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Abstract

Background Postoperative inflammatory complications are associated with poorer prognosis in gastrointestinal

malignancies. The aims of this study were to clarify the impact of postoperative inflammation itself on overall

survival (OS) and relapse-free survival (RFS) in advanced gastric cancer patients.

Methods We retrospectively analyzed 490 patients who underwent curative resection for pStage II and III gastric

cancer from 2005 to 2008. We evaluated postoperative inflammation based on duration of hyperthermia (body

temperature C38 �C) and leukocytosis (C12,000/lL-1). OS and RFS were compared between a prolonged inflam-

mation group and non-prolonged inflammation group. Multivariate analysis using the Cox proportional hazard model

was performed to identify independent prognostic factors.

Results The prolonged inflammation group comprised 57 (11.7%) patients who had hyperthermia for 4 days or

longer and 42 (8.6%) patients who had leukocytosis for 7 days or longer. OS and RFS were significantly worse in the

prolonged hyperthermia group (OS: hazard ratio (HR) 1.84, 95% confidence interval (CI) 1.19–2.73, P = 0.004;

RFS: HR 1.66, 95% CI 1.08–2.45, P = 0.015). The prolonged leukocytosis group also showed significantly worse

OS (HR 1.92, 95% CI 1.19–2.96, P = 0.004) and RFS (HR 1.90, 95% CI 1.19–2.88, P = 0.004). Multivariate

analysis identified prolonged hyperthermia as an independent factor for predicting poor prognosis (OS: HR 1.77, 95%

CI 1.13–2.68, P = 0.013; RFS: HR 1.60; 95% CI 1.03–2.39, P = 0.038).

Conclusions Prolonged hyperthermia and leukocytosis after curative gastrectomy were associated with poorer OS

and RFS in advanced gastric cancer patients.

Introduction

Gastric cancer is the third leading cause of cancer death in

the world [1]. Surgical resection is the mainstay of treat-

ment for gastric cancer, but recurrence and metastasis

occur in 20–60% of patients [2–4]. We previously reported

that postoperative complications impacted adversely on

overall survival (OS) and disease-specific mortality (DSM)

among 1395 patients who underwent curative resection for

gastric cancer [5]. The cumulative incidence of DSM was

also significantly worse in patients with complications.

Multivariate analysis identified that an increased risk of

complications significantly affected both OS and DSM [5].

In patients with colorectal cancer, some studies showed

that postoperative complications involving intra-abdominal

infection lead to higher levels of serum VEGF and IL-6 and

a higher recurrence rate [6, 7].

The association between inflammatory status before

surgery and prognosis can be defined using the Glasgow

prognostic score (GPS) and neutrophil–lymphocyte ratio
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(NLR) [8–10]. Tokunaga et al. [11] reported postoperative

intra-abdominal infectious complication is a prognostic

factor for patients with gastric cancer. Inflammatory

response seems to play an important role, but there are only

few reports investigating association between postoperative

inflammation itself and prognosis.

In this study, we hypothesized that an inflammatory

response caused by postoperative complications could medi-

ate a poor prognosis after curative resection for gastric cancer.

Materials and methods

Data source

From January 2005 to December 2008, 1418 patients with

gastric cancer underwent curative gastrectomy at the Cancer

Institute Hospital of Japanese Foundation for Cancer

Research, Tokyo, Japan. Among them, 506 patients (35.7%)

were diagnosed as pathological stage (pStage) II or III. We

retrospectively reviewed their medical records. We excluded

eight patients with synchronous cancer in other organs and

three patients with rare histology (carcinosarcoma and neu-

roendocrine carcinoma). Five patients died during hospital

stay after surgery, and they were excluded from this study.

The remaining 490 patients constituted the entire cohort of

this study. Gastrectomy and lymph node dissection were

carried out according to the Japanese gastric cancer treat-

ment guidelines [12]. Tumor was staged according to the 7th

edition of the International Union Against Cancer tumor,

node, metastasis (TNM) classification system [13]. In our

institution, patients with clinical stage (cStage) I disease

were treated with laparoscopic gastrectomy, while patients

with cStage II and III were treated with open gastrectomy

with D2 lymph node dissection. Patients were routinely

given the epidural anesthesia during 3 days after surgery.

Acetaminophen or non-steroidal anti-inflammatory drugs

(NSAIDs) were not used routinely. Patients with patholog-

ical stage (pStage) II or III disease, but not those with pT3N0

disease, received adjuvant chemotherapy based on a Japa-

nese phase III trial for gastric cancer after 2007 [14]. Before

the phase III trial, adjuvant chemotherapy using an oral flu-

orouracil agent was administered based on the surgeon’s

choice. Information including patient characteristics, surgi-

cal records, and pathological data were obtained from the

prospective database of our hospital. We defined the pres-

ence of postoperative complication as grade 2 or higher

according to Clavien–Dindo classification [15].

Evaluation of inflammation

During the postoperative period, we usually perform blood

examination on days 1, 3, and 7, with other days added if

considered necessary by the attending surgeon. Body

temperature (BT) was measured at least three times every

day.

We evaluated inflammation with body temperature and

white blood cell (WBC) count. Among variables of sys-

temic inflammatory response syndrome (SIRS) criteria

[16], we rated inflammation as present if the patient had a

body temperature of 38 �C or higher or leukocytosis

12,000 lL-1 or higher. We counted the number of days

with inflammation in each patient and set this as the

inflammatory indicator of the patient. As for leukocytosis,

we did not measure the white blood cell count every day;

therefore, we rated it unless the WBC count went below

12,000 lL-1. If BT or the WBC count went below 38 �C
or 12,000 lL-1 and these went up later, we rated the

number of days with second inflammation and added to the

number of the days with the first inflammation.

Statistical analysis

The primary interest of this study was to evaluate whether

postoperative inflammation affects the following time-to-

event end points: (1) OS, defined as the duration between

the date of surgery and death from any cause or the date of

last follow-up in living patients and (2) RFS, defined as the

duration between the date of surgery and recurrence or the

death due to any cause. Survival curves were evaluated by

Kaplan–Meier method and the log-rank test was employed

for comparisons.

Differences in patient characteristics as categorical

variables were compared between the prolonged and non-

prolonged hyperthermia groups by the Chi-square test. The

Wilcoxon test was conducted for continuous variables.

A Cox proportional hazards analysis was performed to

identify independent prognostic factors among the vari-

ables for OS and RFS. In the analysis, each patient’s age,

tumor location, perioperative blood transfusion, patholog-

ical stage, presence/absence of preoperative chemotherapy

and adjuvant chemotherapy, duration of hyperthermia and

leukocytosis were included as covariates.

Statistical analyses were carried out using JMP 11 (SAS

institute, Cary, NC, USA). P values less than 0.05 were

considered significant.

Results

Duration of inflammation and tumor recurrence

To determine cutoff values, we randomly divided 490

patients into two groups, a training set and validation set.
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We then identified those values of inflammatory indicators

showing the highest hazard ratio for tumor recurrence in

the training set and confirmed them using the validation

set. Using this method, we defined prolonged hyperthermia

group as duration of hyperthermia for 4 days or longer and

prolonged leukocytosis as that lasting for 7 days or longer.

Patient characteristics

Table 1 summarizes the characteristics of 490 patients who

underwent curative resection for pStage II and III gastric

cancer. Of these, 57 (11.7%) patients had a maximum body

temperature over 38 �C for 4 days or longer and thus were

Table 1 Patient characteristics

Prolonged

hyperthermia

(n = 57)

Non-prolonged

hyperthermia (n = 433)

P value Prolonged

leukocytosis

(n = 42)

Non-prolonged

leukocytosis (n = 448)

P value

Age (years) 64 64 0.228 65.5 64 0.730

Sex 0.006 0.054

Male 45 (79.0%) 263 (60.7%) 32 (76.2%) 276 (61.6%)

Female 12 (21.0%) 170 (39.3%) 10 (23.8%) 172 (38.4%)

BMI (kg/m2) 20.9 20.9 0.617 21.3 20.9 0.531

Preoperative albumin 4.1 4.1 0.957 3.9 4.1 0.314

Operative time (min) 246 213 \0.001 253 213.5 \0.001

Surgical procedure

[laparoscopic surgery]

0.001 \0.001

Total gastrectomy 36 [1] 171 [6] 37 [1] 170 [6]

Distal gastrectomy 19 [2] 237 [42] 5 [0] 251 [44]

Proximal gastrectomy 0 [0] 8 [4] 0 [0] 8 [4]

Splenectomy 24 (42.1%) 91 (21.0%) \0.001 31 (73.8%) 84 (18.8%) \0.001

Blood loss (mL) 495 195 \0.001 320 195 \0.001

Blood transfusion 6 (10.5%) 23 (5.3%) 0.117 3 (7.1%) 26 (5.8%) 0.725

Tumor location 0.025 0.009

Upper 23 (40.4%) 121 (27.9%) 21 (50.0%) 123 (27.5%)

Middle 13 (22.8%) 177 (40.9%) 11 (26.2%) 179 (40.0%)

Lower 21 (36.8%) 135 (31.2%) 10 (23.8%) 146 (32.6%)

Tumor deptha 0.296 0.057

T1 4 (7.0%) 27 (6.2%) 1 (2.4%) 30 (6.7%)

T2 4 (7.0%) 72 (16.6%) 2 (4.8%) 74 (16.5%)

T3 17 (29.8%) 125 (28.9%) 11 (26.2%) 131 (29.2%)

T4 32 (56.1%) 209 (48.3%) 28 (66.7%) 213 (47.5%)

Lymph node metastasisa 0.101 0.311

N0 10 (17.5%) 97 (22.4%) 7 (16.7%) 100 (22.3%)

N1 8 (14.0%) 113 (26.1%) 7 (16.7%) 114 (25.5%)

N2 21 (36.8%) 122 (28.2%) 14 (33.3%) 129 (28.8%)

N3 18 (31.6%) 101 (23.3%) 14 (33.3%) 105 (23.4%)

Pathological stagea 0.044 0.005

II 21 (36.8%) 221 (51.0%) 12 (28.6%) 230 (51.3%)

III 36 (63.2%) 212 (49.0%) 30 (71.4%) 218 (48.7%)

Preoperative

chemotherapy

9 (15.8%) 33 (7.6%) 0.095 11 (26.2%) 31 (6.9%) \0.001

Adjuvant chemotherapy 29 (50.9%) 180 (41.6%) 0.182 22 (52.4%) 187 (41.7%) 0.183

Postoperative

complicationsb
31 (54.4%) 71 (16.4%) \0.001 31 (73.8%) 71 (15.9%) \0.001

a According to the 7th edition of the International Union Against Cancer tumor, node, metastasis classification system
b Postoperative complications were defined as Grade C 2 based on the Clavien–Dindo classification
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classified into the prolonged hyperthermia group, while 42

(8.6%) patients had leukocytosis for 7 days or longer and

thus comprised the prolonged leukocytosis group. Twenty-

four patients (4.9%) had both prolonged hyperthermia and

leukocytosis. Usage of acetaminophen or NSAIDs did not

differ significantly between prolonged and non-prolonged

hyperthermia group (P = 0.689), and prolonged and non-

prolonged leukocytosis group (P = 0.119). The prolonged

hyperthermia group included significantly more male

gender, longer operation time, large blood loss, total gas-

trectomy, tumor in the upper third of the stomach,

splenectomy, presence of postoperative complications, and

pStage III patients. A similar tendency was seen in the

prolonged leukocytosis group, although more patients with

deeper primary lesions. Duration of leukocytosis was sig-

nificantly longer in open surgery group than laparoscopic

surgery group (P\ 0.001), but duration of hyperthermia

did not significantly differ (P = 0.724). Of the 490

patients, 209 (42.7%) received adjuvant chemotherapy.

Prolonged and non-prolonged hyperthermia group included

29 and 180 patients, and prolonged and non-prolonged

leukocytosis group included 22 and 187 patients, respec-

tively. Forty-two patients (8.6%) received preoperative

chemotherapy, including 9 (15.8%) in the prolonged

hyperthermia group and 33 (7.6%) in the non-prolonged

hyperthermia group. Prolonged and non-prolonged

Fig. 1 Overall survival (a) and

relapse-free survival (b) of

prolonged and non-prolonged

hyperthermia group
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leukocytosis group included 11 and 31 patients with pre-

operative chemotherapy.

Survival outcomes

OS and RFS results are represented graphically in Figs. 1 and

2, respectively. The median follow-up time for the 490

patients was 61.8 months. One hundred and fifty-eight

patients died during this period, and 132 had recurrence of

gastric cancer. OS and RFS were both significantly worse in

the prolonged hyperthermia group compared to the non-

prolonged hyperthermia group (OS: hazard ratio (HR) 1.84,

95% confidence interval (CI) 1.19–2.73; Fig. 1a, RFS: HR

1.66, 95% CI 1.08–2.45; Fig. 1b). For pStage II disease, OS

and RFS were not significantly different between the groups,

However, for pStage III disease, both OS (HR 1.95, 95% CI

1.21–3.01) and RFS (HR 1.82, 95% CI 1.14–2.79) were

significantly worse in the prolonged hyperthermia group

than in the non-prolonged hyperthermia group. Similarly, the

prolonged leukocytosis group showed significantly worse

OS (HR 1.92, 95% CI 1.19–2.96; Fig. 2a) and RFS (HR 1.90,

95% CI 1.19–2.88; Fig. 2b) compared to the non-prolonged

leukocytosis group. In pStage II disease, neither was sig-

nificantly different between the prolonged and non-pro-

longed leukocytosis groups. On the other hand, for pStage III

disease, the prolonged leukocytosis group showed

Fig. 2 Overall survival (a) and

relapse-free survival (b) of

prolonged and non-prolonged

leukocytosis group
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significantly worse OS (HR 1.81, 95% CI 1.08–2.87) and

RFS (HR 1.74, 95% CI 1.05–2.75) compared to the non-

prolonged leukocytosis group.

Table 2 summarizes the multivariate analyses of prog-

nostic factors for OS and RFS. Postoperative complication

was excluded to investigate the effect of inflammatory

response itself for prognosis and avoid multicollinearity,

because postoperative complication was strongly associ-

ated with prolonged hyperthermia or leukocytosis from

odds ratio of 6.08 between postoperative complication and

prolonged hyperthermia, and that of 14.96 between post-

operative complication and prolonged leukocytosis. By

multivariate analysis, prolonged hyperthermia was inde-

pendently associated with poor OS (HR 1.77; 95% CI

1.13–2.68) and RFS (HR 1.60; 95% CI 1.03–2.39). In

contrast, multivariate analysis showed no statistically sig-

nificant correlation between prolonged leukocytosis and

OS or RFS.

Discussion

The present study showed that postoperative inflammation

was associated with poor OS and RFS after curative

resection for pStage III gastric cancer. We focused on

pStage II and III gastric cancer patients in this study

because those with pStage I disease show very low recur-

rence and mortality rates irrespective of postoperative

inflammation and would not be suitable for comparing

survival. Prolonged hyperthermia by our definition was an

independent risk factor for poorer OS and RFS, while

prolonged leukocytosis was also associated with poorer OS

and RFS.

Postoperative inflammation has been suspected to affect

oncological outcomes for malignancies. Intra-abdominal

infectious complication after gastrectomy is associated

with poor prognosis [11] and Nagasako et al. [17] reported

an association between anastomotic complications and a

higher recurrence rate for early gastric cancer. Our current

study supports these previous data in suggesting that

postoperative inflammation is associated with worse OS

and RFS in patients with advanced gastric cancer.

Preoperative inflammation-based GPS and NLR before

surgery has also been associated with tumor stage and

aggressiveness, leading to poor prognosis in gastric cancer

patients [8–10]. Further, we found here that even postop-

erative inflammation in terms of prolonged hyperthermia

and leukocytosis after curative resection was associated

with poorer OS and RFS. In this study, we could not

investigate the relationship between preoperative GPS or

Table 2 Multivariate analysis of prognostic factors for overall survival and relapse-free survival

Covariate Overall survival Relapse-free survival

HR 95% CI P value HR 95% CI P value

Age \0.001 \0.001

\75 year 1.00 1.00 –

C75 year 2.73 1.85–3.98 2.46 1.71–3.47

Blood transfusion 0.017 0.015

Absent 1.00 1.00 –

Present 1.98 1.14–3.21 1.93 1.15–3.05

pStagea \0.001 \0.001

II 1.00 1.00 –

III 3.22 2.28–4.63 2.83 2.06–3.94

Tumor location 0.008 0.023

Middle or lower 1.00 1.00 –

Upper 1.58 1.13–2.18 1.44 1.05–1.96

Preoperative chemotherapy \0.001 \0.001

Absent 1.00 1.00

Present 2.40 1.48–3.72 2.32 1.03–2.39

Duration of hyperthermiab 0.013 0.038

\4 days 1.00 1.00 –

C4 days 1.77 1.13–2.68 1.60 1.03–2.39

HR hazard ratio, CI confidence interval
a According to the 7th edition of the International Union Against Cancer tumor, node, metastasis classification system
b Hyperthermia was defined as body temperature C38 �C
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NLR and prognosis because preoperative CRP or lym-

phocyte count was not measured in many cases during

study period. Since hyperthermia and leukocytosis are

included in the SIRS criteria and also related to the sys-

temic inflammatory response, we evaluated postoperative

inflammation based on these measures. Neutrophil or CRP

is also indicator of inflammation, but it is difficult to set

cutoff value. Additionally, CRP does not show present

inflammation because CRP increases behind inflammation

and decrease behind relief of inflammation. Inflammatory

cytokines such as IL-6 and IL-10 are known to be associ-

ated with tumor growth [18, 19], and SIRS is followed by

nine compensatory anti-inflammatory response syndrome

(CARS) [20–22], with a Th1/Th2 balance shift toward Th2

and suppression of cellular immunity in the CARS phase

[20, 23]. As SIRS is severe, the subsequently occurring

CARS is inevitably also severe. Therefore, residual cancer

cells might grow up in response to postoperative inflam-

matory cytokine activity and suppressed cellular immunity.

More residual cancer cells would exist in pStage III gastric

cancer patients than in those with pStage II disease;

therefore, we speculate that they may proliferate even

further in response to postoperative inflammation.

Overall, our multivariate analysis demonstrated that

prolonged hyperthermia, age, blood transfusion pathologi-

cal stage, tumor location, and preoperative chemotherapy

were associated with poorer OS and RFS. Our study

revealed prolonged postoperative inflammation could

impact adversely on OS and RFS. Perioperative blood

transfusion was also shown to cause immune dysfunction

and malignant transformation of neoplastic cell [24], and

such phenomena could contribute to the poor prognosis

observed in this study. Preoperative chemotherapy might

also be associated with more advanced disease at initial

diagnosis, leading to poor OS and RFS.

The limitations of the present study include its retro-

spective nature, being conducted at a single institution, and

the assessment of inflammation. We used body temperature

and leukocytosis to decide presence of inflammation;

however, these parameters are also affected by some drugs

and the interval between measurements. Since we did not

measure white blood cell count every day, duration of

leukocytosis might not accurately reflect the severity of

inflammation. Additionally, multicollinearity might exist

between prolonged hyperthermia and leukocytosis, and

measuring inflammatory cytokines could be more useful

for assessing inflammation precisely. Our multivariate

analysis also ruled out the impact of adjuvant chemother-

apy as an independent prognostic factor; however, the

indications and regimens of adjuvant chemotherapy were

not established before the ACTS-GC trial started [14].

Therefore, it was not feasible to investigate the influence of

adjuvant chemotherapy on recurrence or survival in

association with postoperative inflammation in the present

study.

In conclusion, postoperative prolonged hyperthermia

and leukocytosis in terms of persistent inflammation were

associated with poorer OS and RFS, specifically for pStage

III gastric cancer patients.
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