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Purpose

The systemic inflammation response index (SIRI) has been reported to have prognostic
ability in various solid tumors but has not been studied in gallbladder cancer (GBC). We
aimed to determine its prognostic value in GBC.

Materials and Methods

From 2003 to 2017, patients with confirmed GBC were recruited. To determine the SIRI's
optimal cutoff value, a time-dependent receiver operating characteristic curve was applied.
Univariate and multivariate Cox analyses were performed for the recognition of significant
factors. Then the cohort was randomly divided into the training and the validation set. A
nomogram was constructed using the SIRI and other selected indicators in the training set,
and compared with the TNM staging system. C-index, calibration plots, and decision curve
analysis were performed to assess the nomogram’s clinical utility.

Results

One hundred twenty-four patients were included. The SIRI's optimal cutoff value divided
patients into high (> 0.89) and low SIRI (< 0.89) groups. Kaplan-Meier curves according
to SIRI levels were significantly different (p < 0.001). The high SIRI group tended to stay
longer in hospital and lost more blood during surgery. SIRI, body mass index, weight loss,
carbohydrate antigen 19-9, radical surgery, and TNM stage were combined to generate a
nomogram (C-index, 0.821 in the training cohort, 0.828 in the validation cohort) that was
significantly superior to the TNM staging system both in the training (C-index, 0.655) and
validation cohort (C-index, 0.649).

Conclusion
The SIRI is an independent predictor of prognosis in GBC. A nomogram based on the SIRI
may help physicians to precisely stratify patients and implement individualized treatment.
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Introduction

Gallbladder cancer (GBC) is a relatively rare tumor type
with a poor prognosis [1]. With surgical resection currently
the only curative therapy, median survival is approximately
25 months after curative resection according to a multicenter
study in the United States conducted in 2016 [2]. It is also a
significant source of mortality among countries in Asia and
Latin America [3]. As Dr. Fortner and Pack stated in 1958,
“the 5-year survival of a patient with GBC constitutes a medi-
cal curiosity” [4]. For many decades, physicians have been
devoted to making more precise predictions of outcome for
patients with GBC. To date, the TNM staging system, which
was proposed by the American Joint Committee on Cancer
(AJCQ), remains the gold standard in cancer management
[5]. However, other factors such as patients’ demographic
features, symptoms, and laboratory test data may also have
important effects on the prognosis of GBC patients, which
will lead to great divergence in clinical outcome even in
patients at the same TNM stage. Therefore, more accurate and
reliable prognostic models for GBC are urgently required in
clinical practice.

In cancer development and progression, the inflamma-
tory response is widely recognized as an important factor [6].
Some inflammation-based biomarkers, such as the platelet-
to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio
(MLR), and neutrophil-to-lymphocyte ratio (NLR) have been
proposed, and their potential to predict prognosis of GBC
has been reported [7]. Recently, a novel inflammation-based
biomarker combining peripheral monocytes, neutrophils,
and lymphocytes count, named the systemic inflammation
response index (SIRI), was proposed by Qi et al. [8], and
shows good prognostic ability in some solid tumors includ-
ing pancreatic, gastric, esophageal, and nasopharyngeal can-
cer [9-11]. However, there is still no evidence demonstrating
whether the SIRI can act as a prognostic indicator to precisely
predict GBC patient outcome. Additionally, to the best of our
knowledge, there is no prediction model that includes inflam-
mation-based biomarkers for GBC.

Hence, the aims of our study were to investigate the SIRI's
prognostic value using our cohort of patients with GBC, and
to construct a prognostic prediction model incorporating the
SIRI and test its predictive accuracy.

Materials and Methods

1. Patients

From 1 December 2003 to 30 June 2017, a total of 124
patients diagnosed as GBC with pathological confirmation
after surgical resection at Peking Union Medical College
Hospital (PUMCH) in Beijing, China, were retrospectively
recruited to this study.

1200 CANCER RESEARCH AND TREATMENT

The inclusion criteria were described as follows: (1) GBC
confirmed by histopathological examination as the primary
diagnosis; (2) surgical resection for GBC performed; (3) rou-
tine blood test, serum tumor biomarker test, and infection
test results measured within 7 days before surgery; and (4)
complete clinicopathological information and postoperative
follow-up data available.

The exclusion criteria included: (1) lack of clear histo-
pathological diagnosis; (2) missing clinicopathological infor-
mation; (3) incomplete follow-up data; (4) other malignant
tumors present; and (5) distant metastasis.

2. Data collection

Demographic and clinical information were manually
reviewed from the medical records. We collected demogra-
phic data, symptoms such jaundice, fever, and weight loss,
medical history including hypertension and diabetes, serum
laboratory test results, physical examination findings, sur-
gical records, and histopathological reports retrospectively.
The SIRI was defined as: SIRI=NxM/L, in which N, L, and M
refer to peripheral counts of neutrophils, lymphocytes, and
monocytes. Since preoperative inflammatory status could
affect the results of the complete blood count and thus had
effect on the value of the SIRI, we also collected patients’
preoperative inflammation status and antibiotics usage. We
defined the combined inflammatory status as one of the fol-
lowing situations: (1) having acute inflammatory disease
including acute pancreatitis, acute cholecystitis, or acute
cholangitis at admission; (2) body temperature > 37.3°C at
admission with white blood cell (WBC) > 10x10°/L. GBC
stage and postoperative pathological TNM information were
determined with the use of the AJCC 8th edition classifica-
tion system [12]. The maximal tumor size, tumor differen-
tiation grade, and incisional margins were judged based on
observations made during surgery and the final histopatho-
logical reports. RO resection was defined as microscopi-
cally negative incisional margins. And radical surgery was
defined when the radical surgical protocols were carried out
and RO resection was achieved as well. The specific radical
surgical protocols were determined by the preoperative stag-
ing, operative findings and the results of cryosection biopsy.
In details, for patients at the stage Tis or Tla, simple chol-
ecystectomy was performed; for patients at the stage T1b
or T2a or T2b, cholecystectomy with > 2 cm hepatic wedge
resection were performed; for patients at the stage T3, most
of them were received cholecystectomy with en bloc hepatic
resection (segments IVB and V), and the other also received
extra hemihepatectomy and/or bile duct excision; and for
patients at the stage T4, extended radical resection including
cholecystectomy, major hepatic resection, peripheral organ
resection (omentum, stomach, duodenum, etc.) were per-
formed according to standard radical surgical procedures.
For patients at the stage T1b or higher, regional lymphad-
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Table 1. Baseline characteristics of all patients

High SIRI Low SIRI

Characteristic Total > 0.89) (< 0.89) p-value

Sex
Male 69 (55.6) 34 (50.0) 35 (62.5) 0.204
Female 55 (44.4) 34 (50.0) 21(37.5)

Age (yr)
<65 72 (58.1) 37 (54.4) 35 (62.5) 0.465
> 65 52 (41.9) 31 (45.6) 21 (37.5)

Jaundice
No 104 (83.9) 56 (82.4) 48 (85.7) 0.635
Yes 20 (16.1) 12 (17.6) 8(14.3)

Fever
No 112 (90.3) 58 (85.3) 54 (96.4) 0.064
Yes 12 (9.7) 10 (14.7) 2 (3.6)

Fatigue
No 115 (92.7) 61 (89.7) 54 (96.4) 0.182
Yes 9(7.3) 7(10.3) 2 (3.6)

Weight loss
No 78 (62.9) 41 (60.3) 37 (66.1) 0.577
Yes 46 (37.1) 27(39.7) 19 (33.9)

Gallstone
No 69 (55.6) 43 (63.2) 26 (46.4) 0.071
Yes 55 (44.4) 25 (36.8) 30 (53.6)

Hypertension
No 86 (69.4) 52 (76.5) 34 (60.7) 0.078
Yes 38 (30.6) 16 (23.5) 22(39.3)

Diabetes
No 97 (78.2) 54 (79.4) 43 (76.8) 0.828
Yes 27 (21.8) 14 (20.6) 13(23.2)

Combined inflammatory status
No 120 (96.8) 65 (95.6) 55 (98.2) 0.626
Yes 4(3.2) 3(4.4) 1(1.8)

Preoperative antibiotics usage
No 116 (93.5) 62(91.2) 54 (96.4) 0.292
Yes 8(6.5) 6(8.8) 2(3.6)

BMI (kg/m?)
>24 56 (45.2) 29 (42.6) 27 (48.2) 0.589
<24 68 (54.8) 39 (57.4) 29 (51.8)

CA19-9 (U/mL)
> 40 62 (50.0) 41 (60.3) 21(37.5) 0.019
=40 62 (50.0) 27 (39.7) 35 (62.5)

Maximum tumor size (cm) 3.00 (1.77-4.85) 3.00 (1.87-5.00) 2.60 (1.60-4.50) 0.341

Histologic type
Adenocarcinoma 119 (96.0) 64 (94.1) 55 (98.2) 0.377
Other 5 (4.0) 4(5.9) 1(1.8)

Resection (R0)
No 43 (34.7) 33(48.5) 10 (17.9) 0.001
Yes 81 (65.3) 35 (51.5) 46 (82.1)

Radical surgery
No 54 (43.5) 39 (57.4) 15 (26.8) 0.001
Yes 70 (56.5) 29 (42.6) 41(73.2)

(Continued to the next page)
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Table 1. Continued

.. High SIRI Low SIRI
Characteristic Total é’ 0.89) (< 0.89) p-value
Tumor differentiation
Gl 28 (22.6) 12 (17.6) 16 (28.6) 0.371
G2 44 (35.5) 24 (35.3) 20 (35.7)
G3 37(29.8) 24 (35.3) 13(23.2)
Gx 15 (12.1) 8 (11.8) 7 (12.5)
TNM stage
0 4(3.2) 2(2.9) 2(3.6) 0.024
I 11 (8.9) 2(2.9) 9 (16.1)
A 12(9.7) 5(7.4) 7 (12.5)
1IB 2(1.6) 1(1.5) 1(1.8)
A 39 (31.5) 20 (29.4) 19 (33.9)
1B 41 (33.1) 26 (38.2) 15 (26.8)
IVA 4(3.2) 2(2.9) 2(3.6)
IVB 11 (8.9) 10 (14.7) 1(1.8)
Follow-up (mo) 20.00 (7.75-34.00)  12.50 (6.00-29.50)  27.00 (16.25-48.25)  0.009
Death
No 45 (36.3) 17 (25.0) 28 (50.0) 0.005
Yes 79 (63.7) 51 (75.0) 28 (50.0)

Values are presented as number (%) or median (range). SIRI, systemic inflammation response index; BMI, body mass index; CA19-9, car-

bohydrate antigen 19-9; TNM, tumor-node-metastasis.

enectomy was performed. Patients who received palliative
surgery were based on one of the following reasons: (1)
unresectable disease by operative findings; (2) comorbidity
and aging, which could not bear the radical surgery; (3) false
cryosection biopsy reports during operation; and (4) declined
by the patient’s relatives. The purpose of the palliative sur-
gery was to clarify of diagnosis and relieve of the symptoms
such as jaundice and abdominal pain. After discharge, all
patients were regularly followed up. The last follow-up time
and survival status were recorded. Overall survival (OS) was
defined as the interval between the date of surgery and death
or the last follow-up time. The last follow-up time was Feb-
ruary 2020. After screening, the inclusion criteria were met
by 124 patients that were included afterwards.

3. Statistical analysis

Categorical variables are presented as numbers and per-
centages, whereas continuous variables including the SIRI
are presented by the median and first and third quartiles.
Continuous variables such as body mass index (BMI) and
carbohydrate antigen 19-9 (CA19-9) were transformed into
categorical variables on the basis of routine cutoff values in
the clinical application. The SIRI’s optimal cutoff value for
OS was calculated by applying a time-dependent receiver
operating characteristic (ROC) analysis. Survival curves were
plotted through the Kaplan-Meier method. Log-rank test was
used to compare the differences between subgroups. Based
on the SIRI cutoff value, patients were divided into high SIRI
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and low SIRI group. The correlations between different SIRI
groups and clinicopathological variables were analyzed by
Mann-Whitney U tests or two-sample t tests for continuous
variables based on its normality, and by Fisher exact tests or
Pearson chi-square tests for categorical variables.

Cox regression methodology was applied for univariate
analysis. Variables with a p-value no more than 0.1 in univari-
ate analysis and other potential confounding variables (e.g.,
the combined inflammatory status and preoperative antibiot-
ics usage) were then subjected to the multivariate Cox pro-
portional hazard regression model. The independent prog-
nostic variables were selected according to the results of Cox
proportional analyses. Then, we randomly divided the whole
cohort into the nomogram development set and validation
set in a proportion of 1:1. A prognostic nomogram was estab-
lished for predicting OS in the training cohort and Harrell’s
concordance index (C-index) was used to measure the predic-
tive accuracy both in the training and the validation cohort.
Validation was based on 1,000 bootstrap re-samplings. Nom-
ogram performance was evaluated using calibration plots.
The prognostic nomogram was then compared with the tra-
ditional TNM staging system using the C-index and decision
curve analysis both in the training and the validation cohort
[13]. All statistical analyses were performed using SPSS ver.
25.0 (IBM Corp., Armonk, NY) and R 3.6.2 software (Institute
of Statistics and Mathematics, Vienna, Austria). A two-sided
p-values < 0.05 were considered statistically significant.
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Fig. 1. Time-dependent receiver operating characteristic (ROC)
analysis of systemic inflammation response index (SIRI) for 1-,
3-, and 5-year survival. AUC, area under the curve.

4. Ethical statement

The study was approved by the Ethics Committee of
PUMCH and CAMS & PUMC (approval decision number:
S-K1110) and was conducted according to the ethical stand-
ards of the World Medical Association Declaration of Hel-
sinki [14]. In accordance with the committee’s regulations,
written informed consent was obtained from all patients

Table 2. The relationship between the SIRI and surgical outcome

who were alive.

Results

1. Patient baseline characteristics

A total of 124 patients with GBC were investigated in this
study. Study patients’ baseline characteristics are shown in
Table 1. Sixty-nine patients (55.6%) were male and 55 (44.4%)
were female. The median follow-up time was 20 months
(range, 0.5 to 153 months). Twenty (16.1%), 12 (9.7%), nine
(7.3%), and 46 (37.1%) patients developed jaundice, fever,
fatigue, and weight loss, respectively, when diagnosed with
GBC. Elevated preoperative serum CA19-9 was observed in
62 (50%) patients. Before operation for GBC, three patients
had acute pancreatitis but no one had acute cholecystitis or
cholangitis. Another one patient had elevated body tempera-
ture (> 37.3°C) with WBC > 10x10°/L. In total, four patients
were defined to have the combined inflammatory status as
previously described. Eight patients had preoperative anti-
biotics usage. Eighty-five patients (68.5%) were intended to
perform radical surgery and 70 of them (82.4%) achieved
negative margins (RO resection). The other 39 patients (31.5%)

Characteristic Total High SIRI Low SIRI p-value
Length of stay in hospital (day) 15.00 (10.25-20.00)  16.00 (10.75-20.00)  12.00 (9.00-16.50) 0.007
Hemorrhage during operation (mL) 200 (50-400) 200 (100-400) 200 (50-300) 0.001
Barthel score (before operation-after operation) 35 (15-45) 35 (10-45) 40 (15-4) 0.768
Complications
Bleeding
No 120 (96.8) 64 (94.1) 56 (100) 0.127
Yes 4(3.2) 4(5.9) 0
Infection
No 107 (86.3) 58 (85.3) 49 (87.5) 0.799
Yes 17 (13.7) 10 (14.7) 7 (12.5)
Liver failure
No 124 (100) 68 (100) 56 (100) -
Yes 0 0 0
Biliary fistula
No 120 (96.8) 65 (95.6) 55 (98.2) 0.627
Yes 4(3.2) 3(4.4) 1(1.8)
Ascites
No 121 (97.6) 66 (97.1) 55 (98.2) >0.99
Yes 3(24) 2(2.9) 1(1.8)
Others
No 113 (91.1) 60 (88.2) 53 (94.6) 0.342
Yes 11 (8.9) 8(11.8) 3(5.4)
Complications
No 95 (76.6) 49 (72.1) 46 (82.1) 0.286
Yes 29 (23.4) 19 (27.9) 10 (17.9)

Values are presented as median (range) or number (%). SIRI, systemic inflammation response index.

VOLUME 52 NUMBER 4 0CTOBER 2020 1203
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Fig. 2. Kaplan-Meier survival curves of different systemic in-
flammation response index (SIRI) groups.

received palliative surgery. According to the AJCC 8th edition,
39 patients were diagnosed as stage IIIA and 41 patients were
stage IIIB. Postoperative histopathological reports revea-
led that the majority of our patients (119 patients, 96%) had

adenocarcinoma, four patients had adenosquamous carcino-
ma, and one patient had intracholecystic papillary neoplasm.
Finally, 79 patients (63.7%) were followed until death.

2. Clinicopathological features according to the SIRI

To calculate the SIRI's optimal cutoff value, we first gener-
ated 1-, 3-, and 5-year time-dependent ROC curves according
to the SIRI's OS, as shown in Fig. 1, with areas under the
curve (AUC) of 0.682, 0.636, and 0.666 respectively. Then we
determined the SIRI’s optimal cutoff value to be 0.89 using
the 1-year time-dependent ROC curve. Based on this cutoff
value, we divided the patients into high SIRI and low SIRI
groups; the patients’ characteristics of each group are also
summarized in Table 1. Compared with the low SIRI group,
there were more patients with high CA19-9 (> 40 U/mL) in
the high SIRI group (60.3% vs. 37.5%, p=0.019). The surgical
margin as RO tended to be harder to achieve in the high SIRI
group (51.5% vs. 82.1%, p=0.001). The patients in the high
SIRI group tended to have higher TNM staging distribution
(p=0.024). Furthermore, the median follow-up time was sig-

Table 3. Univariate and multivariate Cox proportional hazards analysis for OS in 124 patients with GBC

Univariate analysis

Multivariate analysis

Characteristic
HR 95% CI p-value 95% CI p-value

Demographics

Sex (female /male) 1.126 0.759-1.671 0.573 - - -

Age (> 65 yr/< 65 yr) 1.385 0.941-2.038 0.106 - - -

BMI (< 24 kg/m?/ = 24 kg/m?) 1.988 1.268-3.118 0.002 2.008 1.162-3.471 0.013
Symptoms

Jaundice (yes/no) 1.490 0.949-2.340 0.083 1.107 0.583-2.101 0.755

Weightloss (yes/no) 1.781 1.206-2.629 0.004 1.729 1.004-2.976 0.048

Fatigue (yes/no) 1.426 0.691-2.944 0.338 - - -

Fever (yes/no) 1.128 0.600-2.120 0.708 - - -
Past medical history

Gallstone (yes/no) 1.115 0.760-1.635 0.600 - - -

Hypertension (no/yes) 1.442 0.928-2.243 0.127 - - -

Diabetes (no/yes) 1.184 0.739-1.897 0.500 - - -
Preoperative inflammation status

Combined inflammatory status (yes/no) 1.230 0.447-3.383 0.688 1.624 0.197-13.386  0.652

Preoperative antibiotics usage (yes/no) 1.221 0.516-2.888 0.649 1.781 0.533-5.944 0.348
Inflammation-based biomarkers

SIRI (high/low) 2.208 1.484-3286  <0.001 1.753 1.027-2.991 0.040
Blood test

CA19-9 (>401U/mL/< 40 IU/mL) 3.659 2.347-5.705  <0.001 2.162 1.194-3.916 0.011

Post-operation

Tumor size (>5 cm/< 5 cm) 1.125 0.637-1.986 0.686 - - -
Adenocarcinoma (no/yes) 2.104 0.767-5.774 0.148 - - -
TNM stage (III-IV/0-II) 7516  3.249-17.380 < 0.001 7.523 1.558-36.329  0.012
Radical surgery (no/yes) 3.945 2.629-5.920 < 0.001 2.940 1.676-5.159 < 0.001
Grade (G3/G1 or G2) 1.549 1.005-2.387 0.044 1.175 0.686-2.013 0.556

OS, overall survival; GBC, gallbladder cancer; HR, hazard ratio; CI, confidence interval; BMI, body mass index; SIRI, systemic inflamma-
tion response index; CA19-9, carbohydrate antigen 19-9; TNM, tumor-node-metastasis.
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Fig. 3. Time-dependent receiver operating characteristic analy-
sis of each of the selected factors and the prognostic model. SIRI,
systemic inflammation response index; BMI, body mass index;
CA19-9, carbohydrate antigen 19-9; AUC, area under the curve.

nificantly shorter in the high SIRI group (12.5 months vs. 27
months, p=0.009), with more patients reaching the state of
death (75.0% vs. 50.0%, p=0.005).

3. The relationship between the SIRI and surgical outcome

To determine whether the SIRI can predict patients’ surgi-
cal outcome, we compared the high SIRI group with the low
SIRI group in terms of length of stay in hospital, hemorrhage

during surgery, the change in Barthel score after surgery, and
different kinds of complications including bleeding, infec-
tion, liver failure, biliary fistula, ascites, and others (Table 2).
The patients in the high SIRI group tended to stay longer in
hospital as compared with the low SIRI group (16 days vs.
12 days, p=0.007). Furthermore, during surgery, patients in
the high SIRI group lost more blood than those in the low
SIRI group, though the median blood losses were equal (200
mL vs. 200 mL, p=0.001). However, no significant differ-
ences were observed in the change in Barthel score and the
incidence rates of all types of postoperative complications.
Combining the occurrence of all the complications, there was
still no significant difference between the high and low SIRI
groups (p=0.286).

4. Factors predicting OS

The Kaplan-Meier curves of OS according to the SIRI
showed significant difference, as confirmed by the log-rank
test (p < 0.001) (Fig. 2). Moreover, upon univariate analysis,
BMI > 24, jaundice, weight loss, CA19-9 > 40 U/mL, radical
surgery, TNM stage, tumor differentiation grade, and SIRI
showed statistically significant associations with OS. Multi-
variate analysis revealed that BMI < 24 (hazard ratio [HR],
2.008; 95% confidence interval [CI], 1.162 to 3.471; p=0.013),
weight loss (HR, 1.729; 95% CI, 1.004 to 2.976; p=0.048), high
SIRI (HR, 1.753; 95% CI, 1.027 to 2.991; p=0.040), CA19-9

) 0 10 20 30 40 50 60 70 80 90 100
POIntS L L il L PO ST T TR R T TN TN TN NN T SN SHN NN SN SUNY S N S S S N S S . |
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Fig. 4. Prognostic nomogram for predicting 1-, 3-, and 5-year overall survival probability based on the systemic inflammation response
index (SIRI) group, body mass index (BMI), weight loss, carbohydrate antigen 19-9 (CA19-9), radical surgery, and TNM stage in patients

with gallbladder cancer.
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Fig. 5. Nomogram calibration plot for predicting overall survival probabilities at 1 year (A, C) and 3 years (B, D).

> 40 U/mL (HR, 2.162; 95% CI, 1.194 to 3.916; p=0.011), no
radical surgery (HR, 2.940; 95% CI, 1.676 to 5.159; p < 0.001),
and TNM stage (III-IV) (HR, 7.523; 95% CI, 1.558 to 36.329;
p=0.012) were independent factors for OS (Table 3).

5. Prognostic model for prediction of OS

We first randomly equally divided the patients into the
training cohort and the validation cohort. In order to build
the prognostic model for OS prediction in the training
cohort, the resulting variables from the multivariate Cox
analysis were included. The prognostic factors included six
risk factors, including BMI, weight loss, SIRI, CA19-9, radical
surgery, and TNM stage. The time-dependent ROC curves of
each included factor and the prognostic model are shown in
Fig. 3, which showed that the SIRI's AUCs were higher than
BMI and weight loss, but lower than CA19-9, radical surgery,
TNM stage. Furthermore, the prognostic model combining
all six factors had better predictive accuracy than any of the
single factors, with AUCs of 1, 3, and 5 years as 0.897, 0.912,
and 0.913, respectively. To visualize the prognostic model
and make it more practical, a nomogram containing these six
factors was constructed (Fig. 4). Each factor in the nomogram
was assigned with a point based on its status. Summing the
total points from all variables and drawing a vertical line at
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the location of the total points scale allowed us to predict the
probabilities of the outcomes in terms of 1-, 3-, and 5-year OS
probability.

6. Comparison of predictive accuracy for OS between the
nomogram and the TNM staging system

The model’s predictive ability was assessed by calculat-
ing the C-index, which was 0.821 (95% CI, 0.759 to 0.883)
in the training cohort and 0.828 (95% CI, 0.762 to 0.894),
demonstrating the nomogram’s good predictive accuracy.
Additionally, the nomogram’s performance was graphically
evaluated by making 1- and 3-year calibration plots (Fig. 5).
The predicted line was very close to the reference line both
in the training and the validation cohort, which indicates the
model’s good performance. Finally, to test the clinical useful-
ness of our model, decision curve analysis was performed
(Fig. 6). Compared with the TNM staging system, our model
offered much better clinical utility.

We developed histograms of the nomogram-predicted
probability of 12-month survival according to different AJCC
TNM staging groupings. As shown in Fig. 7, in patients with
TNM stage ITIA and ITIB, there was a wide variety in the dis-
tribution of nomogram-predicted probabilities, ranging from
0.05 to 0.95. Additionally, the C-index of the AJCC TNM sys-
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Fig. 6. Decision curve analysis (DCA) of the model and TNM staging system for 1- (A, B), 3- (C, D), and 5-year (E, F) overall survival (OS).

tem was 0.655 (95% CI, 0.592 to 0.718) in the training cohort
and 0.649 (95% CI, 0.582 to 0.716) in the validation cohort,
which was significantly lower than our prognostic model
both in the training and the validation cohort.

Discussion

GBC is the most common malignancy in the biliary tract
system [15,16]. Although surgical resection is a potentially
curative therapy, over one-third of patients experience a

recurrence [17]. Moreover, approximately 40% of cases are
diagnosed at advanced stages [18,19]. All these factors con-
tribute to its current poor prognosis situation, with only 10%-
25% patients achieving 5-year survival [20]. Thus, the accu-
racy of prognosis prediction for different patients is crucial
for physicians to make better clinical decisions. To date, the
AJCC TNM staging system for both diagnosis and prognosis
in GBC remains the gold standard; however, its own limita-
tions in terms of its poor discrimination of the heterogeneity
among patients at the same TNM stage are still unsolvable.
To address this problem, we recognized the SIRI, a novel
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inflammation-based index, as an independent significant
prognostic indicator and developed a novel prediction mod-
el combining the SIRI and other clinicopathological factors
that has a much better predictive ability compared with the
TNM staging system.

As Hanahan and Weinberg [21] proposed, cancer-related
inflammation is one of the hallmarks of cancer, and plays a
vital role in carcinogenesis and tumor progression. Based on
this theory, someindices using peripheralimmune and inflam-
matory cells, such as PLR, MLR, and NLR, have been devel-
oped and their utility in survival prediction has been proven
[22-24]. In 2016, Qi et al. [8] described a new inflammation-
based index, the SIRI, which showed good prognostic value
in patients with pancreatic cancer. In our study, we found that
a high SIRI correlated to poor prognosis in respect of OS. Pre-
vious research has shown similar results in other solid tumors
including gastric, esophageal, and nasopharyngeal cancer
[9-11]. However, the SIRI's optimal cutoff differed among
studies, at 1.8 in pancreatic cancer and at 1.2 in esophageal
cancer [8,10]. We adopted 0.89 as the optimal cutoff to stratify
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our groups of patients, but whether it is applicable to all GBC
patients requires further validation. Additionally, our results
showed that the SIRI can also predict patients’ surgical out-
come such as length of stay in hospital and hemorrhage dur-
ing surgery. To be more specific, patients in the high SIRI
group may indicate the procedure’s higher difficulty, which
sheds new light on the SIRI regarding its potential in the
assessment of surgical difficulty and therefore enabling indi-
vidual peri-operative care decisions.

The specific mechanisms as to why a high SIRI indicates
a poor outcome in GBC patients remain unclear; however,
previous studies have revealed that lymphocytes have a
vital function in anti-tumor defense in their role as infiltrating
tumor cells, inducing cancer cell apoptosis [25]. Further-
more, the peripheral monocyte count has association with
the level of tumor-associated macrophages, which facilitate
tumor cell development and suppress the immune system
against them [26,27]. Similarly, several studies suggested that
peripheral neutrophils have a role in providing a favorable
microenvironment for tumor growth, invasion, and metasta-
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sis by means of secreting different types of cytokines includ-
ing intercellular adhesion molecule 1 [28]. Taken together,
either increasing neutrophils and monocytes or decreasing
lymphocytes will cause an elevation in the SIRI, which will
lead to a rather worse prognosis for patients with cancer.
Finally, since the SIRI is easily calculated from the results of
complete blood count tests, it is applicable to test the SIRI
frequently during follow-up. Both the SIRI's value and
dynamic changes may have the potential to serve as a mark-
er to evaluate the efficacy of adjuvant chemoradiotherapy, to
select appropriate patients to receive specific targeted ther-
apy and immune therapy, and also to monitor for possible
recurrence, although further investigations are needed.

In the present study, we took advantage of the user-friend-
ly graphical interfaces of the nomogram to demonstrate our
prediction model based on the SIRI and other clinicopatho-
logical factors including BMI, weight loss, CA19-9, radi-
cal surgery, and TNM stage. Among these factors, CA19-9
and TNM stage have also been utilized in other prognostic
models of GBC [29,30]. BMI and weight loss are also easily
acquired information, demonstrating our model’s conveni-
ence. Though jaundice is significant in univariate analysis,
it is not significant in multivariate analysis. Further studies
should investigate the prognostic role of jaundice in larger
cohorts. Compared with the traditional TNM staging sys-
tem, our prediction model had better discriminatory abil-
ity, consistency, and clinical utility, as shown in the C-index,
calibration plot, and decision curve analysis. Therefore, this
prognostic model is appropriate for predicting GBC patient
prognosis after surgery, which will be useful in helping cli-

nicians with clinical counseling, decision-making, and fol-
low-up planning. To the best of our knowledge, this is the
first report to create a nomogram combining inflammatory
indices including the SIRI and other indicators to predict OS
probability in GBC patients.

Our study has several limitations. First, it was based on a
retrospective cohort from a single center, which may cause
potential selection bias. Second, the number of patients
included in this study is relatively small; thus, further exter-
nal validation is required before our results can be applied in
other institutions. Third, this study only focused on the SIRI
and other clinicopathological factors, and other inflamma-
tion-related indexes such as C-reactive protein, liver function
test results, and coagulation were not investigated.

In conclusion, this is the first study to show that the SIRI is
an independent predictor of OS in GBC patients. Our predic-
tion model combining the SIRI and other clinicopathological
indicators performed well in predicting patient’s survival
probability, surpassing the traditional TNM staging system
regarding its predictive accuracy. It has the potential to serve
as a practical clinical tool for individualized prognostication.
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