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Abstract
BACKGROUND
The prognosis of intrahepatic cholangiocarcinoma (ICC) patients following
surgical resection remains poor. It is necessary to investigate effective biomarkers
or prognostic models for ICC patients.

AIM
To investigate the prognostic effect of systemic immune-inflammation index (SII)
to predict long-term outcomes in ICC patients with undergoing hepatic resection.

METHODS
Consecutive ICC patients who underwent initial hepatectomy with curative
intent from January 2009 to September 2017 were retrospectively reviewed.
Receiver-operating characteristic (ROC) curves were used to determine the
optimal cut-off values of SII. Kaplan-Meier curves and Cox proportional hazards
regression were performed to evaluate the discriminative ability of preoperative
SII in predicting overall survival (OS) and recurrence-free survival (RFS).

RESULTS
A total of 530 patients were included and randomly divided into derivation (n =
265) and validation cohort (n = 265). The optimal cut-off value for SII was 450. At
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a median follow-up of 18 mo (range, 1-115.4 mo), 317 (59.8%) patients died and
381 (71.9%) patients experienced tumor relapse. Low SII level was associated
with better OS and RFS (both P < 0.05). Multivariate analyses identified multiple
tumors, node invasion and high SII level as independent risk factors for OS, while
multiple tumors, node invasion and high SII level were identified as independent
risk factors for RFS. Validation cohort confirmed the findings of derivation
cohort.

CONCLUSION
The present study demonstrated the feasibility of preoperative SII as a prognostic
indicator for ICC. Patients with increased SII level were associated with worse OS
and earlier tumor recurrence. Elevated SII level was an independent risk factor
for OS and RFS in patients with ICC after hepatectomy. In the future, the SII
could help stratifying patients with ICC, thus guiding therapeutic choices,
especially in immunotherapy.

Key words: Intrahepatic cholangiocarcinoma; Systemic immune-inflammation index;
Hepatectomy; Prognostic predictor; Long-term outcomes; Immunotherapy

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Inflammation has been reported to play a crucial role in tumor biology.
Systemic immune-inflammation index (SII), an inflammation-based index, was a
composite measure of neutrophil, platelet and lymphocyte counts. No data exists until
now, has evaluated its prognostic value for intrahepatc cholangiocarcinoma (ICC). This
study aimed to investigate the clinical significance of preoperative SII levels in ICC
patients undergoing curative resection. Patients with increased SII level were associated
with worse overall survival and earlier tumor recurrence. In the future, the SII could help
stratifying patients with ICC, thus guiding therapeutic choices, especially in
immunotherapy.

Citation: Li H, Wang JJ, Zhang M, Ren B, Li JX, Xu L, Wu H. Prognostic significance of
systemic immune-inflammation index in patients with intrahepatic cholangiocarcinoma
undergoing hepatic resection. World J Gastrointest Oncol 2020; 12(4): 467-482
URL: https://www.wjgnet.com/1948-5204/full/v12/i4/467.htm
DOI: https://dx.doi.org/10.4251/wjgo.v12.i4.467

INTRODUCTION
Intrahepatic  cholangiocarcinoma  (ICC)  is  a  subtype  of  cholangiocarcinoma,
representing 15%-20% of all primary liver cancer[1,2]. The incidence of ICC is increasing
over  the  years.  The  potential  etiologic  factors  for  development  of  ICC  include
hepatolithiasis, primary sclerosing cholangitis, biliary tree anomalies, hepatobiliary
parasitosis and chronic viral hepatitis[3].  ICC is a heterogenous malignancy which
carries a dismal long-term survival outcome, with a 5-year survival rate of less than
20%[4].  Among all  therapeutic  strategies  for  ICC,  surgical  resection  remains  the
mainstay, which is regarded as the unique potential curative treatment for patients
with early stage tumor[5,6].

Inflammation  has  been  reported  to  play  a  crucial  role  in  tumor  biology.  The
systemic  inflammatory  response  (SIR),  which  could  be  monitored  using  some
hematologic or biochemical markers including neutrophil,  lymphocyte, c-relative
protein  and  platelet  count,  has  been  demonstrated  to  be  of  major  prognostic
importance in various cancers[7-9].  Recently,  inflammation-based indexes,  such as
neutrophil-to-lymphocyte  ratio  (NLR),  platelet-to-lymphocyte  ratio  (PLR)  and
systemic immune-inflammation index (SII), have been used to evaluate the prognosis
of patients with diverse cancers[10]. Previous studies have reported that elevated NLR
and PLR were associated with poor long-term survival outcomes in patients with
ICC[11].

The SII is an index which incorporates platelets,  neutrophils and lymphocytes,
calculating by neutrophil × platelet/lymphocyte[12]. Previous studies have reported
that the SII could help to predict long-term survival outcomes in patients with solid
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tumors including breast cancer, non-small cell  lung cancer, colorectal cancer and
pancreatic cancer[13-15]. However, no data exists until now, evaluating the prognostic
value of SII for ICC. Thus, the objective of this study was to investigate the clinical
significance of preoperative SII levels in ICC patients undergoing curative resection.

MATERIALS AND METHODS

Study population
This study was approved by the Ethics Committee of the West China Hospital, in
accordance with the guidelines of the 1975 Declaration of Helsinki[16]. All consecutive
patients undergoing initial hepatic resection with curative intent for ICC from January
2009  to  September  2017  were  considered  for  this  retrospective  study.  Written
informed consent were obtained from all the eligible patients or their relative. Patients
were randomly divided into two groups (derivation and validation cohort).  The
exclusion  criteria  were  as  following:  Patients  received  radiofrequency  ablation,
transarterial chemoembolization, chemotherapy or other anti-cancer therapies prior to
hepatectomy;  patients  with  extrahepatic  metastasis  or  other  simultaneous
malignancies; patients underwent surgical resection for tumor rupture.

Data collection and follow-up
Diagnoses of ICC were confirmed by histological evidence after surgical resection.
The tumor-node-metastasis (TNM) stages were stratified according to the 8th edition
of  the  American  Joint  Committee  on  Cancer  (AJCC)  Staging  Manual.  All  the
clinicopathological data were reviewed and retrieved from the hospital electronic or
handwritten medical records, including patient factors, laboratory parameters and
histological features of tumors. Among them, macrovascular invasion was defined as
radiologically  diagnosed  vascular  invasion  of  large  vessels  or  macroscopic
thrombosis, whereas MVI was defined as histologically identified vascular invasion of
small  vessels.  Patients  were  followed up according to  National  Comprehensive
Cancer  Network (NCCN).  Regularly,  patients  were  asked to  return hospital  for
physical examination, tumor markers or contrast-enhanced ultrasonography per 3
month at first year, then every 6 months thereafter. Besides, we contact those who
determined not to go back to the hospital to reexamination through telephone follow-
up survey. Overall survival (OS) was calculated from the date of liver resection to
death or, in those alive, to the date of last follow-up. Recurrence-free survival (RFS)
was from the date of hepatectomy to diagnosis of recurrence or last follow-up.

Statistical analysis
Statistical analyses were performed using the software of Graphpad Prism (version
8.0, San Diego, CA, United States), SPSS (version 23.0, Chicago, IL, United States) and
MedCalc (version 15.2.2.0, Ostend, Belgien). The thresholds of SII, NLR and PLR were
identified by application of the receiver operating characteristics (ROC) curve, as
Youden index attained maximum value. The 5-year survival status was set as the
discriminant. χ2 test or Fisher’s exact test was used to analyze categorical variables.
Student’s t-test or Kruskal-Wallis test was used to investigate continuous variables.
Kaplan-Meier curves were plotted for discovery and validation cohort according to
each cut-off value, and their differences were tested using log-rank test. Subsequently,
Cox proportional  hazards regression model (enter method) was used to identify
potential  independent prognostic  factors  for  OS and RFS.  Potential  confounders
which were correlated to survival outcomes and those with P values less than 0.05 in
univariate regression analyses were selected for multivariate regression models. NLR
and PLR were  excluded from multivariate  analyses.  Statistical  significance  was
accepted at a two-tailed P value < 0.05.

RESULTS

Association between SII and clinicopathological features
A total of 530 patients (256, 48.3% male), with a mean age of 57.23 years (standard
deviation, 10.69 years), were included in this study. Patients were randomly divided
into derivation and validation cohort (265 for each group). The demographic and
clinicopathological features were summarized in Table 1. The SII level The optimal
cut-off  values  for  SII,  NLR and PLR were 450,  2.65  and 110,  respectively.  In  the
derivation cohort, with the defined cut-off value, 123 (46.4%) patients were stratified
into low SII group (SII ≤ 450) and 142 with SII > 450. Elevated SII level was found in
ICC patients with hepatolithiasis, tumor size ≥ 5 cm, multiple tumors, node invasion
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and TNM stage III (Figure 1). As shown in Table 2, patients with elevated SII level
was  associated  with  increased  serum platelet  counts,  neutrophil  and decreased
lymphocytes. Moreover, the maximum tumor size was larger in high SII group (mean,
6.5 cm) than low group (P < 0.001). Patients in high SII group were associated with
significantly decreased frequencies of solitary tumor and increased incidence of node
invasion. In the validation cohort, 130 (49.1%) patients were stratified into low SII
group. Correlation between SII level and clinical characteristics was summarized in
Table 2. Patients in high SII group were related to increased serum platelet counts,
neutrophil and decreased lymphocytes. Interestingly, a lower frequency of cirrhosis
was observed in high SII group (19.3% vs 30%, P = 0.045).

Survival analyses for SII, NLR and PLR
At a median follow-up of 18 mo (range, 1-115.4 mo), 317 (59.8%) patients died and 381
(71.9%) patients experienced tumor relapse. Two independent cohorts were associated
with comparable follow-up period. A Kaplan-Meier analysis was performed to detect
the  correlation  between  SII,  NLR,  PLR  with  OS  and  RFS.  In  derivation  cohort,
increased SII, NLR and PLR were significantly correlated to worse OS (P values were
<  0.001,  0.003  and  0.018,  respectively,  Figure  2A-C).  Higher  SII  and  NLR  were
associated with lower RFS with P values of 0.011 and 0.007, whereas no statistical
significance  was  found  between  PLR  and  RFS  (P  =  0.059,  Figure  2D-F).  In  the
validation cohort, increased SII and NLR were significantly correlated to worse OS
and RFS (Figure 3). However, no significant association was found between PLR and
OS, RFS.

Among 16  clinicopathological  features  analyzed in  univariate  Cox regression
analysis in the derivation cohort, 10 were identified as potential factors affecting OS.
Subsequently,  8  of  them were introduced in  multivariate  Cox regression model,
multiple tumors, node invasion and high SII level were identified as independent risk
factors for OS (Tables 3 and 4). 6 variables were analyzed using multivariate analysis,
multiple tumors, node invasion and high SII level were identified as independent risk
factors for RFS (Tables 3 and 4). In the validation cohort, abnormal serum CA-199
level, multiple tumors, node invasion and elevated SII were identified as independent
risk factors for both OS and RFS (Supplementary Table 1 and 2).

Subgroup analyses were conducted to evaluate prognostic value of SII for patients
stratified by potential sources of heterogeneity for the entire cohort. SII showed its
prognostic value in ICC regardless of age, status of cirrhosis and TNM stages for OS
and RFS. For patients with multiple tumors, node invasion, maximum tumor size
more than 5 cm, MVI positive and perineural invasion, no significant correlation was
found between SII with OS and RFS (Figures 4 and 5).

DISCUSSION
Accumulating evidence have indicated that inflammation played an important role in
various  solid  tumors.  On  one  hand,  inflammation  was  thought  to  promote
tumorigenesis and progression, but on the other hand, it might be secondary to SIR to
yet-undetected tumor and accumulated DNA-damage[12]. In any cases, the products of
inflammation processes  could be considered as  biomarkers  in the application of
diagnosis and prognostic prediction. Numerous studies have reported inflammatory-
based indexes, with combination of peripheral neutrophil, lymphocyte, monocyte and
C-relative  protein,  were  associated  with  tumor  growth,  distant  metastasis  and
survival outcomes of patients with various tumors[17-20].

Previous studies have investigated the prognostic value of NLR and PLR in ICC
patients, and suggested that NLR and PLR were potential prognostic indicators for
long-term survival  outcomes[10,21,22].  Consistently,  the  present  study showed that
elevated NLR and PLR were associated with worse OS and RFS. A handful of studies
have  demonstrated  that  patients  with  high  SII  level  were  associated  with  poor
survival  outcomes  in  various  malignancies,  suggesting  the  feasibility  of  SII  in
predicting prognosis. Recently, a meta-analysis by Yang et al[23] pooled outcomes from
22 studies and demonstrated that high SII was associated with poor overall outcomes
in  patients  with  various  cancers.  However,  Huang and colleagues  performed a
retrospective study to evaluate the effect of SII to predict recurrence and survival in
patients  with  BCLC stage  0-A of  HCC after  hepatectomy[24].  They  presented  an
opposite result and revealed that low SII was significantly poor prognostic predictor
for OS and recurrence in patients with early stage HCC. We therefore performed the
present study to evaluate the effect of SII level for predicting long-term outcomes in
patients with ICC after hepatectomy. Importantly, this study demonstrated that an
elevated SII (> 450) was associated with larger tumor, increased tumor number, node
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Table 1  Baseline characteristics of included patients

Variables All patients (n = 530) Derivation cohort (n = 265) Validation cohort (n = 265) P value

Patient factors/laboratory parameters

Age, yr 57.2 (10.7) 57.9 (10.5) 56.5 (10.8) 0.131

Male gender, n (%) 256 (48.3) 134 (50.6) 122 (46.0) 0.339

HBsAg (positive), n (%) 153 (29.0) 80 (30.3) 73 (27.7) 0.565

Hepatolithiasis, n (%) 89 (16.8) 42 (15.6) 47 (17.9) 0.487

CA-199 < 22, n (%) 150 (29.0) 77 (30.0) 73 (28.0) 0.738

Platelet 178 (72) 179 (73) 177 (71) 0.778

Neutrophil 4.6 (2.1) 4.6 (2.3) 4.6 (2.0) 0.976

Lymphocyte 1.6 (0.9) 1.6 (1.2) 1.6 (0.5) 0.641

NLR 3.38 (2.95) 3.34 (2.22) 3.42 (3.54) 0.746

PLR 126 (68) 127 (65) 125 (70) 0.716

SII 612 (635) 605 (495) 619 (751) 0.803

Histological and gross features of tumors

Tumor size, cm 6.0 (2.7) 6.0 (2.7) 6.0 (2.7) 0.783

Solitary tumor, n (%) 373 (70.4) 196 (74.0) 177 (66.8) 0.087

Well tumor differentiation, n (%) 22 (4.2) 11 (4.2) 11 (4.2) 1.000

Macrovascular invasion, n (%) 123 (23.2) 71 (26.8) 52 (19.6) 0.064

Microvascular invasion, n (%) 54 (10.2) 27 (10.2) 27 (10.2) 1.000

Node positive, n (%) 129 (24.3) 61 (23.0) 68 (25.7) 0.544

Perineural invasion, n (%) 80 (15.1) 38 (14.3) 42 (15.8) 0.716

TNM stage, n (%) 0.902

IA 63 (11.9) 33 (12.5) 30 (11.3)

IB 38 (7.2) 21 (7.9) 17 (6.4)

II 56 (10.6) 26 (9.8) 30 (11.3)

IIIA 242 (45.7) 122 (46.0) 120 (45.3)

IIIB 131 (24.7) 63 (23.8) 68 (25.7)

Follow-up, median (range) 18.0 (1.0-115.4) 18.2 (1.0-115.4) 17.8 (1.2-104.5)

Age, platelet,  neutrophil and lymphocyte were shown as mean (SD). M: Male;  F:  Female; CA-199: Carbohydrate antigen-199; TNM: Tumor-node-
metastasis; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; SII: Systemic immune-inflammation index; HR: Hazard ratio; CI:
Confidence interval.

invasion  and  worse  prognosis  in  patients  with  surgically  treated  ICC.  A  high
preoperative SII level was an independent risk factor for OS and RFS.

To  our  knowledge,  this  is  the  first  study  with  a  large  population  evaluating
prognostic significance of SII in ICC patients undergoing hepatic resection. The SII is a
composite measure of neutrophil, platelet and lymphocyte counts. The neutrophils
altered tumor microenvironment via extrinsic pathway[25]. Additionally, they secreted
various  cytokines  and  chemokines  to  promote  tumor  cell  proliferation  and
metastasis[26]. The adhesin of platelets to cancer cells was crucial in the formation of
metastatic niche[27]. The platelets not only shielded tumor cells against immune cells
cytotoxicity, but also released nucleotides to promote the epithelial to mesenchymal
transition  in  cancer  cells,  leading  to  migration  and  invasion[28,29].  Contrary  to
neutrophils and platelets, the lymphocyte played an antitumor role through its ability
of promoting cytotoxic cell death[30]. Previous studies have demonstrated that tumor-
infiltrating lymphocyte, essential components of tumor microenvironment, could
serve as prognostic  biomarkers in various cancers.  Patients with high density of
tumor-infiltrating lymphocytes were associated with better prognosis and decreased
rate of tumor recurrence[31,32]. Therefore, a combination of these parameters might be
more  comprehensive  in  reflecting  the  status  of  immune  response  and  systemic
inflammation. A low SII level, resulting from reduced neutrophil, platelet or increased
lymphocyte  counts,  exhibited  activation  of  systemic  immune  response  and
suppression of inflammatory reaction. Consequently, the prognosis of patients with
reduced SII level was better than those with increased SII. Moreover, according to our
results, more progressive tumor biologic characteristics was observed in patients with
high SII.

Several  limitations  should  be  taken into  consideration  when interpreting  our
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Figure 1

Figure 1  Violin plots showing the preoperative systemic immune-inflammation index level stratified by (A)
status of hepatolithiasis, (B) tumor size, (C) tumor number, (D) status of lymph node invasion, and (E) TNM
stage.aP < 0.05; bP < 0.01; eP < 0.001. SII: Systemic immune-inflammation index; TNM: Tumor-node-metastasis
according to the 8th edition of the American Joint Committee on Cancer Staging Manual.

findings. Firstly, it was a single-institutional retrospective study. Further large-scale
prospective studies are in need to validate our results. Secondly, although sub-set
analyses were performed according to potential confounding factors, there still exist
factors,  such  as  portal  hypertension  and  smoking,  would  potentially  affect  SII.
Furthermore, owing to insufficient ward beds, prompt surgical treatments were not
available for a subset of ICC patients with operative indication, the referral bias could
not be completely avoided.

In summary, the present study analyzed serum inflammation index in a subset of
ICC patients  undergoing  curative  resection  and demonstrated  the  feasibility  of
preoperative SII  as a prognostic indicator.  Patients with increased SII  level  were
associated with worse long-term survival outcomes. The SII level was an independent
risk factor for OS and RFS in patients with ICC after hepatectomy. In the future, the
SII  could  help  stratifying  patients  with  ICC,  thus  guiding  therapeutic  choices,
especially in immunotherapy.
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Table 2  Correlation between systemic immune-inflammation index and clinicopathological characteristics in derivation and validation
cohort

Variables
Derivation Validation

SII ≤ 450 SII > 450 P value SII ≤ 450 SII > 450 P value

Total patients 123 142 130 135

Age, yr 57.89 (9.5) 57.98 (11.3) 0.943 57.79 (10.7) 55.41 (10.9) 0.074

Male gender, n (%) 67 (54.5) 67 (47.2) 0.268 61 (46.9) 61 (45.2) 0.806

HBsAg, n (%) 45 (36.9) 35 (24.6) 0.033 39 (30.2) 34 (25.2) 0.413

Hepatolithiasis, n (%) 15 (12.2) 27 (19.0) 0.164 22 (16.9) 25 (18.5) 0.758

CA-199 < 22, n (%) 40 (33.1) 37 (27.2) 0.010 45 (34.9) 28 (21.2) 0.002

Platelet 139 (45) 214 (75) < 0.001 141 (50) 213 (70) < 0.001

Neutrophil 3.34 (1.0) 5.65 (2.5) < 0.001 3.46 (1.3) 5.66 (1.9) < 0.001

Lymphocyte 1.81 (1.7) 1.43 (0.5) 0.009 1.73 (0.5) 1.41 (0.5) < 0.001

Tumor size, cm 5.2 (2.3) 6.5 (2.9) < 0.001 5.40 (2.2) 6.36 (3.0) 0.007

Solitary tumor, n (%) 99 (80.5) 97 (68.3) 0.025 92 (70.8) 86 (63.0) 0.197

Well tumor differentiation, n (%) 7 (5.7) 4 (2.8) 0.357 8 (6.2) 3 (2.2) 0.110

Macrovascular invasion, n (%) 33 (26.8) 38 (26.8) 1.000 23 (17.7) 29 (21.5) 0.449

Microvascular invasion, n (%) 12 (9.8) 15 (10.6) 0.844 9 (6.9) 18 (13.3) 0.103

Node positive, n (%) 20 (16.3) 41 (28.9) 0.020 27 (20.8) 41 (30.4) 0.089

Perineural invasion, n (%) 19 (15.4) 19 (13.4) 0.732 22 (16.9) 20 (14.8) 0.745

TNM stage, n (%) 0.017 0.123

IA 22 (17.9) 11 (7.7) 16 (12.3) 14 (10.4)

IB 11 (8.9) 10 (7.0) 8 (6.2) 9 (6.7)

II 14 (11.4) 12 (8.5) 11 (8.5) 19 (14.1)

IIIA 56 (45.5) 66 (46.5) 68 (52.3) 52 (38.5)

IIIB 20 (16.3) 43 (30.3) 27 (20.8) 41 (30.4)

Age, platelet,  neutrophil and lymphocyte were shown as mean (SD). M: Male;  F:  Female; CA-199: Carbohydrate antigen-199; TNM: Tumor-node-
metastasis; SII: Systemic immune-inflammation index; HR: Hazard ratio; CI: Confidence interval.

Table 3  Univariate analysis in the derivation cohort

Variables
Overall survival Recurrence-free survival

HR 95%CI P value HR 95%CI P value

Age, yr (> 60/≤ 60) 0.917 0.669-1.258 0.592 0.998 0.749-1.330 0.991

Gender (F/M) 0.747 0.546-1.023 0.069 0.791 0.594-1.052 0.107

HBsAg 1.347 0.966-1.878 0.079 1.289 0.947-1.753 0.106

Hepatolithiasis 1.775 1.179-2.675 0.006 1.357 0.913-2.018 0.131

CA-199 (≥ 22/< 22) 1.631 1.122-2.370 0.010 1.357 0.981-1.876 0.065

Tumor size (≥ 5/< 5) 1.171 0.853-1.608 0.328 1.359 1.016-1.818 0.039

Tumor number (multiple/single) 1.686 1.204-2.362 0.002 1.953 1.436-2.658 < 0.001

Tumor differentiation (moderate-poor/well) 5.326 1.318-21.519 0.019 4.498 1.434-14.110 0.010

Macrovascular invasion 1.076 0.753-1.538 0.688 1.014 0.756-1.453 0.776

Microvascular invasion 1.683 1.062-2.667 0.027 2.022 1.325-3.088 0.001

Node positive 2.696 1.928-3.769 < 0.001 1.955 1.424-2.684 < 0.001

Perineural invasion 1.174 0.832-1.656 0.360 1.443 0.976-2.134 0.066

TNM stage (III/I-II) 1.663 1.090-2.539 0.018 1.529 1.130-2.068 0.006

NLR (> 2.65/≤ 2.65) 1.609 1.171-2.212 0.003 1.482 1.111-1.978 0.007

PLR (> 110/≤ 110) 1.482 1.069-2.055 0.018 1.325 0.989-1.776 0.060

SII (> 450/≤ 450) 1.774 1.285-2.449 < 0.001 1.455 1.088-1.946 0.011

M: Male; F: Female; CA-199: Carbohydrate antigen-199; TNM: Tumor-node-metastasis; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte
ratio; SII: Systemic immune-inflammation index; HR: Hazard ratio; CI: Confidence interval.

WJGO https://www.wjgnet.com April 15, 2020 Volume 12 Issue 4

Li H et al. Prognostic significance of SII in ICC

473



Table 4  Multivariate analysis in the derivation cohort

Variables
Overall survival Recurrence-free survival

HR 95%CI P value HR 95%CI P value

Hepatolithiasis 1.348 0.870-2.088 0.182

CA-199 (≥ 22/< 22) 1.458 0.979-2.170 0.064

Tumor size (≥ 5/<5) 0.873 0.556-1.371 0.555

Tumor number (multiple/single) 1.666 1.140-2.434 0.008 1.679 1.200-2.348 0.002

Tumor differentiation (moderate-poor/well) 3.061 0.739-12.675 0.123 2.813 0.877-9.022 0.082

Microvascular invasion 0.938 0.556-1.582 0.809

Node positive 2.377 1.586-3.562 < 0.001 1.881 1.316-2.688 0.001

TNM stage (III/I-II) 0.682 0.456-1.022 0.064 0.756 0.527-1.085 0.129

SII (> 450/≤ 450) 1.774 1.245-2.528 0.002 1.385 1.005-1.909 0.046

M: Male; F: Female; CA-199: Carbohydrate antigen-199; TNM: Tumor-node-metastasis; SII: Systemic immune-inflammation index; HR: Hazard ratio; CI:
Confidence interval.
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Figure 2

Figure 2  Kaplan-Meier curves for overall survival and recurrence-free survival stratified by systemic immune-inflammation index (A and D), neutrophil-to-
lymphocyte ratio (B and E) and platelet-to-lymphocyte ratio (C and F) in the derivation cohort. SII: Systemic immune-inflammation index; NLR: Neutrophil-to-
lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio.
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Figure 3

Figure 3  Kaplan-Meier curves for overall survival and recurrence-free survival stratified by systemic immune-inflammation index (A and D), neutrophil-to-
lymphocyte ratio (B and E) and platelet-to-lymphocyte ratio (C and F) in the validation cohort. SII: Systemic immune-inflammation index; NLR: Neutrophil-to-
lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio.
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Figure 4
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Figure 4  Subgroup analyses for overall survival based on clinicopathologic features in the entire cohort. SII: Systemic immune-inflammation index.
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Figure 5
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Figure 5  Subgroup analyses for recurrence-free survival based on clinicopathologic features in the entire cohort. SII: Systemic immune-inflammation index.

ARTICLE HIGHLIGHTS
Research background
Intrahepatic cholangiocarcinoma (ICC) is a subtype of cholangiocarcinoma, representing 15%-
20% of all primary liver cancer. The incidence of ICC is increasing over the years. Among all
therapeutic strategies for ICC, surgical resection remains the mainstay. However, the prognosis
of ICC patients following surgical resection remains poor. Therefore, it is necessary to investigate
effective  biomarkers  or  prognostic  models  for  ICC  patients  following  hepatic  resection.
Inflammation has been reported to play a crucial role in tumor biology. Recently, inflammation-
based indexes, such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR)
and systemic immune-inflammation index (SII), have been used to evaluate the prognosis of
patients with diverse cancers. However, no data exists until now, evaluating the prognostic
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value of SII for ICC.

Research motivation
Timely and effective establishment of prognostic models for ICC patients undergoing curative
resection is of great value for the long-term outcomes of these patients.

Research objectives
This  study  aimed  to  investigate  the  prognostic  significance  of  SII  in  patients  with  ICC
undergoing hepatic resection.

Research methods
We retrospectively reviewed ICC patients who underwent initial hepatectomy with curative
intent at West China Hospital between January 2009 and September 2017. Enrolled patients were
randomly stratified into derivation and validation cohort. The correlation between SII level and
patients’ prognosis were analyzed using Kaplan-Meier curves and Cox proportional hazards
regression.

Research results
Five  hundred  and  thirty  ICC  patients  were  finally  included  and  randomly  divided  into
derivation (n = 265) and validation cohort (n = 265). The baseline characteristics were comparable
between two groups. The optimal cut-off value for SII was 450. At a median follow-up of 18 mo
(range,  1-115.4 mo),  317 (59.8%) patients  died and 381 (71.9%) patients  experienced tumor
relapse. Low SII level correlated with better OS and RFS (both P < 0.05). Multivariate analyses
identified multiple tumors, node invasion and high SII level as independent risk factors for OS,
while multiple tumors, node invasion and high SII level were identified as independent risk
factors for RFS.

Research conclusions
Patients with increased SII level correlated with worse OS and earlier tumor recurrence. Elevated
SII level was an independent risk factor for OS and RFS in patients with ICC after hepatectomy.

Research perspectives
Future studies focusing on the molecular mechanisms underlying the correlation between SII
level and patient clinical outcomes are required.
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