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Abstract
Background

Systemic in�ammation has been reported to be associated with cancer progression and metastasis.
Systemic in�ammation score (SIS), calculated from preoperative serum albumin level and lymphocyte-to-
monocyte ratio, has been shown to be a novel prognostic factor for several types of tumors. This study
aimed to evaluate the prognostic value of the SIS in patients with pT2-4 resectable gastric cancer (GC).

Methods

Total 97 patients with pT2-4 GC who underwent curative surgery between 2009 and 2015 in Fukushima
Medical University Hospital were included. We performed univariate and multivariate analyses to evaluate
the usefulness of preoperative SIS and other prognostic factors for relapse-free survival (RFS) and overall
survival (OS).

Results

The higher SIS score was associated with undifferentiated cancer and recurrence. Univariate analysis of
RFS identi�ed deeper tumor invasion and higher SIS were signi�cant risk factors and multivariate
analysis revealed that both of them were independent prognostic factors for RFS. As for OS, age, tumor
invasion, SIS and LNR were signi�cantly correlated with RFS. In multivariate analysis, tumor invasion, SIS
and LNR were independent prognostic factors for OS.

Conclusions

SIS was an independent prognostic factor for RFS and OS in pT2-4 resectable gastric cancer patients
who underwent curative gastrectomy. 

Background
Gastric cancer (GC) is the third most common cause of cancer death worldwide [1]. Despite signi�cant
improvements in the therapies for GC patients, the survival of patients with advanced GC still remains
poor [2] [3]. By far, several prognostic models have been used to predict prognosis for GC patients.
However accurate prediction of individual survival remains controversial. 

In addition to local in�ammatory reaction, cancer patients often exhibit systemic in�ammatory response,
such as changes in peripheral blood cell counts and C-reactive protein (CRP), decreased hemoglobin and
serum albumin (Alb) levels [4, 5]. Systemic in�ammation has been reported to play a critical role in cancer
progression and metastasis, and its interactions with host-tumor are currently recognized as the seventh
hallmark of cancer [6] [7] [8] [9]. Accordingly, prognostic factors based on the several ratios of the
circulating blood cells, such as neutrophil-to-lymphocyte ratio (NLR)[10], lymphocyte-to-monocyte ratio
(LMR)[11], Lymph node ratio (LNR) [12] [13], CRP-to-albumin ratio (CAR)[14, 15], modi�ed Glasgow
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Prognostic Score (mGPS)[16, 17], have been developed and reported to be associated with poor survival
in cancer patients.  

Systemic in�ammation score (SIS), based on the preoperative serum albumin level and LMR, was
reported to be a prognostic marker for clear cell renal cell carcinoma (ccRCC) and colorectal cancer [18,
19]. Recently, some papers have reported on the association between SIS and poor prognosis in GC
patients as well [20-23]. However, the prediction of GC prognosis by SIS is not yet common and further
evidence needs to be accumulated. 

The purpose of this study was to evaluate the clinical signi�cance of preoperative SIS for relapse-free
survival (RFS) and overall survival (OS) of GC patients with curative gastrectomy, compared to other
prognostic biomarkers.

Methods
Patients

This retrospective study recruited GC patients who were curatively resected at Fukushima Medical
University Hospital between January 2009 and September 2015. The inclusion criteria were the following:
(a) pT2-4 advanced GC according to the Japanese Classi�cation of Gastric Carcinoma, the 15th Edition
[24] and (b) curatively resected with systemic lymphadenectomy. The exclusion criteria were the
following: (a) neoadjuvant chemotherapy, (b) distant metastasis, (c) multiple cancer and (d)
hematological disorder. Finally, 97 GC patients were included in this study. All clinical data were
retrospectively collected from medical records. 

De�nition of prognostic markers

The patients’ blood tests were performed before surgery. These included the lymphocyte count, monocyte
count, platelet count, serum Alb and CRP levels. 

LNR was de�ned as the ratio of positive divided by the total number of examined nodes [25]. mGPS was
determined by serum Alb and CRP levels was de�ned based on the previously studies [17]. SIS was
formulated according to serum 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 [18] (Table 1). CAR and LNR were divided into
two groups by median, and the median (interquartile range) of each factor was 0.03 (0.01-0.09) and
0.067 (0.020-0.152). mGPS and SIS were also classi�ed into two groups by scores. 

Table.1 De�nition of modi�ed Glasgow Prognostic Score (mGPS) and Systemic In�ammation Score (SIS)
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follow-up investigation

All patients received postoperative follow-up every 3 months up to 2 years and every 6 months during 3-5
years after surgery and annually afterward. The routine follow-up included physical examinations,
laboratory tests, enhanced CT and annual upper gastrointestinal endoscopy. Relapse free survival (RFS)
and Overall survival (OS) were de�ned as the interval from the date of surgery to the date of recurrence
and death from any cause, respectively. 

Statistical analysis

Fisher’s exact test was used to compare patient groups. Survival curves were plotted by the Kaplan-Meier
method, and signi�cance was determined by the log-rank test. Univariate and multivariate analysis were
performed with the Cox proportional hazards model. 

A two-sided P-value less than 0.05 was considered to be statistically signi�cant. All statistical analysis
was performed using SPSS 26 (IBM Corporation) or GraphPad Prism v6.04 (Graphpad Software Inc.) 

Results
Patient characteristics according to the SIS score

Totally, 97 GC patients were included in this study. The clinicopathological characteristics of the patients
were shown in Table 2. There were 69 (71.1%) males and 28 (28.9%) females. The median age was 68.7
years (range 31-90 years). All parameters except patient’s age were divided into two groups. No
signi�cant differences between SIS 0-1 and SIS 2 were observed with respect to age, gender, tumor
invasion, lymph node metastasis, lymphatic invasion, vascular invasion, administration of adjuvant
therapy and surgical procedure. The high SIS score was signi�cantly correlated with undifferentiated
cancer and recurrence.  

Table 2. Association between the systemic in�ammation score (SIS) and clinicopathological �ndings
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Survival analysis for prognostic impact of SIS on RFS and OS.

The median follow-up time of patients was 1860 days (range 33-3319 days). From the Kaplan-Meier
survival curve, higher SIS scores was signi�cantly associated with poorer RFS and OS (Fig.1). Table 3
shows the results of univariate and multivariate analyses for RFS. Univariate analysis demonstrated that
tumor invasion and SIS score, but not other scores, were signi�cantly correlated with RFS. Also, in
multivariate analysis, tumor invasion [HR=3.212, 95% CI=1.231-8.382] and SIS [HR=2.683, 95% CI=1.104-



Page 7/14

6.517] were signi�cantly associated with RFS. Regarding OS, age, tumor invasion, SIS score and LNR
were associated with OS in univariate analysis. Multivariate analysis revealed a signi�cant association
between OS and age [HR=3.246, 95% CI=1.340-7.858, p=0.009], tumor invasion [HR=4.650, 95% CI=1.938-
11.156, p=0.001], SIS score [HR=3.273, 95% CI=1.478-7.247, p=0.003] and LNR score [HR=4.832, 95%
CI=1.893-12.332, p=0.001] (Table 4). Whereas, other prognostic scores, including mGPS and CAR, were
not shown to be independent predictive factor for OS.

Table 3. Univariate and multivariate analysis of clinicopathologic variables in relation to RFS 

Table 4. Univariate and multivariate analysis of clinicopathologic variables in relation to OS
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Discussion
We analyzed 97 patients with pT2-4 advanced GC who underwent curative surgery. Preoperative SIS was
correlated with histologic type and recurrence. In addition, we demonstrated that relapse-free and overall
survival were signi�cantly poorer in higher SIS score group in multivariate analysis.

Many studies have shown that systemic in�ammation and nutrition are related to the outcomes of cancer
patients [6, 26]. The SIS, which is based on the combination of preoperative LMR and serum Alb, was
reported to have prognostic value in several malignancies. Low LMR levels means low lymphocyte and
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high monocyte counts in the blood. Low lymphocyte counts indicate the suppressed immune surveillance
and can lead to cell proliferation, invasion and metastasis of cancer [27], whereas, tumor-associated
macrophages, differentiated from monocyte, had been reported to contribute the tumor invasion,
metastasis and therapeutic resistance in cancer [28] [29]. Therefore, several studies had reported that
preoperative LMR was correlated with prognosis in various cancers [11, 30]. Serum albumin level is not
an indicator of nutritional status, but also systemic in�ammation response [26]. Low serum albumin level
had also been reported to be related with poor prognosis in many types of cancer [31] [32].

Recently, several studies reported the usefulness of SIS in gastric cancer. Sato et al. showed that SIS can
predict the incidence of postoperative complications and survival in pT2-4 GC patients after gastrectomy
[22]. Ma et al. retrospectively calculated preoperative SIS in all Stage GC patients, in which SIS can predict
5-year OS better than NLR and maintained the predictive accuracy superiority throughout the observation
period [23]. According to the report by Chen et al., preoperative SIS exceeded both mGPS and lymphocyte
C-reactive protein score (LCS) in predicting the survival of Stage -  GC patients [20]. In the present study,
we examined SIS score along with mGPS, CAR and LNR and demonstrated the correlation between
systemic in�ammation and the survival of advanced GC patients who underwent curative gastrectomy.
We indicated that SIS was more signi�cant than the other factors, including mSIS, CAR and LNR, in RFS
and was signi�cant along with LNR in OS. To our knowledge, this is the �rst report to show that SIS has a
statistically signi�cant difference in both RFS and OS.

There are some strengths of SIS as a prognostic factor. First, as it can be assessed prior to surgery, it may
help in choosing the treatment for the individual patients. The study of Shoka et al. indicated that
preoperative SIS was a signi�cant predictor of postoperative pneumonia in GC patients [33].
Consideration of the need for preoperative nutritional management and complication control may reduce
perioperative complications and improve prognosis. Second, SIS can be assessed readily and repeatedly
because it is based on peripheral blood samples. In perioperative analysis, Hara et al. reported that SIS at
one month after surgery could predict the tumor recurrence and survival of patients with Stage -  GC [21].
Further studies are needed because SIS might be a predictor of recurrence and prognosis even during
postoperative follow-up.

The strategies for perioperative chemotherapy for gastric cancer vary from country to country and still
controversial. According to the Japanese gastric cancer treatment guidelines, adjuvant chemotherapy is
recommended for Stage /  GC patients [34]. In terms of neoadjuvant chemotherapy, several clinical trials
have been conducted in Japan, but the evidence is limited and does not lead to clear recommendations
[34] [35]. The advantages of neoadjuvant chemotherapy include possibility to administer chemotherapy
more intensively, but the disadvantages include the di�culty of accurate preoperative diagnosis, the
possibility of becoming unresectability due to cancer growth during chemotherapy and increased
postoperative complications. Adjuvant chemotherapy can be given after accurate diagnosis by
histopathological �ndings, but there is a possibility that adjuvant chemotherapy cannot be performed due
to deterioration of the general condition or complications after surgery. Although further studies are
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needed to determine the optimal treatment strategy, prognostic factors such as SIS might be important to
determine the treatment strategy.

Our study has several limitations. First, it was a retrospective and single-center study. Thus, it may have
been subject to selection bias. Second, the number of cases in this study was small that the ability to
detect signi�cant difference might be low. Third, the occurrence of perioperative complications was not
examined and may have acted as a confounding factor.

Conclusions
Our study showed that the preoperative SIS may be a signi�cant prognostic factor for advanced GC.
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Figure 1

Kaplan-Meier analysis for relapse-free survival (A) and overall survival (B) according to SIS


