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Abstract

Background Surgical resection is the mainstay of treatment for patients with gastric cancer (GC). Development of a
simple, high-performance, integrated scoring system is needed to provide appropriate management. This study aimed
to evaluate predictive values of the systemic inflammation score (SIS) for short- and long-term outcomes of patients
who underwent surgery for GC.

Methods A total of 187 patients who underwent gastrectomy for pT2—-4 GC without preoperative treatment were
analyzed. SIS was formulated based on serum albumin level and lymphocyte—monocyte ratio, and graded into SIS O,
1, and 2.

Results Preoperative SIS was significantly associated with incidence of postoperative complications, showing a
stepwise increased incidence in proportion to SIS in the entire cohort and all subgroups according to operative
procedure and disease stage. Overall and disease-free survival times of patients in SIS 0, 1, and 2 shortened in a
stepwise fashion. SIS was linked to prevalence of hematogenous metastasis as initial recurrence site. Survival
differences between patients with SIS 2 and the others were particularly large in patients who underwent adjuvant
chemotherapy. The continuation rate of adjuvant S-1 was lower in the SIS 2 group.

Conclusion SIS represents a simple predictor for incidence of postoperative complications and survival in patients
with pT2-4 GC.

Introduction

Gastric cancer (GC) is one of most common cancers
worldwide, even though the incidence rate is decreasing in
certain regions [1, 2]. Although it is well known that sur-
gery is the most important component of the treatment for
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of ongoing systemic inflammatory responses are associated
with worse prognosis [6, 7]. Accordingly, the predictive
values of several inflammation-nutritional biomarkers and
hematological indices, including C-reactive protein, prog-
nostic nutrition index, neutrophil-lymphocyte ratio, plate-
let-lymphocyte ratio, and lymphocyte—monocyte ratio
(LMR), have been reported for various malignancies [7-9].
Since there is room for improvement in optimized cutoff
values and predictive performance of these markers,
development of simple, high-performance, integrated
scoring systems based on an ordinal variable is desirable.
Recently, a scoring system integrating serum albumin level
and LMR, termed the systemic inflammation score (SIS),
has been proposed and reported to be a potent prognostic
factor in clear-cell renal cell carcinoma and colorectal
cancer [8, 10]. However, to the best of our knowledge,
there have been no reports to date on SIS in patients with
GC.

The aim of this study was to evaluate the clinical sig-
nificance of preoperative SIS for both short- and long-term
outcomes of patients with pT2-4 GC after gastrectomy
with intent to cure and evidence-based postoperative
treatments.

Materials and methods
Patients

Between June 2001 and April 2017, a total of 1093 patients
underwent gastrectomy for GC at the Department of Gas-
troenterological Surgery, Nagoya University. The eligibil-
ity criteria for the current study were (1) pT2-4 GC
according to the TNM Classification of Malignant Tumors,
7th Edition [11], (2) underwent radical gastrectomy with
systematic lymphadenectomy, (3) no preoperative treat-
ment, and (4) sufficient data for analysis. We enrolled 187
patients who fulfilled the criteria. Written informed consent
was obtained from all patients as approved by the Institu-
tional Review Board of Nagoya University. All clinical
data were retrospectively collected from our medical
records. Preoperative blood tests were performed within
3 days before surgery.

Patient management

RO gastrectomy with systematic lymphadenectomy as
defined by the Japanese Gastric Cancer Treatment Guide-
lines was performed [12]. Postoperative complications
were defined as adverse events categorized as Clavien—
Dindo grade II-V [13]. Since 2006, postoperative adjuvant
S-1 monotherapy was recommended for all patients with
stage II/IIT GC unless contraindicated by a patient’s
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condition or refusal [14]. The dose of S-1 was administered
according to body surface area, as follows: <I.25 m?
(80 mg daily), 1.25-1.50 m? (100 mg daily), and >1.50 m?
(120 mg daily) [15]. The S-1 adjuvant chemotherapy was
administered for 4 weeks followed by abstention for
2 weeks. This 6-week cycle was continued for 12 months
unless necessity to terminate arose due to recurrence,
adverse events or patient refusal [16]. Postoperative fol-
low-up included physical examination, laboratory tests,
and imaging diagnostics at least once every 6 months.
Patients underwent enhanced computed tomography of the
chest and abdomen at 6-month intervals and endoscopy at
12-month intervals until 5 years after surgery [12]. The
chemotherapy protocol implemented after recurrence was
determined by the attending physician according to avail-
able evidence, taking into account the patient’s general
condition and with the patient’s consent.

Definition of SIS

SIS was formulated based on serum albumin level (ALB)
and LMR as follows: a score of 0 indicated patients with
ALB > 4.0 g/dL and LMR > 4.44; a score of 1 indicated
those with either ALB < 4.0 g/dL or LMR < 4.44; and a
score of 2 indicated those with both ALB < 4.0 g/dL and
LMR < 4.44 [10].

Statistical analysis

Disease-specific survival, disease-free survival, and S-1
continuation rates were estimated using Kaplan—Meier
curves, and differences were analyzed using the log-rank
test. When calculating disease-specific survival, only gas-
tric cancer-related deaths were counted, and subjects who
died of some other causes were censored. Recurrence-free
survival was defined as the period between the day of
curative gastrectomy and the detection of disease recur-
rence. The y* test and Mann—Whitney test were used to
compare the patient groups. The Cox proportional hazards
model was employed for multivariable analysis, and vari-
ables with p < 0.05 were entered into the final model [17].
Statistical analysis was performed using JMP 10 software
(SAS Institute, Cary, NC, USA). A value of p < 0.05 was
considered statistically significant.

Results
Patients’ characteristics
Demographics and clinical characteristics of the 187

patients are summarized in Supplemental Table 1. Total
gastrectomy was performed to treat 70 patients (37%); 35,
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30, 38, 24, 32, and 28 patients were classified as TNM
stages 1B, IIA, IIB, IIA, IIIB, and IIC, respectively.
Postoperative adjuvant chemotherapy was administered in
88 (47%) patients. The patients were followed for a median
of 45.2 months or until death. Median ALB and LMR were
4.3 g/dL and 4.42, respectively. The numbers of patients
assigned to SIS 0, 1, and 2 were 78, 73, and 36,
respectively.

Comparison of clinicopathological parameters
for each SIS

The association between SIS and -clinicopathological
parameters was evaluated. No significant differences were
found with respect to sex, preoperative body mass index,
tumor location, T factor, lymph node metastasis, and dis-
ease stage (Table 1). By contrast, SIS was significantly
associated with age, macroscopic tumor size, postoperative
complications, and administration of postoperative adju-
vant chemotherapy (Table 1).

Association between SIS and postoperative
complications

Thirty-seven patients (20%) experienced postoperative
complications, including anastomotic leakage in 9 patients
(5%), intra-abdominal abscess in 8 (4%), leakage of pan-
creatic fluids in 7 (4%), pneumonia in 4 (2%), and bowel
obstruction in 3 (2%). The incidence of postoperative
complications tended to be higher in those with hypoal-
buminemia than in those without hypoalbuminemia (27 vs
17%, respectively) and was significantly higher in those
with LMR < 4.44 than in those with LMR > 4.44 (27 vs
13%, respectively; p = 0.018, Fig. 1a). There was a step-
wise increase in the prevalence of postoperative compli-
cations in proportion to SIS (p = 0.043, Fig. 1a). Subgroup
analyses according to operative procedure (total or partial
gastrectomy), and disease stage was conducted to evaluate
the clinical impact of preoperative SIS on short-term out-
comes. The incidence of postoperative complications was
gradually increased in parallel with SIS in all subgroups
(Fig. 1b).

Relevance of preoperative SIS to long-term
outcomes

The median postoperative follow-up periods for each
patients’ subgroup with SIS 0, 1, and 2 were 54.0, 30.4, and
27.0 months, respectively. The disease-specific survival
times of patients in SIS 0, 1, and 2 shortened in a stepwise
fashion (5-year survival rates of 87, 79, and 57%, respec-
tively; p = 0.009, Fig. 2a). On multivariable analysis, SIS
was not identified as an independent prognostic factor for

disease-specific survival (Supplemental Table 2). With
respect to disease-free survival, prognostic impact of con-
stituents of SIS, ALB, and LMR was evaluated in addition
to that of SIS. Patients with hypoalbuminemia had signif-
icantly shorter disease-free survival than those without,
whereas LMR was not significantly associated with sur-
vival differences (Fig. 2b). The disease-free survival had a
graded decrease according to SIS (3-year survival rates of
83, 79, and 61%, respectively; p = 0.024, Fig. 2b). How-
ever, in multivariable analysis, SIS was not identified as an
independent prognostic factor for disease-free survival
(Supplemental Table 3). The overall recurrence rate of
patients with SIS 2 was 36%, significantly higher than in
those with SIS 0/1 (20%) (p = 0.045, Fig. 3). On analyzing
the sites of initial recurrence, SIS was found to be linked
with prevalence of hematogenous recurrences, which in
patients with SIS 0, 1, and 2 was 6, 10, and 19%, respec-
tively (Fig. 3).

Association between SSI and postoperative adjuvant
chemotherapy

We conducted a subgroup analysis of disease-free survival
according to whether postoperative adjuvant chemotherapy
was administered, focusing on patients with stage II/III GC.
In the surgery-alone group, the difference in survival
between patients with SIS 2 and the others was reduced. On
the contrary, the prognosis of patients with SIS 2 was
significantly worse than that of those with SIS 0 and 1 in
the adjuvant chemotherapy group (Fig. 4a). As an attempt
to explain for this finding, we evaluated the continuation
rate of S-1 adjuvant therapy. S-1 continuation rate was
lower in patients with SIS 2 than in those with SIS 0 and 1
(6-month S-1 continuation rates of patients with SIS 0, 1,
and 2 were 82, 72, and 33%, respectively; Fig. 4b).

Discussion

SIS relies on three variables of blood tests, namely ALB,
lymphocyte count, and monocyte count, which can easily
and inexpensively be measured in routine clinical practice
[8, 10]. In 187 patients with pT2—4 GC, preoperative SIS
and its constituent LMR were significantly associated with
incidence of postoperative complications. Of note, a step-
wise increase in the prevalence of postoperative compli-
cations was found in proportion to SIS in the entire cohort
and all subgroups according to operative procedure and
disease stage. With respect to long-term outcomes, overall
and disease-free survival decreased incrementally in rela-
tion to SIS. In particular, the prognostic impact of SIS 2
was evident in patients who received adjuvant
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Table 1 Association between SIS and clinicopathological parameters

Variables SIS 0 (n =178) SIS 1 (n=173) SIS 2 (n = 36) p

Age
<70 year 53 36 9 <0.001
>70 year 25 37 27

Sex
Male 56 61 29 0.202
Female 22 12 7

Cardiovascular comorbidity
Absent 57 45 25 0.317
Present 21 28 11

Diabetes mellitus
Absent 65 61 29 0.919
Present 13 12 7

Preoperative symptom
Absent 47 39 19 0.630
Present 31 34 17

Preoperative BMI
<22 39 35 19 0.892
>22 39 38 17

Tumor location
Entire 2 1 0
Upper third 32 18 10 0.171
Middle third 26 24 13
Lower third 18 30 13

Macroscopic tumor size
<50 mm 61 44 9 <0.001
>50 mm 17 29 27

Type of gastrectomy
Total gastrectomy 31 24 15 0.575
Partial gastrectomy 47 49 21

Postoperative complication®
Absent 68 58 24 0.043
Present 10 15 12

UICC T factor 0.458
pT1 0 0 0
pT2 27 21 7
pT3 26 26 12
pT4 25 26 17

Differentiation
Differentiated 24 33 14 0.185
Undifferentiated 54 40 22

Lymph node metastasis
Absent 27 30 12 0.631
Present 51 43 24

UICC stage
I 17 15 3 0.356
I 27 28 13
I 34 30 20
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Table 1 continued

Variables SIS 0 (n =178) SIS 1 (n=173) SIS 2 (n = 36) P
Adjuvant chemotherapy
Absent 33 25 0.019
Present 45 11

SIS systemic inflammation score, BMI body mass index, UICC Union for International Cancer Control

4Grade II-V of the Clavien-Dindo classification
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Fig. 1 Incidence of postoperative complications. a Patients were categorized by LMR, serum albumin level, and SIS. Morbidity rate increased
along with SIS. b Impact of SIS on postoperative complications according to operative procedure and disease stage. LMR lymphocyte-to-
monocyte ratio, SIS systemic inflammation score. *p < 0.05

chemotherapy, which we attributed to the low compliance
to the chemotherapy.

Chang et al. [10] first developed SIS incorporating ALB
and LMR, and reported that a high preoperative SIS was
significantly associated with aggressive tumor behaviors
and served as an independent prognostic factor in 441
clear-cell renal cell carcinomas. In addition, incorporation
of the SIS into a nomogram successfully predicted post-
operative survival. Suzuki et al. [8] compared predictive
performance between two inflammation-based scores, SIS
and modified Glasgow Prognostic Score, in 727 patients
with colorectal cancer, and found that the time-dependent
receiver-operating characteristics curve of the SIS was

superior to that of the modified Glasgow Prognostic Score
throughout the observation period. In these studies, the
association between SIS and postoperative complications
was not evaluated.

SIS is characterized by a simple and objective marker
presented in an ordinal qualitative variable that may reflect
the balance between host inflammatory and nutritional
status. In fact, SIS was reported to have superior predictive
value over other single parameters such as C-reactive
protein, ALB, and LMR [7, 9, 18]. Accordingly, SIS might
be more effective in patients having the complex of mal-
nutrition and pro-inflammatory status. This background led
us to employ an integrated marker, SIS, in the hope of
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developing a cost-effective marker to identify patients at
high risk of postoperative complications and adverse
prognosis. The association between high SIS (integration
of low ALB, monocytosis, and lymphocytopenia) and the
development of postoperative complications is likely
complex and remains unclear. One plausible explanation is
that a high SIS may reflect combined disadvantages for the
postoperative course, including an inflammatory status and
malnutrition. Pro-inflammatory status leads to compro-
mised cell-mediated immunity and an impaired
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T-lymphocytic response via cytokines [19, 20]. A
decreased lymphocyte-mediated antibacterial immune
reaction may weaken the lymphocyte-mediated antibacte-
rial cellular immune response and contribute to increased
bacterial invasion and growth [21, 22]. Malnutrition is a
major cause of tissue vulnerability, impaired wound heal-
ing, and susceptibility to infection [23, 24]. Eventually the
crosstalk of these complex factors increases the incidence
of postoperative complications.
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With respect to long-term outcomes in patients with
pT2-4 GC, SIS had superiority in detailed stratification and
clear cutoff compared with its constituents, ALB and LMR.
Our findings indicated that SIS may serve as a simple,
preoperatively accessible, and promising prognosticator in
patients with pT2—4 GC, potentially helpful in the decision-
making process regarding appropriate postoperative man-
agement. The underlying biological mechanisms to explain
the link between high SIS (integration of low ALB,
monocytosis, and lymphocytopenia) and adverse prognosis
should be further explored. Impaired nutritional status is
closely related to immune incompetence and leads to
accelerated tumor progression through the suppression of
tumor immunity [25-28]. Recent evidence indicates that
circulating monocytes can be recruited in tumor tissues and

differentiate into tumor-associated macrophages, which
have been reported to be a key player in the tumor
microenvironment, encouraging metastasis and tumor
progression [29, 30]. Lymphocytes can also secrete several
cytokines, such as interferon-y and tumor necrosis factor-o,
to control tumor growth and improve the prognosis of
cancer patients, while the decreased lymphocyte count and
function will impair cancer immune surveillance and
defense [6, 18, 31]. SIS might reflect this complex situation
in a well-balanced state. Another important finding of the
present study is the influence of SIS on tolerability of
postoperative adjuvant chemotherapy. Decreased tolerance
to adjuvant chemotherapy is at least one of the reasons for
the inferior long-term outcome in the SIS 2 group. More-
over, it has been reported that postoperative complications

@ Springer



3284

World J Surg (2018) 42:3277-3285

adversely affect long-term outcomes of patients with gas-
tric cancer [32]. Association between SIS and incidence of
postoperative complications is also a possible reason for
poor prognosis in the SIS 2 group.

To translate our findings into clinical practice, we need
to clarify whether preoperative modification of SIS by anti-
inflammatory treatment and nutritional support reduces the
adverse effect on the postoperative course. Several clinical
trials demonstrated that preoperative enteral alimentation
for malnourished surgical patients with gastrointestinal
cancers improves postoperative outcomes through signifi-
cant elevations of ALB and lymphocyte counts [33-35].
Moreover, nutritional supportive care and intensive
symptomatic treatment for adverse effects may enhance the
tolerability of adjuvant chemotherapy in patients with high
SIS. Prospective clinical trials evaluating the efficacy of
anti-inflammatory treatment and nutritional support based
on SIS are warranted.

The present study included several limitations. We were
unable to eliminate potential selection bias, as this was a
small, single-center retrospective study without external
validation. Statistical power was limited by the relatively
small sample size, particularly in subgroup analyses.
Moreover, lack of postoperative SIS data might limit our
deliberation on the influence of SIS on the tolerability and
efficacy of adjuvant chemotherapy. Nevertheless, it is
worth noting that our study is the first to evaluate the
significance of SIS in both short- and long-term outcomes
of GC patients.

Conclusion

Our results indicated that SIS can predict the incidence of
postoperative complications and survival in patients with
pT2-4 GC after radical gastrectomy. SIS is inexpensive
and can be routinely performed in the clinical setting and
hence can potentially provide readily available and objec-
tive information to help clinicians estimate postoperative
short- and long-term outcomes.
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