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Purpose: Systemic inflammation and immune dysfunction have been proved to be signifi-

cantly associated with cancer progression and metastasis in colorectal cancer (CRC). The

aim of this retrospective study was to investigate the association between preoperative

systemic immune-inflammation index (SII) and postoperative liver metastasis in CRC.

Patients and methods: This retrospective study evaluated 182 patients with CRC who

underwent surgical resection. The inflammation-based prognostic factors, including SII,

neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), lymphocyte to

monocyte ratio (LMR) and prognostic nutritional index (PNI), were calculated based on

preoperative laboratory data. The univariate and multivariate logistic regression analysis was

performed to identify the risk factors correlated with postoperative liver metastasis in CRC.

Receiver operating characteristic (ROC) curves and decision curve analysis (DCA) were

respectively used to assess the predictive ability and clinical usefulness of SII for post-

operative liver metastasis in CRC.

Results: The univariate and multivariable analysis confirmed SII was independently corre-

lated with postoperative liver metastasis in CRC (p<0.001), and the ROC and DCA analysis

demonstrated SII was superior to other inflammation-based factors in terms of predictive

ability.

Conclusion: SII is an independent predictive indicator of postoperative liver metastasis for

patients with colorectal cancer.

Keywords: colorectal cancer, systemic immune inflammation index, liver metastasis,

predictive factor

Introduction
Colorectal cancer (CRC) was one of the most prevalent malignant tumors in the world,

accounting for 1.4 million new cases and almost 700,000 deaths in 2012.1 Moreover,

the incidence of new cases with colorectal cancer in China has increased in recent

years.2 In 2015, there were 376,300 new cases estimated for CRC in China.3 Despite

immense efforts in developing advanced treatments for this disease,4,5 the overall

survival of colorectal cancer remained poor, with approximately 40% of patients who

underwent curative surgery dying from their diseases, especially those with distant

metastasis.6,7

Distant metastasis is one of the strongest independent prognostic factors of 5-

year survival rate in CRC. The liver is the most common site for metastasis of

CRC.3 About 15% of patients have liver metastasis at the time of diagnosis and an
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additional 20–23% developed into liver metastasis over

time.8 Colorectal cancer patients with liver metastasis

had no obvious symptoms at the early stage. Surgical

resection is potentially curable in 25% and 5-year survival

is approximately 50%.9 Therefore, the development and

optimization of a simple and convenient prediction index

for liver metastasis in CRC can not only provide clinical

data for the basic research, but also acquire new ideas for

the prevention of liver metastasis and form a complete

prediction and intervention system.10

The invasion and migration of tumor are inextricably

linked with inflammation. Systemic inflammation has been

recognized as a part of tumor immune microenvironment

and played an important role in the development and

progression of many solid tumors.11,12 The existence of

systemic inflammation, as measured by parameters such as

neutrophil to lymphocyte ratio (NLR), platelet to lympho-

cyte ratio (PLR), lymphocyte to monocyte ratio (LMR)

and prognostic nutritional index (PNI), was reported to be

correlated with poor prognosis of colorectal cancer.13–15

Recently, the systemic immune-inflammation index (SII),

which is based on platelets, neutrophils, and lymphocytes

in the complete blood count, has been shown to have

independent prognostic value in many cancer types.16,17

It is of also interest that the relationship between the

systemic immune environment and postoperative liver

metastasis in CRC patients. Therefore, this study aimed

to investigate the significance of SII as a possible marker

to predict postoperative liver metastasis in patients with

colorectal cancer and compare the clinical values with

other inflammation-based prognostic factors (NLR, PLR,

LMR and PNI).

Materials And Methods
Patients
This is a retrospective, cross-sectional study of diagnosed

CRC patients in the First Affiliated Hospital of Zhengzhou

University between January 2010 and December 2017.

The eligibility criteria: 1) patients were diagnosed with

primary colorectal cancer; 2) patients underwent radical

resection in the First Affiliated Hospital of Zhengzhou

University; 3) clinical records, including pathologic diag-

nosis, treatment strategy, follow-up information and

laboratory data, were available and complete; and 4)

first-line chemotherapy was provided after surgery. The

exclusion criteria: 1) inflammatory bowel disease-related

CRC, known hereditary CRC syndrome; 2) synchronous

distant metastasis at the time of the initial diagnosis; 3) the

patient received neoadjuvant chemo-radiotherapy or radia-

tion therapy; 4) other malignant tumors in other organs; 5)

hematologic malignancies, acute or chronic inflammatory

disease, and other diseases that can affect inflammatory

markers. The specific screening process of patients is

shown in Figure 1. The study’s retrospective protocol

was approved by the Ethics Committee of the First

Affiliated Hospital of Zhengzhou University. All data

were obtained in accordance with the Declaration of

Helsinki. And we maintained the confidentiality of all

patient privacy. For the retrospective study, the data were

analyzed anonymously. The need for consent to participate

was waived by Ethics Commission of the First Affiliated

Hospital of Zhengzhou University.

Clinical Data Collecting And Processing
Baseline data, including demographic information, routine

blood test results, tumor markers, and pathologic data,

were reviewed. Tumor characteristics, including tumor

size, location and differentiation (well or poor), were

noted based on both imaging and pathology reports from

the surgical procedure. Tumor (T) and nodal stage (N)

were based on the American Joint Committee on Cancer

(AJCC) staging. SII, NLR, PLR, LMR and PNI were,

respectively, calculated as follows: SII=P×N/L; NLR=N/

L; PLR=P/L; LMR=N/M; PNI=Alb(g/L)+ 5×L(×109/L),

where P, N, L and M stood for platelet, neutrophil, lym-

phocyte and monocyte counts, respectively, and Alb stood

for serum albumin. Optimal cutoff values of SII, NLR,

PLR, LMR and PNI were calculated according to receiver

operating characteristic (ROC) curves. Cutoff values of

age, tumor size and number of lymph nodes removed

during surgery were adopted from median in this data.

Cutoff values of CA125, CA199 and CEA were acquired

according to inspection standard in our hospital. All diag-

noses of liver metastasis were independently confirmed by

CT scan by two radiologists. Patients with colorectal can-

cer were divided into positive group and negative group

according to whether liver metastasis after surgery.

Statistical Analysis
SPSS 21 software and R software were used for data

analysis. Relationships between liver metastasis and clin-

icopathologic factors were analyzed using the Chi square

test or Fisher’s exact test. The Mann–Whitney U-test was

used to analyze differences in the SII distributions between

the patient groups. Significant risk factors for liver
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metastasis were analyzed first by univariate logistic regres-

sion analysis and then by multivariate logistic regression

analysis. All tests were two-sided and p values less than

0.05 were considered significant. ROC analysis was per-

formed to calculate the area under ROC curve (AUC) into

evaluating the predictive significance of SII. Decision

curve analysis (DCA) was conducted to determine the

clinical usefulness by quantifying the net benefits at dif-

ferent threshold probabilities.

Results
Patient Characteristic
The clinical and pathologic characteristics are shown in

Table 1. In the present study, we included 182 patients,

144 patients did not develop into liver metastasis and 38

patients developed into liver metastasis at the last follow-

up. NLR, PLR, SII, LMR, PNI, CA125 and CEA were

significantly associated with postoperative liver metastasis

in CRC (all p<0.05).

Univariate And Multivariate Logistic

Regression Analysis For Postoperative

Liver Metastasis In CRC
As shown in Table 2, in univariate analysis, number of

lymph nodes removed during surgery, NLR, PLR, SII,

LMR, PNI, CA125 and CEA were significant prognostic

factors (all p<0.1). Significant variables in univariate ana-

lysis were included in multivariate logistic regression

analysis. We found that postoperative liver metastasis

was independently associated with PLR (OR=8.21, 95%

CI 2.22–30.33, p<0.05) and SII (OR=21.79, 95% CI 4.18–

113.7, p<0.05).

Association Of SII And PLR With

Postoperative Liver Metastasis
Patients were divided into two groups according to PLR or

SII. Liver metastasis rates were 5.3% in the group with

PLR lower than 182, while 46.4% patients evolved into

liver metastasis in the group with PLR equal to or higher

than 182 (p<0.001; Figure 2A). At the same time, liver

metastasis rates were 7.3% in the group with SII lower

than 1505×109/L, while 84.4% patients evolved into liver

metastasis in the group with SII equal to or higher than

1505×109/L (p<0.001; Figure 2B). This suggested that

patients with high SII or high PLR have a higher risk of

postoperative liver metastasis in CRC.

Comparison Between Inflammation

Factors
We evaluated the predictive significance of these inflam-

mation factors. AUC of SII, PLR, NLR, LMR and PNI

were 0.882, 0.835, 0.843, 0.72 and 0.688, respectively

(p<0.05; Figure 3A). The clinical usefulness of these

inflammation indexes was analyzed by DCA, which

showed that the net benefit of SII was better than other

inflammation factors if the threshold probability exceeded

Figure 1 Flow chart for screening of patients.
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20%. These results indicated that SII was superior to NLR,

PLR, LMR and PNI for predicting liver metastasis in

patients with CRC (Figure 3B). Meantime, the association

of SII with clinicopathologic characteristics was demon-

strated (Table 3). And the high SII was associated with

large tumor size, small number of lymph nodes removed

during surgery, high NLR, high PLR, low LMR, low PNI

and high CA125 level (all p < 0.05).

Discussion
In recent years, radical surgery is still the main treatment

for colorectal cancer.18,19 However, due to the limitations

of current medical technology, postoperative liver metas-

tasis of colorectal cancer plays an important role in prog-

nosis, which is mainly attributed to the lack of reliable

predictors for liver metastasis.6 This study found that SII

was an independent risk factor for postoperative liver

metastasis in patients with colorectal cancer, and the risk

of postoperative liver metastasis in patients with high SII

was significantly higher than patients with low SII. This

provides a new idea for the prevention of postoperative

liver metastasis in CRC.

Immune mechanisms have been associated with tumor

progression in previous research.20 Elevated levels of

inflammatory markers are often associated with more

advanced disease, such as a greater tumor burden.21

Numerous studies have found that inflammation plays a

key role in the development and progress of CRC,22,23

which may be related to the induction of DNA damage

Table 1 Patients Demographics And Clinicopathological

Characteristics

Characteristics Hepatic Metastasis p

Negative (%) Positive (%)

Age 0.263

Mean 57.17 54.39

Median 55 52

Range 15–93 29–79

Gender 0.952

Male 75(52.1%) 20(52.6%)

Female 69(47.9%) 18(47.4%)

Tumor location 0.460

Right 68(47.2%) 20(52.6%)

Left 64(44.4%) 17(44.7%)

Rectum 12(8.4%) 1(2.7%)

Tumor size (cm) 0.131

<3.5 69(47.9%) 13(34.2%)

≥3.5 75(52.1%) 25(65.8%)

Histologic grade 0.091

Well 111(77.1%) 34(89.5%)

Poorly 33(22.9%) 4(10.5%)

T 0.303

Tis-T2 27(18.8%) 10(26.3%)

T3 117(81.2%) 28(73.7%)

N 0.644

N0 93(64.6%) 23(60.5%)

N1-N2 51(35.4%) 15 (39.5%)

LNsa 0.055

<12 62(43.1%) 23(60.5%)

≥12 82(56.9%) 15(39.5%)

NLR <0.001

<3.5 123(85.4%) 7(18.4%)

≥3.5 21(14.6%) 31(81.6%)

PLR <0.001

<182 107(74.3%) 6(15.8%)

≥182 37(25.7%) 32(84.2%)

SII (109/L) <0.001

<1505 139(96.5%) 11(28.9%)

≥1505 5(3.5%) 27(71.1%)

LMR <0.001

<2.7 48(33.3%) 26(68.4%)

≥2.7 96(66.7%) 12(31.6%)

PNI <0.001

<41 14(9.7%) 17(44.7%)

≥41 130(90.3%) 21(55.3%)

(Continued)

Table 1 (Continued).

Characteristics Hepatic Metastasis p

Negative (%) Positive (%)

CA125 (u/mL) <0.001

<35 134(93.1%) 27(71.1%)

≥35 10(6.9%) 11(28.9%)

CA199 (u/mL) 0.374

<37 119(82.6%) 29(76.3%)

≥37 25(17.4%) 9(23.7%)

CEA (ng/mL) 0.042

<5 101(70.1%) 20(52.6%)

≥5 43(29.9%) 18(47.4%)

Notes: aNumber of lymph nodes removed during surgery, p values less than 0.05

were set the font style to bold.

Abbreviations: NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte

ratio; SII, systemic immune-inflammation index; PNI, prognostic nutritional index;

LMR, lymphocyte–monocyte ratio; CEA, carcinoembryonic antigen.
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Table 2 Univariate And Multivariate Analysis Of Clinicopathologic Factors And SII For Hepatic Metastasis Of Patients With

Colorectal Cancer

Characteristics Univariate Analysis Multivariate Analysis

OR 95% CI p* OR 95% CI p**

Age

<55 Ref

≥55 0.72 0.35–1.47 0.369

Gender

Male Ref

Female 0.98 0.48–2.00 0.952

Tumor location

Right Ref

Left 0.90 0.44–1.88 0.785

Rectum 0.28 0.04–2.31 0.239

Tumor size (cm)

<3.5 Ref

≥3.5 1.77 0.84–3.73 0.134

Histologic grade

Well Ref

Poorly 0.40 0.13–1.20 0.101

T

Tis-T2 Ref

T3 0.65 0.28–1.49 0.305

N

N0 Ref

N1-N2 1.19 0.57–2.48 0.644

LNsa 0.47 0.14–1.54 0.211

<12 Ref

≥12 0.49 0.24–1.02 0.057

NLR 4.64 0.71–30.33 0.109

<3.5 Ref

≥3.5 25.94 10.12–66.52 <0.001

PLR 8.21 2.22–30.33 0.002

<182 Ref

≥182 15.42 5.97–39.83 <0.001

SII (109/L) 21.79 4.18–113.7 <0.001

<1505 Ref

≥1505 68.24 21.94–212.22 <0.001

LMR 4.95 0.89–27.60 0.068

<2.7 Ref

≥2.7 0.23 0.11–0.50 <0.001

PNI 0.64 0.15–2.77 0.549

<41 Ref

≥41 0.13 0.06–0.31 <0.001

CA125 (u/mL) 1.80 0.37–8.68 0.463

(Continued)
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by leucocyte-derived reactive oxygen species. At the same

time, the cancer cells produce large amounts of inflamma-

tory cytokines, which induce leucocyte to accumulate

around the tumor.24–26 Inflammatory cytokines have devel-

oped an important direction to study the proliferation,

invasion and metastasis of colorectal cancer cells.27,28

Itzkowitz and Yio found that patients with chronic inflam-

mation, such as ulcerative colitis and Crohn’s disease, are

at increased risk for developing colorectal cancer.29 Burr et

al emphasize that aspirin or non-aspirin non-steroidal anti-

inflammatory drugs (NA-NSAIDs) prevent colorectal can-

cer (CRC) in patients with inflammatory bowel disease

(IBD).30 Mariani et al examined the inflammatory path-

ways involved in the early steps of carcinogenesis, with

particular emphasis on colorectal and suggested systemic

inflammation of the large bowel (as in inflammatory bowel

Table 2 (Continued).

Characteristics Univariate Analysis Multivariate Analysis

OR 95% CI p* OR 95% CI p**

<35 Ref

≥35 5.46 2.11–14.13 <0.001

CA199 (u/mL)

<37 Ref

≥37 1.48 0.62–3.50 0.376

CEA (ng/mL) 2.54 0.74–8.71 0.139

<5 Ref

≥5 2.11 1.02–4.39 0.044

Notes: aNumber of lymph nodes removed during surgery, p values less than 0.05 were set the font style to bold, *P <0.1 was considered significant in univariate logistic

regression analysis and **P <0.05 was considered significant in multivariate logistic regression analysis.

Abbreviations: NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio; SII, systemic immune-inflammation index; PNI, prognostic nutritional index; LMR,

lymphocyte–monocyte ratio; CEA, carcinoembryonic antigen.

Figure 2 Association of PLR (A) and SII (B) with postoperative liver metastasis (LM).

Figure 3 Comparison between inflammation factors. ROC curve of inflammatory markers to predict hepatic metastasis in patients with colon cancer (A). Decision curve

analysis of inflammatory markers for predicting hepatic metastasis in patients with colon cancer (B).
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diseases) has been associated with the subsequent devel-

opment of colorectal cancer.31 In conclusion, systemic

inflammation plays an important role in the progress of

colorectal cancer.

The mechanism of association between SII and liver

metastasis in CRC is unclear. Neutrophils are a major sub-

group of leukocytes that promote the angiogenesis, prolifera-

tion and metastasis of cancer cells through the production of

angiogenic cytokines such as chemokines and vascular

endothelial growth factors.32 Lymphocytes produce cyto-

kines that inhibit the metastasis and proliferation of cancer

cells and induce cytotoxic cells death.33 Lymphopenia is

especially common in advanced cancer and reflects an ineffi-

cient immune system that may produce a favorable micro-

environment for the spread of tumor cells.34 In the process of

carcinogenesis, there is an increase in circulating neutrophils

with the reduction of lymphocytes. Although the mechanism

has not been clarified, several investigations have deduced its

close correlations with interleukin 6, interleukin 8, vascular

epidermal growth factor, and other cytokines.21,35

Inflammation induces changes in tumor microenvironment,

which promotes tumor progression.36 In addition, platelets

and platelet aggregation have been implicated in tumor pro-

gression, although the exact mechanism has not been

elucidated.37 The mechanism of platelets in tumorigenesis

might be derived from the role of platelets in promoting

angiogenesis, adhesion, and invasion by increasing the pro-

duction of vascular epidermal growth factor and transform-

ing growth factor-beta in a tumor environment.35 Platelets

are metastatic promoters, because of their ability to coat

tumor cells making them unrecognizable for the natural killer

cells produced by the immune system.38 Another research

showed that platelets promote tumor metastasis by activating

TGFβ and NF-κB signaling pathways.39 SII, which is

Table 3 Association Of SII With Clinicopathologic Characteristics

In Patients With Colorectal Cancer

Characteristics SII<1505×109/L

(n=150)

SII≥1505×109/L

(n=32)

P

Age 0.098

<55 65 19

≥55 85 13

Gender 0.613

Male 77 18

Female 73 14

Tumor location 0.788

Right 74 14

Left 65 16

Rectum 11 2

Tumor size (cm) 0.034

<3.5 73 9

≥3.5 77 23

Histologic grade 0.090

Well 116 29

Poorly 34 3

T 0.811

Tis-T2 30 7

T3 120 25

N 0.332

N0 98 18

N1-N2 52 14

LNsa 0.049

<12 65 20

≥12 85 12

NLR <0.001

<3.5 130 0

≥3.5 20 32

PLR <0.001

<182 108 5

≥182 42 27

LMR <0.001

<2.7 47 27

≥2.7 103 5

PNI <0.001

<41 15 16

≥41 135 16

CA125 (u/mL) <0.001

<35 139 22

≥35 11 10

CA199 (u/mL) 0.991

<37 122 26

(Continued)

Table 3 (Continued).

Characteristics SII<1505×109/L

(n=150)

SII≥1505×109/L

(n=32)

P

≥37 28 6

CEA (ng/mL) 0.177

<5 103 18

≥5 47 14

Notes: aNumber of lymph nodes removed during surgery, p values less than 0.05

were set the font style to bold.

Abbreviations: NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte

ratio; SII, systemic immune-inflammation index; PNI, prognostic nutritional index;

LMR, lymphocyte–monocyte ratio; CEA, carcinoembryonic antigen.
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calculated according to peripheral blood neutrophils, lym-

phocytes and platelets, is closely related to tumor microen-

vironment. Although the exact mechanism is not fully

understood, there is more and more evidence that SII can

help predict clinical outcomes for a variety of cancers.40–42 In

this study, we evaluated the predictive ability of SII for

postoperative liver metastasis in CRC, and the optimal cut-

off value of SII was 1505×109/L, with a sensitivity of 71%

and a specificity of 96.5%. These data indicate that SII has a

strong ability to predict postoperative liver metastasis of

CRC. Meanwhile, we compared the ability of SII with

other inflammatory indicators such as NLR, PLR, LMR

and PNI to predict postoperative liver metastasis in CRC.

SII had significantly higher predictive ability and clinical

application value for postoperative liver metastasis than

other inflammatory indicators in CRC. The study indicated

that compared with NLR, PLR, LMR and PNI, SII is the best

indicator to predict postoperative liver metastasis in CRC.

There were several limitations to this study despite the

demonstration of the predictive ability of SII in patients with

CRC. First, there was a lack of follow-up and outcome data.

Second, this is a retrospective analysis. Data on all patients

were collected from a single institute and number of patients

is relatively small. Therefore, conclusions from the present

study may have a bias and larger prospective studies will

need to be performed to confirm these preliminary results.

Despite the above limitations, this study found the predictive

significance of SII for postoperative liver metastasis in color-

ectal cancer patients. At the same time, because this indicator

is simple, practical and economical, our results are still of

great clinical application value.

Conclusion
The results of this study suggest that the SII has a moder-

ately strong ability to accurately predict postoperative liver

metastasis in patients with colorectal cancer. These

findings should be carefully evaluated in future prospec-

tive studies.
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