to

cause cancer development and recurrence and thus a poor

prognosis. Therefore, this could be the most reasonable and

convincing explanation for the finding that CRP-day 7

most significantly correlated with RFS in the present study.

Figure 4 shows extremely poor survival among patients

with persistently high CRP values, indicating that a long-

term inflammatory state caused poor survival. Because

esophagectomy is highly invasive, several investigators

have applied drugs to suppress excessive reaction to sur-

gical stress and to reduce postoperative complications.

Indeed, corticosteroids [36] and sivelestat, a selective

neutrophil elastase inhibitor [37], have reduced postoper-

ative surgical stress reaction after esophagectomy. The

present and these findings with this result suggest that such

drugs might also help to suppress the progression of occult

residual cancer. We previously showed that sivelestat

suppresses the growth of gastric cancer cells by inhibiting

the release of TGF-a stimulated by neutrophil elastase [38].

Eicosapentaenoic acid reportedly modifies the activity of

cytokines such as IL-6 and inhibits the proliferation of an

esophageal cancer cell line [39].

The present study was limited by the retrospective

design. Our patients had various stages of esophageal

cancer and were therefore treated according to various

policies. Several perioperative factors affect postoperative

CRP values. However, we selected the patient population

and used subgroups and multivariate analysis to avoid the

influence of some confounders. Although these strategies

allowed comparisons between patients who had been

exposed to similar degrees of surgical stress, the influence

of perioperative factors upon postoperative CRP levels

might be difficult to completely exclude. Therefore, a

validation study is needed to confirm our results in large

cohorts who are with similar characteristics.

In conclusion, our findings suggest that elevated post-

operative CRP levels are associated with poor survival in

patients with esophageal cancer. We therefore propose that

the clinical course of postoperative CRP should be care-

fully monitored as a predictor of survival.
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