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ABSTRACT

Background Postoperative inflammation is associated
with cancer progression in several cancers. However,
the prognostic significance of postoperative fever
remains unclear in gastric cancer patients.

Methods We enrolled 442 patients with a histo-
pathological diagnosis of gastric adenocarcinoma who
underwent curative surgery.

Results The mean duration of postoperative fever >
37°C was 8.7 days (range: 0—186 days) and significantly
longer in patients with advanced gastric cancer, venous
invasion, and open or total gastrectomy vs. patients with
early gastric cancer (P = 0.0072), no venous invasion
(P = 0.025), laparoscopic gastrectomy (P = 0.027), and
either proximal or distal partial gastrectomy (P = 0.0015).
Five-year overall survival rates were 69.5% vs. 83.6% in
the prolonged postoperative fever group (> 6 days of >
37°C) vs. the nonprolonged group (< 6 days of > 37°C),
respectively (P = 0.0008). In patients without Clavien-
Dindo classification postoperative infectious complica-
tions grade > 2, S5-year overall survival was 69.7% vs.
84.0% in patients with prolonged postoperative fever vs.
those without, respectively (P = 0.0067). Five-year dis-
ease-specific survival was 85.9% vs. 93.1% in patients
with prolonged fever vs. those without, respectively (P =
0.041). Multivariate analysis indicated that postoperative
fever was an independent prognostic indicator.
Conclusion Postoperative fever > 37°C duration
may be useful in predicting prognosis in gastric cancer
patients.
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Gastric cancer is one of the most common malignan-
cies. Although recent progress in chemotherapy for
gastric cancer has improved the prognosis for unresect-
able advanced and recurrent gastric cancer patients, it
ranks third among all cancer-related deaths worldwide.!
Therefore, more progress in diagnosis and treatment
is required to improve the prognosis for patients with
gastric cancer.

Gastrectomy with regional lymph node dissection
is the mainstay of gastric cancer treatment to achieve
cure. However, many patients with gastric cancer
experience recurrence even after complete tumor
removal (RO resection). Early detection of recurrence
may contribute to survival after curative gastrectomy
for gastric cancer.”? Recurrence occurs because of the
existence of micrometastases that cannot be detected by
standard diagnostics, including ultrasonography, com-
puted tomography, and positron emission tomography.
Therefore, it is extremely important to select gastric
cancer patients with a high possibility of recurrence
after curative gastrectomy and to perform extensive
follow-up to improve patients’ prognosis. To this end, it
is indispensable to have useful prognostic indicators.

Accumulating evidence indicates that cancer pa-
tient’s inflammation status is associated with prognosis.
Postoperative fever is a host response to inflammation
induced by surgery; therefore, it is likely that evaluating
postoperative fever helps predict patients’ prognosis.
A small number of studies have investigated the prog-
nostic value of postoperative fever in breast cancer [3,
6] and colorectal cancer [7-9]; however, the prognostic
significance of postoperative fever remains unclear
in gastric cancer patients. In this study, we aimed to
investigate the prognostic value of postoperative fever
in gastric cancer patients after radical gastrectomy.

MATERIALS AND METHODS

Patients

This study involved a retrospective analysis of 442 gas-
tric adenocarcinoma patients who underwent curative
gastrectomy (RO resection) at our institution between
January 2001 and April 2013. Clinicopathological
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findings were determined according to the Japanese
Classification of Gastric Carcinoma.? All patients
underwent either distal partial, proximal partial, or
total gastrectomy with regional lymph node dissection.
Fourteen patients received neoadjuvant chemotherapy,
and 67 patients received adjuvant chemotherapy. No
patients underwent radiation therapy. In principle,
early GC patients visit our outpatient clinic every 6
months for the first 2 years and every 12 months for
3 years following the operation. They take blood test
including tumor markers (carcinoembryonic antigen
and carbohydrate antigen 19-9) every time and esopha-
gogastroduodenoscopy and computed tomography
once every 12 months. Advanced GC patients visit our
outpatient clinic every 3 months for the first 2 years
and every 6 months for 3 years following the operation.
They also take a blood test including tumor markers
every time and esophagogastroduodenoscopy and
computed tomography once every 6 months. Causes of
death and patterns of recurrence were determined by
reviewing medical records, including laboratory data,
ultrasonography, computed tomography, scintigrams,
peritoneal punctures, and laparotomies, or by direct
inquiry of family members. Body temperature was
measured with an axillary thermometer at least four
times a day after surgery, and the highest one was used
in the analysis. In principal, an antipyretic was given
with fever > 38°C. Serum albumin (Alb) concentration
and total neutrophil count (NC), platelet count (PC), and
lymphocyte count (LC) of the peripheral blood were
measured within the month before surgery. The PNI
was calculated as follows: 10 x Alb concentration +
0.005 x total LC. Neutrophil to lymphocyte ratio (NLR)
and platelet to lymphocyte ratio (PLR) were calculated
by dividing the NC and PC by LC, respectively. The
Institutional Review Board of our institution approved
this study (17A147), and the need for informed consent
was waived.

Statistical analysis

We evaluated differences between the two groups
using the Mann—Whitney U-test. Youden’s index was
calculated using receiver operating characteristic (ROC)
analysis to determine optimal cutoffs for postoperative
fever duration in the survival analysis. Survival curves
were calculated according to the Kaplan—Meier method.
Differences between the curves were identified using
the log-rank test. We performed multivariate analysis of
factors considered prognostic for overall survival with
Cox’s proportional hazards model and a stepwise pro-
cedure. The covariates included in multivariate analysis
were age, sex, tumor size, histology, depth of invasion,

lymph node metastasis, lymphatic involvement, venous
involvement, approach, lymph node dissection, type of
gastrectomy, postoperative fever > 37°C duration, NLR,
and PLR. A P-value < 0.05 was considered statisti-
cally significant. We used GraphPad Prism (GraphPad
Software, Inc., La Jolla, CA) and Stat View (Abacus
Concepts, Inc., Berkeley, CA) software for the statistical
analyses.

RESULTS

We first determined the prognostic significance of
postoperative fever duration and maximum postopera-
tive temperature. We performed a ROC analysis for
overall survival and compared the area under the curve
(AUC) values to assess the discriminatory ability of
postoperative fever duration and maximum postopera-
tive temperature. The AUC of postoperative fever >
37°C duration was 0.6168 (P = 0.00016, 95% confidence
interval: 0.5569—-0.6766; Fig. 1a), which was higher than
the AUC of postoperative fever > 37.5°C duration (Fig.
1b), postoperative fever > 38.0°C duration (Fig. 1c), or
maximum postoperative temperature (Fig. 1d), indicat-
ing that postoperative fever > 37°C duration was more
useful than the other indicators to predict prognosis for
gastric cancer patients.

Figure 2 shows the histogram of postoperative fever
duration. The mean postoperative fever > 37°C duration
was 8.7 days (range: 0—186 days). Table 1 shows the
correlation between postoperative fever > 37°C dura-
tion and patients’ clinicopathological characteristics.
Postoperative fever > 37°C duration was significantly
longer in patients with advanced gastric cancer, venous
invasion, and open or total gastrectomy compared with
those with early gastric cancer (P = 0.0072), no venous
invasion (P = 0.025), laparoscopic gastrectomy (P =
0.027), and either proximal or distal partial gastrectomy
(P =10.0015). We then determined the correlation
between the postoperative fever > 37°C duration and
some prognostic indicators, including NLR, PLR, and
PNI. The NLR were 2.6 = 15 and 2.4 £+ 1.5in patients
with prolonged fever and those without prolonged fever,
respectively (P = 0.1). The PLR were 171.9 + 85.7 and
154.8 £ 81.5 in patients with prolonged fever and those
without prolonged fever, respectively, and the difference
was statistically significant (P = 0.024). The PNI was
significantly lower in patients with prolonged fever (47.2
+ 6.0) than those without prolonged fever (49.2 = 6.1; P
=0.0001).

We next determined the correlation between post-
operative fever > 37°C duration and prognosis in gastric
cancer patients. ROC analysis revealed an optimal cut-
off value of postoperative fever > 37°C duration for
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Fig. 1. Comparison of the areas under the receiver operating curves for outcome prediction
(a) Duration of postoperative fever > 37°C, (b) duration of postoperative fever > 37.5°C, (¢) duration of postoperative fever > 38°C, and (d)

maximum postoperative fever values.

overall survival of 5.5 (AUC = 0.6168, P = 0.00016).
Based on these results, we divided patients into the fol-
lowing groups: prolonged postoperative fever duration
group (> 6 days at > 37°C, n = 210) and a nonprolonged
postoperative fever group (< 5 days at > 37°C, n = 232).
The usages of anti-inflammatory analgesic, such as
non-steroidal anti-inflammatory drugs (NSAIDs) or
acetaminophen, after operation were 6.1 + 9.5 and 3.4 +
5.0 in prolonged postoperative fever duration group and
nonprolonged postoperative fever group, respectively,
and the difference was statistically significant (P =
0.0004). The postoperative fever > 38°C durations was
0.72 + 0.83 days vs. 2.3 £ 4.1 days in nonprolonged
postoperative fever group vs. prolonged postoperative
fever group, respectively (P < 0.0001). Furthermore,
maximum postoperative temperature was 38.0 +
0.56°C vs. 38.4 + 0.63°C in nonprolonged postoperative
fever group vs. prolonged postoperative fever group,

284

respectively (P < 0.0001).

Five-year overall survival (OS) rates were 69.5% vs.
83.6% (prolonged postoperative group vs. nonprolonged
postoperative fever group, respectively) and the differ-
ence was statistically significant (P = 0.0008, Fig. 3a).
Five-year disease specific survival (DSS) rates were
85.7% vs. 92.1% (prolonged postoperative group vs.
nonprolonged postoperative fever group, respectively)
and the difference was statistically significant (P = 0.032,
Fig. 3b). With regard to the correlation between prog-
nosis and postoperative fever > 37°C duration in each
stage of disease, statistically differences in OS between
prolonged postoperative group and nonprolonged post-
operative fever group were observed in both stage I (P
= 0.0046, Fig. 4a) and stage I1 / III (P = 0.046, Fig. 5a).
Furthermore, statistically differences in DSS between
prolonged postoperative group and nonprolonged post-
operative fever group were also observed in both stage
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Fig. 2. Histogram of postoperative fever > 37°C duration.

1 (P =0.0088, Fig. 4b) and stage II / I1I (P = 0.023, Fig.
5b). Multivariate analysis indicated that postoperative
fever > 37°C duration was an independent prognostic
indicator (Table 2).

Among the 442 patients included in this study, 85
patients (19.2%) developed Clavien—Dindo classification
infectious complications grade > 2. Five-year OS was
69.0% vs. 78.3% in patients with infectious complications
grade > 2 vs. those without infectious complications
grade > 2, respectively; the difference was statistically
significant (P = 0.029). Postoperative fever duration
was 20.5 £+ 27.5 days vs. 5.9 + 4.8 days in patients with
infectious complications grade > 2 vs. those without
infectious complications grade > 2, respectively; the dif-
ference was statistically significant (P < 0.0001, Fig. 6).

Because it is likely that the presence of postopera-
tive complications worsened prognosis in the prolonged
postoperative fever group, we then determined the
prognostic significance of postoperative fever in patients
without postoperative infectious complications. Five-
year OS was 69.7% vs. 84.0% in patients with prolonged
fever vs. those without prolonged fever, respectively, and
the difference was statistically significant (P = 0.0067,
Fig. 7a). Five-year DSS was 85.9% vs. 93.1% in patients
with prolonged fever vs. those without prolonged fever,
respectively, and the difference was statistically signifi-
cant (P = 0.041, Fig. 7b).

DISCUSSION

It is widely accepted that inflammation plays a role in
tumor pathogenesis, and that an inflammatory micro-
environment is an essential component of all tumors.*
A recent study also demonstrated that postoperative in-
flammation worsened the prognosis of cancer patients.’
In routine clinical settings, some serum markers, such
as C-reactive protein (CRP) and white blood cell, neu-
trophil, and thrombocyte counts, are used to evaluate
patients’ inflammation status. Other indicators, includ-
ing NLR and PLR have also been developed to evaluate
inflammation status. Postoperative values of these
serum markers and indicators are closely associated
with prognosis in cancer patients.> ® We also previously
reported that postoperative neutrophil-lymphocyte ratio
measured 1 month after operation was significantly cor-
related with prognosis in gastric cancer patients.’

Fever is a simple and useful indicator to evaluate
patients’ inflammation status and is easier and more
noninvasive than measuring serum markers. However,
the prognostic significance of fever remains unclear
in gastric cancer patients. Regarding the correlation
between prognosis and fever, Yan et al. demonstrated
that postoperative fever was an independent prognostic
factor for relapse-free survival in node-negative breast
cancer patients.® They defined fever as an oral tempera-
ture > 38°C in one week postoperation, which was simi-
lar to other reports.’ Feng et al. reported that duration of
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Table 1. Relationships between the duration of postoperative fever (2 37 degree) and clinicopathological vari-

ables in patients with gastric cancer

Variable Postoperative fever > 37°C duration [mean = SD (days)] P value

Age (years) 0.53
<70 (n=216) 7.8 +11.0
>70 (n=226) 95+16.3

Sex 0.95
Male (n = 326) 93+15.8
Female (n = 116) 71+6.1

Tumor size 0.11
<4 cm (n=279) 8.0+ 14.1
>4 cm (n=163) 9.8+ 137

Histology 0.68
Differentiated (n = 241) 82+119
Undifferentiated (n = 201) 93+16.2

Depth of invasion 0.0072
T1 (n=282) 79 +14.0
T2/T3/T4 (n = 160) 10.0+13.8

Lymph node metastasis 0.081
Absent (n = 340) 83+145
Present (n = 102) 9.8+12.1

Lymphatic involvement 0.086
Absent (n = 184) 71+74
Present (n = 258) 9.8+17.1

Venous involvement 0.025
Absent (n =230) 6.9+7.1
Present (n =212) 10.6 + 18.6

Stage of disease 0.073
1(n=308) 8.1+13.8
I/ (n = 134) 10.0+14.5

Approach 0.027
Open (n =254) 92+152
Laparoscopy (n = 188) 8.1+15.8

Lymph node dissection ? 0.69
DO/ 1 (n=303) 9.0+ 157
D2 and more (n = 139) 8.1+91

Gastrectomy 0.0015
Total (n =95) 11.4+170
Proximal and distal (n = 347) 79+13.0

2 Lymph node dissection: D0-D2, extent of lymph node dissection.

fever > 38°C for over 48 h, but not less than 48 h, was
significantly associated with poorer prognosis in gastric
cancer patients,'? indicating that fever duration might
be also important when considering the correlation
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between fever and prognosis. In our study, we first
determined the prognostic significance of postoperative
fever duration and maximum postoperative tempera-
ture. ROC analysis for OS indicated that the AUC of
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Fig. 3. (a) Overall survival curves based on postoperative fever > 37°C duration. (b) Disease specific survival curves based on postop-
erative fever > 37°C duration.
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Fig. 4. Survival curves based on postoperative fever > 37°C duration in stage [ patients. (a) Overall survival curves, (b) Disease specific
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Table 2. Multivariate analyses of factors prognostic of overall survival in patients with gastric cancer

Variable P value HR 95% CI
Age (years) <0.0001 1.063 1.043-1.084
Tumor size (cm) 2 0.0012 1.119 1.046-1.197
Lymph node metastasis (NO-N3) ® 0.021 1.28 1.037-1.579
Lymphatic involvement (Ly0-3) © 0.0047 1.424 1.114-1.821
Duration of postoperative fever (> 6 vs. < 6) 0.0031 1.745 1.206-2.525

2 Continuous variable. ® Lymph node metastasis: N0, no regional lymph node metastasis; N1, metastasis in 1-2 regional lymph nodes;
N2, metastasis in 3—6 regional lymph nodes; N3, metastasis in 7 or more regional lymph nodes. ¢ Lymphatic involvement: Ly0—Ly3,
grade of lymphatic invasion. CI, confidence interval; HR, hazard ratio.
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postoperative fever (> 37°C) duration was 0.6168, which
was higher than that of postoperative fever > 37.5°C
duration, postoperative fever > 38.0°C duration, or
maximum postoperative temperature, indicating that
postoperative fever > 37°C duration was more useful
than the other indicators to predict prognosis in gastric
cancer patients. With regard to the correlation between
postoperative fever > 37°C duration and clinicopatho-
logical characteristics, postoperative fever > 37°C dura-
tion was significantly longer in patients with advanced
gastric cancer than those with early gastric cancer. This
can be explained by the extension of gastrectomy. Our

data indicated that postoperative fever > 37°C duration
was significantly longer in patients who underwent total
gastrectomy than in those who underwent either distal
or proximal gastrectomy. In fact, total gastrectomy was
performed more frequently in patients with advanced
GC than in those with early GC in this study (33.8% vs.
14.5%).

Five-year OS rates were statistically significantly
different between the prolonged- and nonprolonged
postoperative fever groups. Statistically differences
in OS between prolonged postoperative group and
nonprolonged postoperative fever group were also
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observed in both stage I and stage II / III, indicating
that postoperative fever > 37°C duration was a useful
prognostic indicator regardless of stage of disease in
GC patients. In fact, multivariate analysis indicated that
postoperative fever > 37°C duration was an independent
prognostic indicator. Of importance is that NLR and
PLR, which were though to reflect patient’s inflamma-
tion status and were reported to be prognostic indicators
in GC patients, were not independent prognostic indica-
tors in the current study, emphasizing the usefulness
of postoperative fever > 37°C duration as a prognostic
indicator in GC patients.

Postoperative fever > 37°C duration was used
for survival analysis in the current study. This does
not mean that 37°C, which is close to normal body
temperature, has prognostic impact. In this regard,
postoperative fever > 38°C durations was significantly
longer in prolonged postoperative fever group than in
nonprolonged postoperative fever group. Furthermore,
maximum postoperative temperature was significantly
higher in prolonged postoperative fever group than in
nonprolonged postoperative fever group. Therefore, we
think that postoperative fever > 37°C duration is one
of the best indicators to reflect the extent of patient’s
inflammation status.

Postoperative infectious complications induce
prolonged postoperative inflammation. A close correla-
tion between postoperative infectious complications
and poor prognosis has been reported in extrahepatic
biliary malignancies,'! hepatocellular carcinoma,'?
esophageal cancer,'® colorectal cancer,'* and gastric

cancer.”® Similarly, the prognosis of gastric cancer pa-
tients with postoperative infectious complications was
significantly worse than for those without postoperative
infectious complications in our study. Our results also
demonstrated that postoperative fever > 37°C duration
was significantly longer in those with postoperative
infectious complications compared with those without
postoperative infectious complications. Therefore, it
is likely that the poor prognosis seen in patients with
prolonged postoperative fever might be secondary to
the presence of postoperative infectious complications.
However, this was not supported in our study because
prolonged postoperative fever was significantly cor-
related with poor prognosis even in patients without
postoperative infectious complications. Saito et al. also
reported that CRP elevation is a more reliable indicator
of survival after gastric cancer surgery than postopera-
tive complication occurrence.®

The detailed mechanisms of the influence of post-
operative fever on prognosis in cancer patients are still
poorly understood. Cytokines appear to play important
roles and have been implicated as pivotal mediators
of the pyrogenic or antipyretic process, including
proinflammatory tumor necrosis factor-alpha, and
interleukin-6 and-1 as well as the anti- inflammatory
interleukin-1 receptor antagonist and interleukin-10.¢
The levels of cytokines with opposite function deter-
mine the occurrence and magnitude of fever. Surgical
and anesthetic stress may elicit an imbalance between
pro- and anti-inflammatory cytokines leading to fever. !¢
Several reports demonstrated a stimulatory role for
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tumor necrosis factor-alpha, and interleukin-1 and -6 in
the proliferation of breast tumors.!” Therefore, elevated
expressions of these proinflammatory cytokines might
cooperate to exacerbate pre-existing subclinical lesions
and promote recurrence and death in patients with post-
operative fever. This may explain the detrimental effect
of fever on prognosis in our study. Further investigations
regarding the detailed mechanisms of how postoperative
fever affects the prognosis of gastric cancer patients are
urgently required.

We have demonstrated that postoperative fever
duration is useful in predicting the disease specific
prognosis of stage I GC patients in this study. Therefore,
the postoperative fever duration can be used to identify
the patients with high possibility of recurrence who
might need intensive follow-up for early detection of
recurrence. The Japanese Gastric Cancer Treatment
Guideline recommends adjuvant chemotherapy with
S-1 for a year in stage II/II1 GC patients who underwent
gastrectomy with D2 lymph node dissection based on
the results of the Adjuvant Chemotherapy Trial of TS-1
for Gastric Cancer (ACTS-GC)."® Since the postopera-
tive fever duration was also useful in predicting the
disease specific prognosis of stage II / III GC patients
who were candidates of adjuvant chemotherapy, it can
be also used to identify the patients with high possibility
of recurrence who might need more intensive adjuvant
chemotherapy to prevent recurrence.

NSAIDs or acetaminophen can lower the body
temperature. Because there was a close correlation
between prolonged postoperative fever and poor
prognosis in the current study, it might be possible that
prophylactic usage of those drugs improve the prognosis
of GC patients. Furthermore, it might be important for
surgeons to try to minimize the postoperative inflam-
matory response to improve prognosis. In this regard,
laparoscopic surgery might be one of the ways to mini-
mize the postoperative inflammatory response because
postoperative fever > 37°C duration in patients who un-
derwent laparoscopic surgery was significantly shorter
than that in those who underwent open surgery in this
study. These ideas must be confirmed in a prospective
randomized controlled trial.

Our study has certain limitations. First, because
it was retrospective, it was subject to bias. Second, we
used 6 days as a cut-off value for postoperative fever >
37°C based on the ROC analysis; however, the optimal
cut-off value for postoperative fever duration remains
unclear. Third, the number of patients included in our
study was small, and the results must be confirmed in a
large-scale, prospective, randomized, controlled trial.

In conclusion, our study suggested the potential
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of prolonged postoperative fever to predict prognosis
in gastric cancer patients. Because postoperative fever
can be measured quickly, easily, and noninvasively, it
may be a useful prognostic marker in routine clinical
settings.
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