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Purpose: We determined the prognostic value of the systemic inflammation response index 
(SIRI) in patients with cholangiocarcinoma after surgery and constructed a survival predic-
tion model based on SIRI.
Patients and Methods: We recruited 328 patients with histopathologically confirmed cholan-
giocarcinoma from 2003 to 2017 and performed Kaplan–Meier survival and Cox analyses to 
analyze the prognostic value of the SIRI and identify other significant factors. A nomogram 
involving SIRI and other clinicopathological factors was established based on the training cohort. 
The concordance index (C-index), decision curve analysis, calibration plots, and Hosmer– 
Lemeshow test were used to evaluate the clinical utility of the nomogram and to compare it with 
the traditional TNM staging system. The results were validated using a separate validation cohort.
Results: The patients were randomly divided into the training (n = 232) and validation (n = 
96) cohorts. In the training cohort, the independent factors derived from the Cox multivariate 
analysis were SIRI, platelet-to-lymphocyte ratio, jaundice, γ-glutamyl transpeptidase level, 
maximal tumor size, N stage, M stage, and radical surgery. Time-dependent receiver operat-
ing characteristic (ROC) curves showed higher AUC for SIRI than those for other inflam-
mation-based biomarkers. A nomogram containing all the independent factors showed good 
discrimination and calibration. The C-index values for overall survival, 0.737 (95% Cl: 
0.683–0.791) and 0.738 (95% Cl: 0.679–0.797) in the training and validation cohorts, 
respectively, were significantly better than those for the TNM staging system [0.576 (95% 
Cl: 0.515–0.637) and 0.523 (95% Cl: 0.465–0.581), respectively].
Conclusion: SIRI was an independent prognostic factor for cholangiocarcinoma. 
A prognostic model based on SIRI might help clinicians to stratify patients more precisely 
and provide individualized treatment.
Keywords: systemic inflammation response index, cholangiocarcinoma, prognosis, 
nomogram, survival

Introduction
Cholangiocarcinoma, the second most common hepatobiliary malignant tumor after 
hepatocellular carcinoma,1 originates from the epithelium of the bile ducts and can 
involve any part of the biliary tree.2 The incidence of cholangiocarcinoma has report-
edly been increasing in recent years,3,4 with age-adjusted rates between 2.1 per 100,000 
in black and non-Hispanic populations and 2.8–3.3 per 100,000 in Asian and Hispanic 
people.1 Since most patients at the early stage are asymptomatic, a large proportion 
have advanced-stage disease at presentation. Therefore, only approximately 35% of 
patients at an early stage have the chance to undergo surgical resection with curative 
intent.5 Moreover, nearly 30% of patients judged to be resectable on initial imaging 
tests are unresectable during exploration, resulting in positive margins in the final 
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pathology reports.6 All these factors contribute to the poor 
prognosis of cholangiocarcinoma patients, and the mortality 
is parallel to its incidence rate (approximately 1.0 per 
100,000).7,8 Thus, precise prediction of the outcome of 
patients with cholangiocarcinoma is urgently needed. The 
TNM staging system is currently the most widely used 
standard for cancer staging. Nevertheless, other clinicopatho-
logical factors might also play crucial roles in the outcome of 
patients with cholangiocarcinoma, leading to considerable 
heterogeneity in clinical prognosis among patients with the 
same stage. Hence, more accurate prognostic models for 
cholangiocarcinoma are urgently needed in the clinical 
setting.

It is widely recognized that the inflammatory response is 
an important factor in cancer development and progression.9 

Information about some immune-inflammatory cells, such as 
neutrophils, monocytes, platelets, and lymphocytes, can be 
easily acquired by performing a complete blood count test. 
Based on this, inflammation-based biomarkers including neu-
trophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte 
ratio (MLR), and platelet-to-lymphocyte ratio (PLR) have 
been investigated, and their prognostic value in cholangiocar-
cinoma has been illustrated.10,11 Recently, Qi et al proposed an 
innovative inflammation-based biomarker integrating periph-
eral counts of neutrophils, monocytes, and lymphocytes, 
namely the systemic inflammation response index (SIRI).12 

Subsequent studies have reported the prognostic ability of 
SIRI in solid tumors, such as esophageal, gastric, pancreatic, 
and nasopharyngeal cancers.13–15 However, there is still a lack 
of evidence showing whether SIRI can be a prognostic indi-
cator for predicting the outcome of patients with cholangio-
carcinoma. Additionally, to the best of our knowledge, there is 
still no prognostic model that includes inflammation-based 
biomarkers for cholangiocarcinoma.

Therefore, our research aimed to study the prognostic 
value of SIRI using a cohort of cholangiocarcinoma patients 
after surgical resection, and to construct a prognostic model 
integrating the SIRI in a training cohort and test its predictive 
accuracy in a validation cohort.

Patients and Methods
Patients
From January 1, 2003, to December 31, 2017, patients 
who received surgical treatment at our institution and 
whose pathological report revealed cholangiocarcinoma 
were recruited retrospectively for this study.

The study’s inclusion criteria were: (1) cholangiocarci-
noma as the primary diagnosis, which was confirmed 
through histopathological examination, (2) surgery per-
formed for cholangiocarcinoma, (3) the results of routine 
blood tests measured within seven days before surgery 
were available, and (4) the postoperative follow-up data 
and clinicopathological information were complete and 
available.

The study’s exclusion criteria were: (1) lack of defini-
tive histopathological diagnosis of cholangiocarcinoma, 
(2) missing clinicopathological information, (3) incom-
plete follow-up data, and (4) the comorbid presence of 
other malignant tumors.

After screening, the 328 patients who were subse-
quently enrolled met the inclusion criteria. The entire 
cohort was randomly divided into training and validation 
cohorts in a 7:3 ratio using the “caret” package of 
R version 3.6.2.

Ethics Statement
This study was approved by the Institutional Review 
Board of the Peking Union Medical College Hospital 
(PUMCH) (No: S-K1110). Informed consent was obtained 
from all the patients according to the Committee’s regula-
tions. The study was performed in accordance with the 
ethical standards of the Declaration of Helsinki.16

Data Collection
Related medical records were manually reviewed to obtain 
demographic and clinical information. We collected the 
patients’ demographic information, clinical symptoms, 
serum test results, surgical reports, and histopathological 
results. Inflammatory biomarkers, including the SIRI, 
NLR, MLR, and PLR, were defined as follows: SIRI = 
N*M/L, NLR=N/L, MLR=M/L, and PLR = P/L, where N, 
M, L, and P refer to the peripheral counts of neutrophils, 
monocytes, lymphocytes, and platelets, respectively. The 
7th edition of the AJCC TNM classification system was 
used to determine the preoperative clinical and postopera-
tive pathological TNM stages.17 The incisional margins 
and maximal tumor size were determined based on the 
final histopathological reports. Radical surgery was 
defined as the requirement of radical surgical protocols 
with microscopically negative incisional margins. All 
patients underwent regular follow-ups after discharge. 
The time of the last follow-up was June 2020, and the 
survival status of the patients was recorded. The overall 
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survival (OS) was calculated based on the time interval 
from the time of surgery to the time of death or the last 
follow-up.

Statistical Analysis
Continuous variables are presented as median, first, and 
third quartiles, while categorical variables are expressed as 
numbers and percentages. According to the routine cutoff 
value in clinical applications, continuous variables such as 
carbohydrate antigen 19–9 (CA19-9) and carcinoembryo-
nic antigen (CEA) were converted into categorical vari-
ables. The optimal cutoff value for inflammation-based 
biomarkers for OS was calculated using x-tile software.18 

The Kaplan–Meier method was used to draw the survival 
curves. Differences between subgroups were compared 
using Log rank tests. The patients were divided into 
high- and low-SIRI groups according to the optimal SIRI 
cutoff value. The correlations between clinicopathological 
variables and the SIRI groups were analyzed using two- 
sample t- or Mann–Whitney U-tests for continuous vari-
ables based on normality and Pearson chi-squared or 
Fisher’s exact tests for categorical variables. All statistical 
analyses were performed using R software (version 4.0.2, 
Institute of Statistics and Mathematics, Vienna, Austria) 
and SPSS software (version 25.0, IBM Corp., Armonk, 
NY, USA). A two-sided P value of <0.05, was considered 
statistically significant.

In the training cohort, the Cox regression method was 
applied to the univariate analysis. The multivariate Cox 
proportional hazards regression model was then applied to 
the variables with P values not greater than 0.1, in uni-
variate analysis. The covariates included in the prediction 
model were selected based on the results of Cox regression 
analysis. A prognostic nomogram was established to pro-
vide a predictive model for use as a calculation tool for 
predicting OS.

In the validation cohort, the prediction model was 
verified by measuring the discrimination ability and cali-
bration. We used Harrell’s concordance index (C-index) to 
measure the discrimination ability. The validation was 
based on 1000 bootstrap resamplings. The calibration of 
the model was assessed using calibration plots, and the 
calibration effect was evaluated with the Hosmer– 
Lemeshow test. The C-index was also used to compare 
the discrimination abilities of the prediction model and the 
traditional TNM staging system. A decision curve analysis 
(DCA) was also carried out to determine the clinical 

usefulness by calculating the net benefits at different 
threshold probabilities.19

Results
Baseline Characteristics of Patients
This study investigated 328 patients with cholangiocarci-
noma. In 224 (68.3%) patients, the tumor was located in 
the extrahepatic site, and the rest had intrahepatic cholan-
giocarcinoma. Baseline clinicopathological characteristics 
of the study patients for the whole (n=328), training 
(n=232), and validation (n=96) cohorts are shown in 
Table 1. In the entire cohort, 196 (59.8%) patients were 
men and 132 (40.2%) were women. One-hundred- 
seventeen (35.7%) patients were aged 65 years or older 
when they underwent surgery. Forty-six (14.0%), 78 
(54.3%), and 231 (70.4%) patients developed fever, weight 
loss, and jaundice, respectively, as diagnosed with cholan-
giocarcinoma. Elevated serum CA19-9 and CEA levels 
were observed in 254 (77.4%) and 60 (18.3%) patients, 
respectively. According to the AJCC 7th edition, one 
(0.3%), 129 (39.3%), 119 (36.3%), 54 (16.5%), and 25 
(7.6%) patients had stage 0, I, II, III, and IV disease, 
respectively. Surgical resection with curative intent was 
achieved in 183 (55.8%) patients; the remaining patients 
did not undergo radical surgery. For 25 (7.6%) patients 
with TNM stage IV disease, palliative surgery was per-
formed to relieve patient symptoms. The median follow-up 
time was 18.5 months (range form 1.0–192.0 months). 
Finally, 213 patients (64.9%) died.

Clinicopathological Characteristics 
According to SIRI
The optimal cutoff values of SIRI, MLR, NLR, and PLR 
generated using the x-tile software were 0.68, 0.24, 
3.15, and 106.20, respectively. In the training and vali-
dation cohorts, the patients were divided into high SIRI 
(>0.68) and low SIRI (≤0.68) groups based on the 
optimal SIRI cutoff value. Table 1 summarizes the char-
acteristics of each patient. Compared to patients in the 
low SIRI group in both the training and validation 
cohorts, the high SIRI group had more patients aged ≥ 
65 years and more patients with higher MLR, higher 
NLR, and elevated serum lactate dehydrogenase (LDH) 
levels. In the training cohort, the mortality rate 
increased from 42.9% to 72.7% between the low and 
high SIRI groups (p=0.000), while that in the validation 
cohort increased from 43.5% to 69.6% (p=0.022). In the 
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Table 1 Baseline Characteristics of All Patients

Characteristics All 
(n=328), 
No. (%)

Training Cohort (n=232), No. (%) Validation Cohort (n=96), No. (%)

High SIRI 
(>0.68) 
(n=176)

Low SIRI 
(≤0.68) (n=56)

P High SIRI 
(>0.68) (n=73)

Low SIRI 
(≤0.68) (n=23)

P

Gender Male 196 (59.8) 104 (59.1) 32 (57.1) 0.797 46 (63.0) 14 (60.9) 0.853
Female 132 (40.2) 72 (40.9) 24 (42.9) 27 (37.0) 9 (39.1)

Age < 65 211 (64.3) 110 (62.5) 45 (80.4) 0.013 37 (50.7) 19 (82.6) 0.007
≥65 117 (35.7) 66 (37.5) 11 (19.6) 36 (49.3) 4 (17.4)

BMI < 24 189 (57.6) 110 (62.5) 34 (60.7) 0.819 33 (45.2) 12 (52.2) 0.510
≥24 139 (42.4) 66 (37.5) 22 (39.3) 40 (54.8) 11 (47.8)

Jaundice No 97 (29.6) 53 (30.1) 18 (32.1) 0.774 22 (30.1) 4 (17.4) 0.230
Yes 231 (70.4) 123 (69.9) 38 (67.9) 51 (69.9) 19 (82.6)

Fever No 282 (86.0) 153 (86.9) 49 (87.5) 0.912 59 (80.8) 21 (91.3) 0.239
Yes 46 (14.0) 23 (13.1) 7 (12.5) 14 (19.2) 2 (8.7)

Weight loss No 150 (45.7) 78 (44.3) 27 (48.2) 0.610 32 (43.8) 13 (56.5) 0.137
Yes 178 (54.3) 98 (55.7) 29 (51.8) 41 (56.2) 10 (43.5)

HBV No 301 (91.8) 164 (94.8) 50 (89.3) 0.254 65 (89.0) 22 (95.7) 0.343
Yes 27 (8.2) 12 (5.2) 6 (10.7) 8 (11.0) 1 (4.3)

MLR <0.24 133 (40.5) 40 (22.7) 53 (94.6) 0.000 20 (27.4) 20 (87.0) 0.000
≥0.24 195 (59.5) 136 (77.3) 3 (5.4) 53 (72.6) 3 (13.0)

NLR <3.15 189 (57.6) 76 (43.2) 55 (98.2) 0.000 36 (49.3) 22 (95.7) 0.000
≥3.15 139 (42.4) 100 (56.8) 1 (1.8) 37 (50.7) 1 (4.3)

PLR <106.20 62 (18.9) 24 (13.6) 18 (32.1) 0.002 13 (17.8) 7 (30.4) 0.194
≥106.20 266 (81.1) 152 (86.4) 38 (67.9) 60 (82.2) 16 (69.6)

CA19-9 ≤40 74 (22.6) 34 (19.3) 22 (39.3) 0.002 11 (15.1) 7 (30.4) 0.100
>40 254 (77.4) 142 (80.7) 34 (60.7) 62 (84.9) 16 (69.6)

CEA ≤5 268 (81.7) 137 (77.8) 51 (91.1) 0.034 58 (79.5) 22 (95.7) 0.078
>5 60 (18.3) 39 (22.2) 5 (8.9) 15 (20.5) 1 (4.3)

AFP ≤20 315 (96.0) 168 (95.5) 53 (94.6) 0.407 71 (97.3) 23 (100.0) 0.362
>20 13 (4.0) 8 (4.5) 3 (5.4) 2 (2.7) 0 (0.0)

ALT ≤50 93 (28.4) 46 (26.1) 19 (33.9) 0.258 22 (30.1) 6 (26.1) 0.709
>50 235 (71.6) 130 (73.9) 37 (66.1) 51 (69.9) 17 (73.9)

AST ≤40 83 (25.3) 46 (26.1) 16 (28.6) 0.673 16 (21.9) 5 (21.7) 0.986
>40 245 (74.7) 130 (73.9) 40 (71.4) 57 (78.1) 18 (78.3)

TBIL ≤22.2 89 (27.1) 46 (26.1) 16 (28.6) 0.713 23 (31.5) 4 (17.4) 0.381
>22.2 239 (72.9) 130 (73.9) 40 (71.4) 50 (68.5) 19 (82.6)

DBIL ≤6.8 70 (21.3) 38 (21.6) 16 (28.6) 0.224 12 (16.4) 4 (17.4) 0.676
>6.8 258 (78.7) 138 (78.4) 40 (71.4) 61 (83.6) 19 (82.6)

TBA <10 133 (40.5) 78 (44.3) 23 (41.1) 0.127 24 (32.9) 8 (34.8) 0.945
≥10 195 (59.5) 98 (55.7) 33 (58.9) 49 (67.1) 15 (65.2)

GGT ≤60 41 (12.5) 23 (13.1) 8 (14.3) 0.816 8 (11.0) 2 (8.7) 0.757
>60 287 (87.5) 153 (86.9) 48 (85.7) 65 (89.0) 21 (91.3)

(Continued)
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training cohort, more patients in the high SIRI group 
experienced elevated CA19-9 (p=0.002) and CEA 
(p=0.034) levels; fewer patients underwent radical sur-
gery (56.3% vs 71.4%, p=0.044) and a decreased 

median follow-up time was observed (16.50 vs 27.00 
months, p=0.001) compared to those in the low SIRI 
group; no significant difference was found in the valida-
tion cohort.

Table 1 (Continued). 

Characteristics All 
(n=328), 
No. (%)

Training Cohort (n=232), No. (%) Validation Cohort (n=96), No. (%)

High SIRI 
(>0.68) 
(n=176)

Low SIRI 
(≤0.68) (n=56)

P High SIRI 
(>0.68) (n=73)

Low SIRI 
(≤0.68) (n=23)

P

ALP ≤125 64 (19.5) 34 (19.3) 16 (28.6) 0.142 12 (16.4) 2 (8.7) 0.359
>125 264 (80.5) 142 (80.7) 40 (71.4) 61 (83.6) 21 (91.3)

LDH ≤250 266 (81.1) 141 (80.1) 52 (92.9) 0.026 52 (71.2) 21 (91.3) 0.049
>250 62 (18.9) 35 (19.9) 4 (7.1) 21 (28.8) 2 (8.7)

Alb ≥35 269 (82.0) 141 (80.1) 50 (89.3) 0.117 58 (79.5) 20 (87.0) 0.421
<35 59 (18.0) 35 (19.9) 6 (10.7) 15 (20.5) 3 (13.0)

PA ≥200 98 (29.9) 49 (27.8) 21 (37.5) 0.185 23 (31.5) 5 (21.7) 0.803
<200 230 (70.1) 127 (72.2) 35 (62.5) 50 (68.5) 18 (78.3)

Scr ≤104 312 (95.1) 167 (94.9) 55 (98.2) 0.646 68 (93.2) 22 (95.7) 0.449
>104 16 (4.9) 9 (5.1) 1 (1.8) 5 (6.8) 1 (4.3)

Category ECC 224 (68.3) 114 (64.8) 41 (73.2) 0.243 51 (69.9) 18 (78.3) 0.435
ICC 104 (31.7) 62 (35.2) 15 (26.8) 22 (30.1) 5 (21.7)

Max tumor size < 5cm 289 (88.1) 150 (85.2) 52 (92.9) 0.138 64 (87.7) 23 (100.0) 0.077
≥5cm 39 (11.9) 26 (14.8) 4 (7.1) 9 (12.3) 0 (0.0)

N stage 0 213 (70.4) 112 (63.6) 37 (66.1) 0.741 48 (65.8) 16 (69.6) 0.735
1 115 (29.6) 64 (36.4) 19 (33.9) 25 (34.2) 7 (30.4)

M stage 0 323 (98.5) 172 (97.7) 56 (100.0) 0.255 72 (98.6) 23 (100.0) 0.573
1 5 (1.5) 4 (2.3) 0 (0.0) 1 (1.4) 0 (0.0)

TNM stage 0 1 (0.3) 0 (0.0) 1 (1.8) 0.074 0 (0.0) 0 (0.0) 0.579
I 129 (39.3) 67 (38.1) 25 (44.6) 27 (37.0) 10 (43.5)

II 119 (36.3) 67 (38.1) 16 (28.6) 28 (38.4) 8 (34.8)

III 54 (16.5) 24 (13.6) 12 (21.4) 13 (17.8) 5 (21.7)

IV 25 (7.6) 18 (10.2) 2 (3.6) 5 (6.8) 0 (0.0)

Radical No 145 (44.2) 77 (43.7) 16 (28.6) 0.044 41 (56.2) 11 (47.8) 0.484
Yes 183 (55.8) 99 (56.3) 40 (71.4) 32 (43.8) 12 (52.2)

Follow-up (months), 
median (IQR)

18.50  
(11.00– 

39.75)

16.50  
(10.25–36.00)

27.00  
(14.25–59.75)

0.001 15.00  
(8.50–33.00)

23.00  
(14.00–39.00)

0.122

Death No 115 (35.1) 48 (27.3) 32 (57.1) 0.000 22 (30.1) 13 (56.5) 0.022
Yes 213 (64.9) 128 (72.7) 24 (42.9) 51 (69.9) 10 (43.5)

Note: The bold text indicates that the P value is less than 0.05. 
Abbreviations: SIRI, systemic inflammation response index; CA19-9, carbohydrate antigen 19–9; CEA, carcinoembryonic antigen; AFP, alpha-fetoprotein; TNM, tumor- 
node-metastasis; BMI, body mass index; HBV, hepatitis B virus; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; TBA, total bile acids; GGT, γ-glutamyl transpeptidase; ALP, alkaline 
phosphatase; LDH, lactate dehydrogenase; Alb, albumin; PA, prealbumin; Scr, serum creatinine; ECC, extrahepatic cholangiocarcinoma; ICC, intrahepatic 
cholangiocarcinoma.
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The Predictive Factors of OS
In the training cohort, the OS Kaplan–Meier curves based 
on the SIRI showed significant differences, which was 
confirmed by the Log rank test (P=0.00; Figure 1A). The 
same result was observed in the validation cohort (P=0.03; 
Figure 1B). Moreover, we divided the entire cohort based 
on tumor location (extrahepatic cholangiocarcinoma 
[ECC] or intrahepatic cholangiocarcinoma [ICC]) and sur-
gery type (radical or palliative). The OS Kaplan–Meier 
curves according to the SIRI in the above-mentioned sub- 
cohorts also showed significant differences (Figure 1C–F). 
We then performed Cox proportional hazards analysis for 
OS in the training cohort (Table 2). In univariate analysis, 
jaundice, CA19-9, γ-glutamyl transpeptidase (GGT), alka-
line phosphatase (ALP), LDH, albumin (Alb), maximal 
tumor size, N stage, M stage, radical surgery, and all the 
inflammation-based biomarkers were statistically asso-
ciated with OS (p<0.1). Then the multivariate analysis 
showed that jaundice (hazard ratio [HR]:2.0980; 95% con-
fidence interval [CI]: 1.1567–3.805; P=0.015), high SIRI 
(HR:1.8892; 95% CI: 1.0870–3.2836; P=0.002), PLR 
(HR:1.9085; 95% CI: 1.1392–3.1972; P=0.017), GGT 
(HR:2.38; 95% CI: 1.1313–5.0072; P=0.022), maximal 
tumor size (HR:2.5509; 95% CI: 1.3096–4.969; 
P=0.006), N stage (HR:1.8034; 95% CI: 1.2337–2.6364; 
P=0.002), M stage (HR:4.3937; 95% CI: 1.1853–16.2874; 
P=0.027), and radical surgery (HR:0.3675; 95% CI: 
0.2558–0.528; P=0.000) were independent factors to pre-
dict OS.

The Establishment of Prediction Model 
for OS
The prognostic model for OS was established using 
variables obtained from the multivariate analysis. The 
prognostic clinicopathological factors included eight risk 
factors, including SIRI, PLR, jaundice, GGT, maximal 
tumor size, N stage, M stage, and radical surgery. The 
time-dependent receiver operating characteristic (ROC) 
curves of the prognostic model including all eight risk 
factors, the prognostic model excluding SIRI and PLR, 
and the TNM staging system are shown in Figure 2A, 
which shows that the model integrating all eight factors 
was much more reliable in predicting OS than the TNM 
staging system, with 1-, 3-, and 5-year areas under the 
ROC curves (AUCs) of 0.799, 0.802, and 0.867, respec-
tively (AUCs of TNM staging system in 1-, 3-, and 
5-years: 0.607, 0.593, and 0.602, respectively). The 

model integrating all factors also had larger AUCs 
within the full-time range than those for the model 
without SIRI and PLR. Furthermore, the AUCs of 
SIRI were also higher than those of the other inflamma-
tion-based biomarkers, including MLR, NLR, and PLR 
(Figure 2B). We then constructed a nomogram contain-
ing all these eight factors to make the prognostic model 
more visualized and practical, as shown in Figure 3. We 
assessed the predictive ability of the model in the train-
ing cohort using the C-index, which was 0.737 (95%Cl: 
0.683–0.791), indicating good discrimination accuracy 
of the nomogram. The C-index of the TNM staging 
system in the training cohort was 0.576 (95%Cl: 
0.515–0.637). Furthermore, the performance of the 
nomogram was evaluated using 1-, 3-, and 5-year cali-
bration plots (Figure 4A, C and E). The predicted and 
reference lines had a high degree of coincidence, indi-
cating good performance of the model (Hosmer– 
Lemeshow test, P = 0.458, 0.813 and 0.205 for 1-, 3-, 
and 5-year OS in the training cohort, respectively).

Validation of the Predictive Accuracy of 
the Nomogram
In the validation cohort, the AUC of the nomogram for 1, 
3, and 5 years was 0.822, 0.784, and 0.842, respectively 
(the corresponding AUC of the TNM staging system was 
0.566, 0.582, and 0.590, respectively). Moreover, the 
C-index of the nomogram for OS prediction (0.738, 95% 
Cl: 0.679–0.797) was significantly higher than that of the 
TNM staging system (0.523, 95%Cl: 0.465–0.581, 
P<0.05). The 1-, 3-, and 5-year calibration plots 
(Figure 4B, D and F) for the probability of OS also 
showed an optimal agreement between actual observation 
and prediction using the prognostic model (Hosmer– 
Lemeshow test, P = 0.322, 0.174 and 0.792 for 1-, 3-, 
and 5-year OS in the validation cohort, respectively). In 
addition, DCA for the prognostic model and TNM staging 
system (Figure 5) showed that our prognostic model was 
more beneficial than all or none of the patients’ dead 
scheme if the threshold probability of a patient was 
above 30%. Moreover, in this range, our model provided 
more benefits than the TNM staging system. In addition, 
compared to the model without SIRI and PLR, the prog-
nostic model integrating all the factors also had preferable 
clinical utility, except for the 5-year DCA in the validation 
cohort.
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Figure 1 Kaplan–Meier survival curves of different systemic inflammation response index (SIRI) groups. (A) Training cohort; (B) Validation cohort; (C) Patients with 
extrahepatic cholangiocarcinoma; (D) Patients with intrahepatic cholangiocarcinoma; (E) Patients who received radical surgery; (F) Patients who underwent palliative 
surgery.
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Comparison of the Predictive Accuracy 
for OS Between the Nomogram and the 
TNM Staging System
Based on the prognostic model developed in this study, we 
divided the entire cohort into four groups with different risks. 
The OS Kaplan–Meier curves according to the prognostic 
model’s risk demonstrated significant differences, which was 
confirmed by the Log rank test (P=0.00, Figure 6A). In addi-
tion, the prognostic classification of the model was even better 
than that of the TNM staging system (Figure 6B), with more 
separated curves and no crossing lines in the full-time range. 
Moreover, in patients with ECC or ICC, our model also 

showed better prognostic prediction performance than that of 
the TNM staging system (Figure 6C–F).

Discussion
The incidence of cholangiocarcinoma has been reported to 
increase in recent years.20,21 Although radical surgery 
remains the only curative option, many patients are diag-
nosed at an advanced stage, thus losing the opportunity for 
a cure. Multiple factors contribute to the current poor prog-
nosis, with very low 5-year survival rates and cumulative 
mortality rates increasing by 39%.22,23 Thus, an accurate tool 
for predicting the prognosis of patients with 

Table 2 Univariate and Multivariate Cox Proportional Hazards Analysis for OS in the Training Cohort

Characteristics Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P

Demographics Sex (female/male) 1.003 0.7242–1.389 0.987
Age (≥65/<65) 1.158 0.8304–1.615 0.387

BMI (≥24/<24) 0.9426 0.6545–1.358 0.751

Symptoms Jaundice (YES/NO) 1.537 1.067–2.215 0.021 2.0980 1.1567–3.805 0.015
Weight loss (YES/NO) 1.151 0.835–1.587 0.39

Fever (YES/NO) 0.9985 0.6094–1.636 0.995

Past medical history HBV (YES/NO) 1.323 0.7466–2.343 0.338

Inflammation-based biomarkers SIRI (high/low) 2.42 1.561–3.753 0.000 1.8892 1.0870–3.2836 0.002
MLR (≥0.24/<0.24) 1.654 1.184–2.31 0.00317 0.9615 0.6280–1.4720 0.866
NLR (≥3.15/<3.15) 1.764 1.28–2.43 0.000523 1.3753 0.9014–2.0984 0.139

PLR (≥106.20/<106.20) 2.065 1.276–3.344 0.00317 1.9085 1.1392–3.1972 0.017
PNI (≥44.40/<44.40) 0.6301 0.4546–0.8734 0.00556 1.3382 0.8510–2.1044 0.207

Blood test CA199(>40/≤40) 1.85 1.217–2.81 0.00396 1.2028 0.6924–2.0892 0.512
CEA (>5/≤5) 1.814 1.24–2.654 0.00216

AFP (>20/≤20) 1.91 0.884–4.125 0.0997
ALT (>50/≤50) 1.112 0.7765–1.592 0.563

AST (>40/≤40) 0.9686 0.6762–1.387 0.862
TBIL (>22.2/≤22.2) 1.273 0.8677–1.867 0.217

DBIL (>6.8/≤6.8) 1.409 0.9398–2.113 0.0969
TBA (≥10/<10) 1.279 0.9105–1.796 0.156

GGT (>60/≤60) 1.793 1.067–3.015 0.0275 2.38 1.1313–5.0072 0.022
ALP (>125/≤125) 1.379 0.919–2.07 0.121 0.5520 0.2781–1.0957 0.089
LDH (>250/≤250) 1.431 0.9482–2.161 0.0879 1.1490 0.7271–1.8158 0.552

Alb (≥35/<35) 0.5364 0.3601–0.799 0.00218 0.6561 0.3858–1.1159 0.120

PA (≥200/<200) 0.9808 0.6826–1.409 0.916
Scr (>104/≤104) 1.209 0.6585–2.219 0.541

Post-operation Tumor size(>5/≤5) 1.503 0.9637–2.344 0.0723 2.5509 1.3096–4.969 0.006
N stage (1/0) 2.028 1.461–2.815 0.000 1.8034 1.2337–2.6364 0.002
M stage (1/0) 15.91 5.535–45.75 0.000 4.3937 1.1853–16.2874 0.027

Radical (Yes/No) 0.385 0.2786–0.5319 0.000 0.3675 0.2558–0.528 0.000

Note: The bold text indicates that the P value is less than 0.05.
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cholangiocarcinoma is urgently needed in the clinical setting 
for physicians to make individualized and precise treatment. 
Although the TNM staging system for cholangiocarcinoma 
is still the gold standard, limitations such as poor discrimina-
tion among patients with the same TNM stage remain 
unresolved.

Weinberg et al believed that tumor-associated inflam-
mation plays an important role in carcinogenesis and 
tumor progression.24 Accumulating evidence has shown 
that systemic inflammation-based biomarkers including 
MLR, NLR, and PLR have prognostic roles in various 
types of tumors. More specifically, in cholangiocarcinoma, 

Figure 2 Time-dependent receiver operating characteristic (ROC) analysis of the prognostic model and TNM staging system (A) and inflammation-based biomarkers (B).

Figure 3 Prognostic nomogram for predicting 1-, 3-, and 5-year overall survival probability based on the systemic inflammation response index (SIRI) group, the platelet-to- 
lymphocyte ratio (PLR) group, maximal tumor size, N stage, M stage, radical surgery, jaundice, and γ-glutamyl transpeptidase (GGT) level in patients with 
cholangiocarcinoma.

Cancer Management and Research 2021:13                                                                                     https://doi.org/10.2147/CMAR.S317954                                                                                                                                                                                                                       

DovePress                                                                                                                       
6271

Dovepress                                                                                                                                                                Jin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 4 Nomogram calibration plot for predicting overall survival probabilities at 1 (A and B), 3 (C and D), and 5 (E and F) years in the training and validation cohorts.
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Figure 5 Decision curve analysis of the model and TNM staging system for 1- (A and B), 3- (C and D), and 5- (E and F) year survival in the training and validation cohorts.
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Figure 6 Kaplan–Meier survival curves of the Nomogram and TNM staging system in the whole (A and B), ECC (C and D), and ICC (E and F) cohorts.
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previous studies have found that NLR can predict the 
survival of patients with advanced biliary tract cancer 
who receive palliative chemotherapy.10 In contrast, the 
PLR is an independent predictor of OS in patients with 
recurrent malignant obstructive jaundice.11

In the present study, SIRI, an inflammation-based bio-
marker, was an independent prognostic factor in patients 
with cholangiocarcinoma. A SIRI value above 0.68 indi-
cated poorer prognosis compared to a SIRI value ≤0.68, 
and was also correlated with other poor clinicopathologi-
cal features such as older age, elevated serum LDH, and 
increased mortality rate. Previous research focusing on 
other types of solid tumors, such as gastric, esophageal, 
and nasopharyngeal cancer, had similar results.13–15 

However, the optimal cutoff value of SIRI differed 
among studies, which was 1.2 in esophageal cancer and 
1.8 in pancreatic cancer.12,14 In the present study, we 
employed 0.68 as the cutoff value to stratify our patients 
and validate its utility in the validation cohort; however, 
whether this cutoff applies to all cholangiocarcinoma 
patients’ needs further external inter-institutional valida-
tion. Meanwhile, time-based ROC analysis showed that 
SIRI had better prognostic ability in most time ranges as 
compared to other inflammation-based biomarkers, includ-
ing MLR, NLR, and PLR. Multivariate Cox regression 
analysis showed that only SIRI and PLR were independent 
prognostic factors among all inflammation-based biomar-
kers. Based on these findings, we established an innovative 
prediction model integrating the SIRI, PLR, and other 
factors, which demonstrated excellent predictive ability 
in both the training and validation cohorts. In addition, 
compared to the TNM staging system, the model estab-
lished in the study showed a much better predictive accu-
racy with much higher AUCs in 1, 3, and 5 years as well 
as C-index. Moreover, compared to the model that did not 
integrate the SIRI and PLR, our model had higher AUCs 
for the full-time range. Our prediction model also showed 
better clinical usefulness, as shown by DCA. Furthermore, 
the Kaplan–Meier curves of the four-group classification 
based on our model had better discrimination than the 
TNM staging system in both the whole cohort and the 
ECC or ICC cohorts. Therefore, SIRI showed potential 
as a marker for predicting the prognosis of patients with 
cholangiocarcinoma. Moreover, the model based on the 
SIRI and other factors had an outstanding predictive 
value for patients with cholangiocarcinoma after surgical 
resection. Both the SIRI and prediction model based on it 
might be applied in the clinical setting to develop more 

accurate and personalized therapeutic regimens. To our 
knowledge, this is the first study to construct 
a nomogram integrating inflammation-based biomarkers, 
including SIRI and other clinicopathological factors, to 
predict the prognosis of patients with cholangiocarcinoma, 
which showed a better predictive ability and clinical utility 
than those of the model that did not integrate inflamma-
tion-based indices.

The specific mechanism by which a high SIRI predicts 
poor outcome in patients with cholangiocarcinoma is still 
unclear; however, accumulating evidence has indicated 
that circulating lymphocytes play an important role in anti- 
tumor defense by secreting several types of cytokines such 
as tumor necrosis factor-alpha (TNF-α) and interferon- 
gamma (IFN-γ) to induce cancer cell apoptosis.25,26 

Thus, a decrease in the number and quality of lymphocytes 
might result in weakening of the immune system and 
defense of the tumor. Moreover, the peripheral counting 
of monocytes is associated with the level of tumor- 
associated macrophages, which contributes to tumor pro-
gression and suppresses the antitumor immune 
response.27,28 Likewise, circulating neutrophils can facil-
itate tumor angiogenesis by producing vascular endothelial 
growth factor.29 In addition, by secreting reactive oxygen 
species and nitric oxide, neutrophils can prevent 
T lymphocyte activation.30 Therefore, peripheral neutro-
phils may be involved in providing a favorable tumor 
microenvironment to promote tumor growth, invasion, 
and metastasis.31 Taken together, the SIRI combines all 
three peripheral immune cell counts into a single index to 
deal with complex interactions. Decreasing lymphocytes 
and increasing monocytes or neutrophils will cause an 
elevated SIRI, leading to a worse prognosis for cancer 
patients. Finally, because of its convenience, noninvasive 
nature, low price, and reproducibility, the SIRI can be 
routinely applied during the follow-up period. Both the 
preoperative value of SIRI and its dynamic changes may 
serve as biomarkers for the evaluation of the efficacy of 
adjuvant chemoradiotherapy, immune therapy, or targeted 
therapy, and for the surveillance of possible recurrence.

The present study has the following limitations. First, 
this research only studied the inflammation-based biomar-
kers before surgical resection; however, the dynamic 
changes of the SIRI and other factors during follow-up 
may also correlate with patient outcomes, which requires 
further investigation. Second, this was a single-center ret-
rospective study, which may have led to potential bias. 
Although the results were validated in a randomly divided 
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validation cohort, further external validation is needed 
before our prognostic model can be widely used. Third, 
the inclusion of different types of cholangiocarcinoma 
could amplify the heterogeneity of patients. Although rig-
orous subgroups analyses have been conducted to shown 
that the reliability of the results was not obviously com-
promised by such heterogeneity, researches are needed to 
confirm the results further in ICC, perihilar cholangiocar-
cinoma and distal cholangiocarcinoma, respectively. 
Besides, although we randomly divided the overall popu-
lation into a training cohort and a validation cohort, some 
differences in baseline characteristics between the two 
cohorts may cause potential bias.

Conclusion
In conclusion, SIRI was an independent prognostic factor 
in patients with cholangiocarcinoma. This prognostic 
model integrating SIRI and other clinicopathological fac-
tors showed good predictive accuracy in predicting 
patients’ survival probability and was better than the 
TNM staging system. It may become a reliable tool for 
doctors to conduct personalized assessments for patients 
with cholangiocarcinoma.
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