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Abstract. Inflammation has been widely recognized as a
contributor to cancer progression and several inflammatory
markers have been reported as associated with the clinical
outcomes in patients with various types of cancer. Recently,
a novel inflammatory marker, the systemic inflammatory
score (SIS), which is based on a combination of the
lymphocyte-to-monocyte ratio (LMR) and the serum albumin
concentration has been reported as a useful prognostic marker.
The aim of the present study was to assess the prognostic value
of the SIS in patients with unresectable metastatic colorectal
cancer (mCRC). The retrospective cohort study included
160 patients who underwent combination chemotherapy for
unresectable mCRC between January 2008 and December 2016.
The SIS was used to classify the patients into three groups based
on their LMR and the serum albumin concentration. Patients
with high-LMR and high serum albumin level were given a
score of 0; patients with low-LMR or low serum albumin level
were given a score of 1; patients with low-LMR and low serum
albumin level were given a score of 2. There were significant
differences in the overall survival among the three SIS groups
and the SIS was an independent prognostic factor for the overall
survival. Although the SIS was significantly associated with the
overall survival rate even when using the original cut-off values,
the SIS according to the new cut-off values had a more accurate
prognostic value. The present study determined that the SIS
was a useful biomarker for predicting the survival outcomes in
patients with unresectable mCRC, although the optimum cut-off
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value of the SIS according to the patients' background needs to
be examined in further studies.

Introduction

Inflammation is known to contribute to cancer progres-
sion (1,2), and several inflammatory markers, such as
the neutrophil-to-lymphocyte ratio (NLR), the lympho-
cyte-to-monocyte ratio (LMR) and the Glasgow prognostic
score (GPS) have been reported to be associated with clinical
outcomes in patients with various types of cancer, including
colorectal cancer (3-8). Recently, a new inflammatory marker,
the systemic inflammatory score (SIS), based on the combi-
nation of the LMR and the serum albumin concentration has
been reported to be a useful prognostic marker in patients
with clear-cell renal cell carcinoma, colorectal cancer and oral
cavity squamous cell carcinoma (9-11).

However, there are only a few reports on the SIS, and the
prognostic value of the SIS in patients with unresectable meta-
static colorectal cancer (mMCRC) remains unclear. In addition,
the optimum cut-off value may change depending on the type
of cancer and stage and merits further study.

This study aimed to evaluate the prognostic value of the
SIS and to determine its optimum cut-off value in patients
with unresectable mCRC who underwent chemotherapy.

Materials and methods

Patients. This retrospective cohort study included 160 patients
who underwent combination chemotherapy for unresectable
mCRC at the Department of Surgical Oncology of Osaka
City University (Osaka, Japan) between January 2008 and
December 2016.

Methods. Blood samples were collected within one week prior
to the initiation of chemotherapy. We analyzed the differential
white blood cell count using an XE-5000 hematology analyzer
(Sysmex, Kobe, Japan) based on the manufacturer's protocol.
The LMR was calculated by dividing the absolute number of
circulating lymphocytes by the absolute number of circulating
monocytes. We assessed the serum albumin concentrations
by a chemiluminescent immunoassay (Wako, Osaka, Japan)
according to the manufacturer's protocol. The SIS was defined
according to the methods of a previous report (9), using the
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combination of the LMR and the serum albumin concentration:
patients with LMR >4.44 and serum albumin level >4.0 g/dl
were given a score of 0; patients with LMR =<4.44 or serum
albumin level <4.0 g/dl were given a score of 1; patients with
LMR =<4.4 and 4 serum albumin level <4.0 g/dl were given a
score of 2. The location of the primary tumor was defined as
follows. The oral side of the splenic flexure was termed ‘the right
side’ and the anal side of splenic flexure was termed ‘the left
side’. Furthermore, we defined synchronous and metachronous
metastases as follows. Synchronous metastases were defined as
metastatic lesions that were already confirmed at the time of the
diagnosis of the primary lesion; metachronous metastases were
defined as metastatic lesions that developed after the excision of
the primary tumor, regardless of the period.

Ethical considerations. All patients were informed of the
investigational nature of this study and provided their written
informed consent for the retrospective analysis of their data.
Full ethical approval was granted by the Ethics Committee of
Osaka City University (approval no. 926).

Statistical analysis. The significance of the correlations
between the SIS and the clinicopathological characteristics
were analyzed using the Chi-squared test. Survival curves
were constructed using the Kaplan-Meier method and were
compared using the log-rank test. A multivariate analysis was
performed using a Cox proportional hazards model. All of the
statistical analyses were performed using the SPSS software
program (version 19.0; IBM, Armonk, NY, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Patients' baseline characteristics. The characteristics of the
160 patients in the present study are summarized in Table I.
The study population included 86 male patients and 74 female
patients. The median age of the patients was 65 years (range: 18
to 89). According to the definition of the Eastern Cooperative
Oncology Group performance status (PS), 140 patients were
classified as having a PS of 0, 17 were classified as having a
PS of 1, and 3 were classified as having a PS of 2. A total of
39 patients had primary tumors located on the right side, and 121
had primary tumors located on the left side. One hundred and
seven patients had single-organ metastasis, and 53 multiple
organs affected by metastases. All of the patients underwent
combination chemotherapy with oxaliplatin, irinotecan plus
5-fluorouracil/leucovorin, or a prodrug of 5-fluorouracil as
first-line chemotherapy. The regimens used for all of the patients
in this study were considered to have the same efficacy (12-14).
Seventy-five patients received FOLFOX, 53 received CapeOX,
25 received FOLFIRI, and 7 SOX. A total of 103 patients under-
went chemotherapy combined with molecular-targeted therapy.
The median follow-up period for the surviving patients was
21.8 months (range: 1.2 to 94.0 months). A total of 113 patients
died during the follow-up period.

Correlations between the SIS and clinicopathological factors.
The correlations between the SIS and clinicopathological
factors are shown in Table II. The SIS and clinicopathological
factors did not differ to a statistically significant extent.
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Table I. The patients' baseline characteristics.

Characteristics No. of patients
Median age, years (range) 65 (18-89)
Sex

Male 86

Female 74
Performance status

0 140

1 17

2 3
Location of primary tumor

Right side 39

Left side 121
Histological type

Well, moderately 143

Poorly, mucinous 17
RAS status

Wild type 64

Mutant type 54

Unknown 42
Detection of unresectable tumor

Synchronous 106

Metachronous 54
Number of organs affected by metastasis

One organ 107

Multiple organs 53
Peritoneal dissemination

Negative 125

Positive 35
First-line chemotherapy regimen

FOLFOX 75

CapeOX 53

FOLFIRI 25

SOX 7
Molecular-targeted therapy

Bevacizumab 85

Cetuximab 11

Panitumumab 7

None 57
Lymphocyte-to-monocyte ratio

Median (range) 4.53 (1.25-14.06)
Serum albumin concentration

Median (range) 3.9(2.5-4.9)
Systemic inflammatory score

0 46

1 68

2 46

Prognostic significance of the SIS according to the original
cut-off values defined in the previous report. The median
overall survival time was 31.6 months in those with a SIS of



668

ONCOLOGY LETTERS 16: 666-672, 2018

Table II. The correlations between the SIS and the clinicopathological factors.

SIS
Clinicopathological factor 0 (n=46) 1 (n=68) 2 (n=46) P-value
Age 0.385
<65 years 27 31 24
=65 years 19 37 22
Sex 0.718
Male 23 39 24
Female 23 29 22
Location of primary tumor 0416
Right side 13 18 8
Left side 33 50 38
Performance status 0.630
0 42 58 40
>1 4 10 6
Histological type 0.335
Well, moderately 43 58 42
Poorly, mucinous 3 10 6
RAS status 0.310
Wild type 25 22 17
Mutant type 16 26 12
Unknown 5 20 17
Detection of unresectable tumor 0.119
Synchronous 29 41 36
Metachronous 17 27 10
Number of organs affected by metastasis 0.960
One organ 30 46 31
Multiple organs 16 22 15
Peritoneal dissemination 0.101
Negative 34 50 41
Positive 12 18 5
Molecular-targeted therapy 0312
Absent 13 24 20
Present 33 44 26
SIS, systemic inflammatory score.
0, 22.9 months in those with a SIS of 1, and 20.6 months in 1.0, —
those with a SIS of 2. A log-rank test demonstrated significant
differences in the overall survival among the three groups 08 ! _:ig 2??:::22;
(P=0.0021). However, there were no significant differences in " - - SIS of 2 (n=46)
the overall survival between the patients with a SIS of 1 and g . ‘-l . 0001
those with a SIS of 2, although the overall survival rate tended = L1 \ P
to be worse in patients with a SIS of 2 than in those with a SIS 2 T
of 1 (P=0.0810; Fig. 1). g 041 W,
E - " —n
Univariate and multivariate analyses of the risk factors g 0.2 1 —
for overall survival. In the univariate analysis, the S
PS, the location of the primary tumor, the RAS status and
0 12 24 36 48 60

the SIS were associated with overall survival. Furthermore, a
multivariate analysis demonstrated that gender, the location
of the primary tumor and the SIS were independent prog-
nostic factors for survival (Table III).

Months after initiation of chemotherapy

Figure 1. Kaplan-Meier survival curves for the overall survival according to
the SIS based on the original cut-off values. SIS, systemic inflammatory score.
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Table III. Univariate and multivariate analyses of risk factors for overall survival.
Univariate analysis Multivariate analysis

Characteristic Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value
Age (years)

<65 Reference Reference

=65 1.318 0.908-1912  0.146 1.309 0.825-2.077 0.254
Sex

Male Reference Reference

Female 1.256 0.868-1.817 0227 1.771 1.097-2.859 0.019
Performance status

0 Reference Reference

>1 1.824 1.085-3.065 0.023 1.448 0.664-3.154 0.352
Location of primary tumor

Left side Reference Reference

Right side 1.982 1.273-3.086  0.002 2.179 1.192-3.984 0.011
Histological type

Well, moderately Reference Reference

Poorly, mucinous 0.685 0.355-1.321 0.259 0.552 0.257-1.185 0.127
RAS status

Wild type Reference Reference

Mutant type 1.699 1.100-2.625  0.017 1.533 0.957-2.456 0.075
Detection of unresectable tumor

Synchronous Reference Reference

Metachronous 1.107 0.740-1.656  0.621 1.171 0.642-2.133 0.607
The number of organs affected by metastasis

1 Reference Reference

=2 1.119 0.756-1.656  0.573 0.650 0.360-1.175 0.154
Peritoneal dissemination

Negative Reference Reference

Positive 1.145 0.726-1.805  0.560 1.739 0.850-3.559 0.130
Molecular targeted therapy

Present Reference Reference

Absent 1.116 0.764-1.630  0.571 0.960 0.601-1.534 0.866
SIS

0 Reference Reference

1 1.567 0.975-2.516  0.063 1.873 1.075-3.263 0.027

2 2.386 1.451-3.921 0.001 4.138 2.163-7916 <0.001

CI, confidence interval; SIS, systemic inflammatory score.

Setting new cut-off values for the LMR and the serum albumin
concentration. A receiver operating characteristic (ROC)
curve analysis was used to determine the optimal cut-off
LMR and serum albumin level. We used the LMR and serum
albumin level, continuous variables, as the test variable and
the 24.4-month survival (median survival time: 24.4 months)
as the state variable. The optimum cut-off values were selected
based on the highest Youden index; the optimum cut-off LMR
was 2.96 (sensitivity: 89.4%; specificity: 35.1%), while the
optimum cut-off serum albumin level was 4.0 (sensitivity:
53.0%; specificity: 73.4%) (Fig. 2). The patients were classified

into the high-LMR (n=120) and low-LMR (n=40) groups based
on the new cut-off LMR. In the same way, the patients were
classified into the high-ALB (n=60) and low-ALB (n=100)
groups.

Prognostic value of the LMR and the serum albumin concen-
tration. The patients in the low-LMR group had a significantly
worse overall survival rate in comparison to the patients in the
high-LMR group (P<0.0001; Fig. 3A). Similarly, the patients
in the low-ALB group had significantly worse overall survival
in comparison to the high-ALB group (P=0.0004; Fig. 3B).



670
A 100
0.75
2
3
£ 0.50
[:5]
=%
7]
s
0.25
0
0 025 050 0.75 1.00
Sensitivity
B 100
0.75
2
e
= 050
(5]
w
(=
@
025
0
0 025 050 0.75 1.00
Sensitivity

Figure 2. (A) The ROC curve for the lymphocyte-to-monocyte ratio. Area
under the curve, 0.599; 95% confidence interval, 0.512-0.750; P=0.033.
(B) The ROC curve for the serum albumin concentration. Area under the
curve, 0.664; 95% confidence interval, 0.579-0.750; P<0.001. ROC, receiver
operating characteristic.

Prognostic value of the SIS according to the new cut-off value
derived in our data set. According to the new cut-off value
(LMR: 2.96, serum albumin level: 4.0) as well as the original
cut-off value, the SIS was significantly associated with the
overall survival rates (P<0.0001; Fig. 4). Furthermore, there
were significant differences between the each subgroup.

Discussion

The results obtained in this study suggested that the SIS was
significantly associated with the survival outcomes and may
be useful as a prognostic biomarker in patients with unresect-
able mCRC. To our knowledge, this is the first study to assess
the prognostic value of the SIS in patients with unresectable
mCRC.

Albumin is a protein synthesized in the liver. Under
conditions of systemic inflammation, the ability to synthe-
size albumin decreases, resulting in hypoalbuminemia (15).
Therefore, a low serum albumin concentration is associated
with ongoing systemic inflammation. Due to the fact that
continuous systemic inflammation promotes cancer progres-
sion (1,2), hypoalbuminemia is associated with a poor
survival (16).

The LMR reflects the balance between the immune status
of the host and the degree of tumor burden. Lymphocytes play
a key role in anticancer immunity (1,17), and a decreasing
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Figure 3. Kaplan-Meier survival curves for the overall survival according
to the (A) LMR and (B) serum ALB. LMR, lymphocyte-to-monocyte ratio;
ALB, albumin concentration.
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Figure 4. Kaplan-Meier survival curves for the overall survival according to
the SIS based on the new cut-off values. SIS, systemic inflammatory score.

number of lymphocytes has been reported to be associ-
ated with a poor prognosis (18,19). In contrast, monocytes
contribute to cancer progression (1,20,21). Circulating
monocytes differentiate into macrophages in the cancer
microenvironment (22,23). Most macrophages in the cancer
microenvironment have an M2-like phenotype and promote
tumor growth, angiogenesis and metastasis (20,24). Thus an
increasing number of monocytes has been reported to be asso-
ciated with a poor prognosis (5,18,25). For these reasons, a low
LMR is associated with a poor prognosis.
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The serum albumin concentration and white blood cell
count are inexpensive to measure and are routinely applied in
clinical practice. The combination of these two inflammatory
markers based on different mechanisms may enable a more
accurate prognostic prediction.

Both the serum albumin concentration and the LMR, which
are components of the SIS, are markers related to inflammation,
but their severity is not always correlated with each other (11).
Therefore, the combination of these two markers enables a
more detailed stratification. The SIS can be used to classify
patients into three risk subgroups, whereas most inflammatory
markers reported as prognostic markers in previous reports
are only able to divide patients into two groups. The GPS as
well as the SIS can classify patients into three risk subgroups.
However, according to the GPS, most patients (80-90%) are
classified into the low-risk group (10,26,27), and the distribu-
tion of the GPS score is not well-balanced. In contrast, the
distribution of the SIS score is relatively well-balanced. These
results suggest that the SIS may have higher clinical utility
than other inflammatory markers.

According to the original cut-off values defined in a previous
report, the SIS was significantly associated with the survival.
However, the optimum cut-off values derived in our dataset
was different from those obtained in the previous report. As
cancer progresses, the degree of inflammation caused by the
response of the host to the cancer increases (3). In previous
reports, the inflammatory markers tended to increase as the
stage progressed (3,10,28). Furthermore, even at the same stage,
the degree of inflammation may vary depending on the type
of cancer. The optimum cut-off values of the inflammatory
markers used in previous reports differed by type of cancer,
even at the same stage (29-31). Therefore, it is necessary to reset
the optimum cut-off value of the serum albumin concentration
and the LMR, which is most closely associated with the prog-
nosis, depending on the characteristics of the target, such as the
cancer type and stage. The optimum cut-off value of the SIS
needs to be examined in further studies, which include a large
unified population of cancer types, stages and treatments. The
same may be true of the cut-off for the GPS.

The AUC of the ROC curve for the LMR and the serum
albumin concentration were relatively low, despite both
markers having been reported to be useful prognostic markers
in many previous reports (5,6,16). We thought that the small
number of cases was the reason for the low AUC. A large
prospective study is therefore necessary to confirm the useful-
ness of the SIS as a prognostic marker.

In conclusion, the SIS is considered to be a useful biomarker
for predicting the survival outcomes in patients with unresect-
able mCRC cancer who undergo chemotherapy, although the
optimum cut-off value according to each patient's background
needs to be examined in further studies. Patients with high
SIS scores are expected to have a poor prognosis. Thus, an
intensive chemotherapy regimen aiming at cytoreduction-as
opposed to disease control-should be selected for patients
with a high SIS score. The SIS may contribute to decisions
regarding the choice of therapeutic strategies.
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