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Background and aim: Preoperative systemic inflammatory biomarkers, including neutrophil
to lymphocyte ratio (NLR), derived neutrophil to lymphocyte ratio (ANLR), platelet to
lymphocyte ratio (PLR), and lymphocyte to monocyte ratio (LMR) have been developed to
predict patient outcome in several types of carcinomas. The aim of this study was to investigate
the potential prognostic value of NLR, dNLR, PLR, and LMR, and establish a prognostic
nomogram in postoperative GBC patients who underwent radical cholecystectomy.
Methods: 169 GBC patients were retrospectively enrolled in the present study. ROC curve
analysis was used to determine the optimal cut-off values of systemic inflammatory
biomarkers. The prognostic value of those biomarkers was investigated according to the
Kaplan-Meier method and Cox regression model. A relevant prognostic nomogram was
established.

Results: Results showed that NLR, dNLR, PLR, and LMR were significantly associated
with overall survival (OS); whereas, NLR and LMR were retained as independent indicators.
Based on these independent predictors including tumor differentiation, T stage, N stage,
CEA, NLR, and LMR, a nomogram was generated with an accuracy of 0.801.
Conclusion: Based on our findings, the predictive nomogram could accurately predict
individualized survival probability of postoperative GBC patients, and might support clin-
icians in treatment optimization and clinical decision-making.

Keywords: gallbladder carcinoma, systemic inflammatory biomarker, prognosis, overall

survival, nomogram

Introduction

Gallbladder cancer (GBC) is one of the most common primary biliary tract
malignancies.' * Based on the data obtained from the Surveillance, Epidemiology
and End Results (SEER) program, the incidence of GBC is estimated at 2.5 per
100,000 persons.”® Symptoms related to GBC can be vague and nonspecific,
further complicating early detection.”® Besides, due to aggressive biological beha-
vior of the cancer and the aberrant anatomical characteristics of the gallbladder,
prognosis of GBC patients is poor.”'® Undoubtedly, if the condition of patients
allowed, surgical intervention might render probability of long-term overall survival
(0S)."" However, despite recent continuous development of diagnosis and treat-
ment of the disease, it is still a highly lethal cancer.'
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Currently, histopathologic classifications and clinico-
pathological parameters such as tumor grade, stage, histo-
logic type, lymph node status, and CEA are primarily used
to draw correlations with survival. The prognosis of cer-
tain GBC patients who have undergone radical surgical
resection remains appalling.> Recently, those clinico-
pathological parameters and some prognostic models are
difficult to exactly evaluate the prognosis.'*'> Hence, it is
expected that a combination of some specific GBC indi-
cators into conventional clinicopathological characters will
exactly predict prognosis.

Increasing research has indicated that systemic inflam-
matory response plays an important role in the initiation,
progression, metastasis, and treatment resistance in a variety
of malignancies including GBC.'*'® Some cancer patients
usually present with systemic inflammatory response, which
could be detected by change of peripheral blood cell
amounts.'” Based on the count of circulating inflammatory
cells, several prognostic biomarkers such as neutrophil to
lymphocyte ratio (NLR),'*2® derived neutrophil to lympho-
cyte ratio (ANLR),?" platelet to lymphocyte ratio (PLR),*
and lymphocyte to monocyte ratio (LMR)> have been
developed to predict patient outcome in various carcinomas.
According to previous research, the roles of those prognos-
tic biomarkers in GBC were less well known and no more
responding prognostic nomogram was established.

Therefore, we aimed to verify the relationships of pre-
treatment inflammatory biomarkers including NLR, dNLR,
PLR, and LMR with prognosis of GBC patients who have
undergone radical surgery and attempted to establish a
prognostic nomogram with improved predictive capacity.

Materials And Methods

Patients

The study enrolled all GBC patients who underwent radi-
cal cholecystectomy at Jing Zhou Central Hospital, the
second clinical medical college, Yangtze University
between January 2010 and May 2017. Eligible patients
were included according to the following criteria: 1)
patient underwent radical cholecystectomy; 2) patient
with histological diagnosis of GBC; 3) patient with com-
plete clinical and histological information as well as fol-
low-up data; 4) patient aged > 18 years old; 5) patient has
complete peripheral blood cell count data. The exclusion
criteria were : 1) patient had other malignancies; 2) patient
had perioperative surgery-associated mortality; 3) patient
had autoimmune disease or

systemic  infection,

inflammation. At last, 169 GBC patients remained and
were analyzed in our study. Written informed consent
was obtained from every eligible patient or their family
members. The study was approved by the Ethical
Committee of Jing Zhou Central Hospital, the second
clinical medical college, Yangtze University. The methods
were carried out in accordance with the relevant guidelines
and regulations. Patients' records were anonymized and
de-identified prior to analysis. This study was conducted
in accordance with the Declaration of Helsinki.

Follow-Up

Patients were routinely followed up every 3 months for the
first year, every 4 months for the second year, and every 6
months thereafter in our institute. The post-treatment surveil-
lance program consisted of physical examination, cytological
assessment, and abdominal computed tomography or ultra-
sound. Follow-up was terminated in February 2019. The
endpoint was OS during the interval surgery and death or
the last follow-up. To maximally reduce the extent of bias,
two clinicians performed follow-up and review, respectively.

Data Collection

Baseline clinicopathological parameters were obtained from
medical records: age at surgery, gender, presence of a con-
comitant disease (hypertension, diabetes mellitus or cystic
liver), tumor-node-metastasis (TNM) stage, and pathological
report. The hematological parameters including CEA, hemo-
globin, monocyte, albumin, platelet, leukocyte and neutro-
phil were extracted from blood tests within 2 weeks prior to
surgery. Preoperative anemia was defined as a baseline
hemoglobin level of < 120 g/L for male or < 110 g/L for
female. The eighth edition of the American Joint Committee
on Cancer (AJCC-8th) TNM classification was used to define
TNM stage. The definitions of inflammatory response bio-
markers are described as follows: NLR = neutrophil to lym-
phocyte ratio; dNLR = neutrophil to (white cell count —
neutrophil count) ratio; PLR = platelet count to lymphocyte
ratio; and LMR = lymphocyte to monocyte ratio.

Surgical Management

The detailed surgical approach was determined by primary
tumor invasion based on the AJCC staging criteria. For patients
with incidental GBC detected by histopathological examina-
tion, a second radical resection was performed except for Tis
and T1a. In Tis and T1a patients, simple cholecystectomy was
the radical treatment. Cholecystectomy with radical resection
which encompasses 3 cm of liver parenchyma segment IVb
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and V plus adequate lymphadenectomy is the main procedure
for T1b gallbladder cancer. Cholecystectomy with a more
formal resection of segments IVb and V plus adequate lym-
phadenectomy is the method of choice for T2 lesions of GBC.
In T3 cancer, radical surgery includes an extended right hepa-
tectomy with possible caudate lobectomy, regional lymphade-
nectomy, extirpation of other affected structures and even
pancreaticoduodenectomy or adjacent organs' resection. In
T4 disease, tumor has vascular invasion such as portal vein
or hepatic artery. If the condition of patients allowed, radical
surgery for T3 cancer plus vascular reconstruction is the radical
treatment for T4 cancer.

Statistical Analysis

The optimal cut-off level of biomarker was determined by
receiver operating curve (ROC) analysis. Kolmogorov—
Smirnov test was used to reveal a non-normal distribution
(each P < 0.050). Thus, they were shown as median and
range. Nonparametric Wilcoxon rank-sum test or Kruskal-
Wallis test was used to determine associations of NLR,
dNLR, PLR, and LMR with other categorized clinicopatho-
logical factors. Survival analysis was calculated using
Kaplan-Meier method and significant difference was identi-
fied by log rank test. Variables shown to have significant
prognostic value by univariate analysis were further ana-
lyzed based on multivariate Cox proportional hazards
model. A nomogram for possible prognostic variables asso-
ciated with OS was established by R software version 3.3.1
using the package of rms. Calibration plots were performed
to examine the performance characteristics of predictive
nomogram. The predictive accuracy of nomogram was
evaluated by Harrell’s concordance index (C-index), which
is a measure of discrimination. C-index ranges from 0.5 (no
predictive power) to 1 (perfect prediction). All the statistical
analyses were performed using PASW Statistics 23.0 soft-
ware (SPSS Inc., Chicago, IL, US) or R version 3.3.1 soft-
ware (Vienna, Austria). Two-sided P value of less than 0.05
was considered to indicate a significant difference.

Results

Patient Characteristics

Baseline characteristics of 169 GBC patients were summar-
ized in Table 1. Among these patients, the median age at
diagnosis was 64 years old (range 30-87 years old). 55
(32.544%) patients were male. Based on the TNM staging
system, 16 patients presented with stage I, followed by 37
with 11, 76 with stage I1I, and 40 with stage [V. Regarding the

Table | Baseline Characteristics Of GBC Patients

Patient Characteristics n/Median (Range)

Age (years) 64 (30-87)
55/114

36 (21.302%)
13 (7.692%)

27 (15.976%)

Gender (male/female)
Hypertension (%)
Diabetes mellitus (%)
Liver cysts (%)

Differentiation (well/moderate/poor) 29/68/72
Gallstones (%) 82 (48.521%)
Anemia (%) 51 (30.178)

T stage (T1/T2/T3/T4) 17/51/80/21

N stage (NO/NI/N2) 79167123

TNM (I/1/1117V1) 16/37/76/40
Death (%) 120 (71.006%)
Survival time 14 (1-97)

CEA (ng/mL) 4.14 (0.80-562.12)
Hemoglobin (g/L) 120 (60-166)
Monocyte (k/mm?) 0.45 (0.01-2.17)
Lymphocyte (k/mm?) 1.28 (0.19-3.51)
Albumin (g/dL) 38.80 (21.80-50.41)
Platelet (k/mm?) 174 (37-525)
Leukocyte (k/mm?) 5.80 (1.60-16.91)

Neutrophil (k/mm?)
NLR 3.26 (0.83—44.32)
dNLR 2.03 (0.67-35.08)

PLR 145.21 (31.79-2282.61)
LMR 2.98 (0.43-234.00)

3.90 (1.00-15.20)

Note: The values are expressed as the median (range).

Abbreviations: TNM, tumor-node-metastasis; NLR, neutrophil to lymphocyte
ratio; dNLR, derived neutrophil to lymphocyte ratio; PLR platelet to lymphocyte
ratio; LMR, lymphocyte to monocyte ratio.

pathological differentiation level of tumor, 17.160%,
40.237%, and 42.603% of patients were histologically diag-
nosed with well, moderately, and poor differentiated disease,
respectively. A minority of the patients had concomitant
diabetes mellitus, hypertension or hepatic cysts. About
48.521% had a previous history of gallstones. The mean of
monocyte, lymphocyte, platelet, leukocyte, and neutrophil
count was 0.45 k/mm’® (range 0.01-2.17k/mm?),
1.28 k/mm?® (range 0.19-3.51 k/mm?), 174 k/mm” (range
37-525 k/mm?), 5.80 k/mm® (range 1.60-16.91 k/mm?),
and 3.90 k/mm? (range 1.00-15.20 k/mm?), respectively.
After follow-up, 120 (71.006%) patients died of GBC, with
an estimated median OS of 14 months (range 1-97 months).

The Optimal Cut-Off Values For NLR,
dNLR, PLR, And LMR

The ROC curves of these inflammatory biomarkers were
depicted in Figure 1. The areas under curve (AUC) for
PLR, NLR, dNLR, and LMR were 0.600, 0.643, 0.648,
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Figure | Optimal cut-off values for NLR (A), dNLR (B), PLR (C) and LMR (D) were applied with ROC curves for OS.

and 0.645, respectively. The optimal cut-off value was
145.33 for PLR; 2.61 for NLR 1.78 for dNLR, and 2.66
for LMR by ROC curve analysis. Based on the optimal
cut-off values, patients were subsequently divided into two
groups.

Correlations Of NLR, dNLR, PLR, And
LMR With Other Clinicopathological

Features

Potential associations of NLR, dNLR, PLR, and LMR
with other clinicopathological variables were explored
(Table 2). Results revealed that poor tumor differentiation

was correlated with elevated NLR, dNLR, and PLR, as
well as descended LMR. Besides, advanced TNM stage
and N stage were significantly correlated with elevated
PLR and decreased LMR. In addition, LMR was signifi-
cantly lower in patients with advanced T stage or anemia.
No significant difference of the other clinicopathological

variables with these inflammatory biomarkers was found.

Associations Of Inflammatory

Biomarkers With OS
The 1-, 3-, and 5-year survival rates were 55.621%, 31.361%,
and 19.523%, respectively (Figure 2A). Kaplan—Meier curve
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Table 2 Associations Of Inflammation-Based Markers With Clinicopathologic Characteristics Of GBC Patients
Variables NLR dNLR PLR LMR
Median (Range) | P value | Median (Range) | P value | Median (Range) P value | Median (Range) | P value
Total 3.26 (0.83—44.32) 2.03 (0.67-35.08) 145.21 (31.79-2282.61) 2.98 (0.43-234.00)
Age (years) 0.496 0.762 0.705 0.481
<60 3.46 (1.09-44.32) 2.09 (0.79-35.08) 154.89 (38.14-656.36) 3.14 (0.61-165.00)
260 3.09 (0.83-37.30) 2.03 (0.67-22.75) 141.41 (31.79-2282.61) 2.88 (0.43-234.00)
Gender 0.255 0.371 0.475 0.225
Male 3.64 (0.83—44.32) 2.18 (0.67-35.08) 146.56 (31.79-656.36) 3.27 (0.78-234.00)
Female 3.13 (0.85-38.00) 1.98 (0.75-22.75) 143.01 (38.14-2282.61) 2.8 (0.43-165.00)
Hypertension 0.869 0.985 0.942 0.727
Present 3.26 (0.85—44.32) 2.17 (0.75-35.08) 135.39 (31.79-380.00) 2.95 (0.85-12.40)
Absent 3.26 (0.83-38.00) 2.03 (0.67-22.75) 145.83 (38.14-2282.61) 3.02 (0.43-234.00)
Diabetes mellitus 0916 0.974 0516 0.054
Present 3.33 (1.40-5.98) 2.00 (0.97-4.16) 149.01 (31.79-342.52) 3.52 (1.86-165.00)
Absent 3.24 (0.83-44.32) 2.04 (0.67-35.08) 144.83 (38.14-2282.61) 2.89 (0.43-234.00)
CEA 0.960 0.767 0.553 0.068
<3.14 3.31 (0.83-44.32) 2.00 (0.67—-35.08) 151.46 (31.79-2282.61) 3.20 (0.43-234.00)
>3.14 3.24 (0.85-38.00) 2.07 (0.75-22.75) 139.93 (38.14-656.36) 2.68 (0.61-84.00)
Differentiation 0.009% 0.008% 0.024% 0.002%
Well 2.30 (0.85-30.33) 1.68 (0.75-22.75) 106.25 (45.83—458.54) 3.88 (1.33-18.00)
Moderate 3.30 (0.83-38.00) 2.04 (0.67-20.00) 141.95 (38.14-604.17) 3.05 (0.43-234.00)
Poor 3.56 (1.32-44.32) 2.26 (1.00-35.08) 159.74 (31.79-2282.61) 2.54 (0.61-165.00)
Gallstones 0.161 0.107 0.887 0.385
Present 2.97 (0.83-30.33) 1.95 (0.67-22.75) 145.33 (41.46—458.54) 3.12 (0.43-18.00)
Absent 3.36 (1.23-44.32) 2.21 (0.91-35.08) 144.44 (31.79-2282.61) 2.95 (0.61-234.00)
T stages 0.175 0.203 0.066 0.020%
TI 2.36 (1.18-44.32) 1.78 (0.97-35.08) 97.86 (45.83—458.54) 3.88 (1.29-10.43)
T2 3.00 (0.83-38.00) 1.97 (0.67-22.75) 127.78 (31.79-604.17) 3.21 (1.03-234.00)
T3 3.78 (1.09-37.30) 2.31 (0.79-20.00) 160.05 (41.46-2282.61) 2.79 (0.43-165.00)
T4 3.18 (1.48-6.07) 1.90 (1.12-3.62) 158.72 (46.45-346.05) 2.51 (1.00-4.59)
N stages 0.184 0.203* 0.012% 0.001%
NO 2.89 (0.85-44.32) 1.86 (0.75-35.08) 121.81 (31.79-656.36) 3.37 (1.03-234.00)
NI 3.40 (0.83-37.30) 2.13 (0.67-20.00) 148.42 (38.14-2282.61) 2.55 (0.43-165.00)
N2 3.90 (2.10-11.33) 2.49 (1.62-5.66) 191.51 (88.46-377.50) 2.42 (0.78-12.40)
TNM stages 0.292 0.404 0.035% 0.002%
I 233 (1.18-44.32) 1.73 (0.97-35.08) 97.66 (45.83-458.54) 4.02 (1.29-10.43)
1l 2.77 (0.85-38.00) 1.78 (0.75-22.75) 120.00 (31.79-604.17) 3.73 (1.03-234.00)
I 3.62 (0.83-37.30) 2.14 (0.67-20.00) 148.72 (38.14-2282.61) 2.86 (0.43-165.00)
Vi 3.28 (1.48-11.33) 2.22 (1.12-5.66) 166.91 (46.45-377.50) 2.43 (0.78-12.40)
Anemia 0.150 0.130 0.127 0.009*
Present 3.20 (0.83-50.50) 2.23 (0.97-13.20) 148.42 (60.43-656.36) 2.50 (0.78-9.31)
Absent 3.58 (1.18-29.71) 1.89 (0.67-35.08) 143.47 (31.79-2282.61) 3.20 (0.43-234.00)
Liver cysts 0.761 0.879 0918 0.685
Present 3.32 (0.83-44.32) 2.12 (0.92-9.49) 146.56 (66.18-282.26) 2.88 (1.19-12.40)
Absent 3.06 (1.15-15.91) 2.03 (0.67-35.08) 143.47 (31.79-2282.61) 3.04 (0.43-234.00)
(Continued)
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Table 2 (Continued).

Variables NLR dNLR PLR LMR
Median (Range) | P value | Median (Range) | P value | Median (Range) P value | Median (Range) | P value
Death 0.001%* 0.001%* 0.039% 0.020"
Present 3.54 (0.85-38.00) 222 (0.75-22.75) 153.01 (31.79-2282.61) 2.68 (0.43-165.00)
Absent 2.29 (0.83-44.32) 1.64 (0.67-35.08) 114.39 (60.43—458.54) 3.20 (1.30-234.00)

Note: “P value < 0.050. P value of less than 0.050 was considered to indicate significant difference. The P value was calculated by nonparametric Wilcoxon rank-sum test.
Abbreviations: TNM, tumor-node-metastasis; NLR, neutrophil to lymphocyte ratio; dNLR, derived neutrophil to lymphocyte ratio; PLR platelet to lymphocyte ratio; LMR,

lymphocyte to monocyte ratio.

revealed that conventional tumor differentiation and TNM
stage were significantly associated with OS (Figure 2B
and C). In addition, poor postoperative outcome was corre-
lated to high NLR, dNLR, and PLR as well as low LMR
(Figure 3A-D).

As shown in Table 3, results from univariate analysis
indicated that CEA [HR: 1.463; 95% CI: 1.011-2.118; P =
0.044], tumor differentiation [HR: 2.029; 95% CI: 1.560—
2.639; P < 0.001], T stage [HR: 2.278; 95% CI: 1.773—
2.928; P < 0.001], N stage [HR: 2.166; 95% CI: 1.680—
2.792; P <0.001], TNM stage [HR: 2.190; 95% CI: 1.734—
2.765; P <0.001], NLR [HR: 2.268; 95% CI: 1.525-3.373;
P < 0.001], dNLR [HR: 1.906; 95% CI: 1.294-2.808; P =
0.001], PLR [HR: 2.152; 95% CI: 1.485-3.118; P < 0.001],
and LMR [HR: 2.048; 95% CI: 1.421-2.951; P < 0.001]
were significant prognostic factors for OS. To avoid the
occurrence of collinearity of TNM stage with T stage and
N stage, TNM stage was not enrolled into multivariate Cox
regression modeling because it was calculated based on
T stage, N stage, and M stage. Multivariate analysis indi-
cated that tumor differentiation [HR: 1.459; 95% CI: 1.064—
2.002; P = 0.019], T stage [HR: 1.850; 95% CI: 1.389-
2.463; P < 0.001], N stage [HR: 1.516; 95% CI: 1.116—
2.059; P =0.008], CEA [HR: 1.704; 95% CI: 1.156-2.513;
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P = 0.007], NLR [HR: 3.298; 95% CI: 1.359-8.000;
P = 0.008], and LMR [HR: 1.549; 95% CI: 1.051-2.283;
P =0.027] were independent prognostic parameters for OS.

Nomogram For The Predication Of OS
A responding prognostic nomogram was established using
all the significant independent parameters for OS consisting
of tumor differentiation, T stage, N stage, CEA, NLR, and
LMR. Each variable was assigned a weighted number of
points in the nomogram, then the sum of points for each
GBC patient was in accordance with a specific 1-, 3-, and 5-
year OS (Figure 4A). In the nomogram, a lower point
indicated a better OS. For internal validation, the boot-
strapped calibration plot of the nomogram predicting 1-,
3-, and S-year survival performed well with the ideal
model (Figure 4B-D). C-index of tumor TNM stage and
differentiation was 0.650, and 0.747, respectively. Whereas,
the value of the nomogram improved to 0.801.

Discussion

Like the results of prior studies,”**

several GBC prog-
nostic models such as tumor differentiation and TNM

stage were confirmed as independent predictors.

However, those tumor-related factors only reflect the
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Figure 3 Kaplan-Meier curves for overall survival probability according to the preoperative NLR (A), dNLR (B), PLR (C), and LMR (D), respectively.

degree of cancer progression and partially explain the
prognostic heterogeneity.”® Hence, it is expected that a
combination of some specific GBC indicators into conven-
tional tumor-related factors such as TNM stage will
exactly predict prognosis. With that objective in mind,
we aimed to probe into the prognosis of pretreatment
inflammatory biomarkers and attempted to establish a
prognostic nomogram with improved predictive capacity
in GBC patients. To the best of our knowledge, this study
is the first to screen more powerful predictive biomarkers
in those systemic inflammatory indexes and establish a
prognostic nomogram based on those powerful biomarkers

and conventional prognostic markers in GBC patients who
have undergone radical cholecystectomy.

Recently, emerging evidence has shown that an inflam-
matory microenvironment plays an important role in car-
cinogenesis, tumor growth, invasion, and metastasis.?’ >’
Contemporary studies have led to a general acceptance
that prognosis of a cancer patient is determined not solely
by tumor-related factors, but also by host response to
systemic inflammation.*® A better understanding of the
prognostic relationship of systemic inflammation and can-
cer patients might contribute to prevention and treatment
of cancer. Host systemic inflammation could be reflected
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Table 3 Univariate Cox Proportional Hazards Regression Analysis For Overall Survival (OS) In Patients With Gallbladder Carcinoma

(GBC)

Variables Factors Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value
Age (years) 260 vs <60 0.928 (0.622-1.382) 0.712
Gender Male vs Female 1.054 (0.718-1.548) 0.787
Hypertension Present vs Absent 1.180 (0.956—1.456) 0.124
Diabetes mellitus Present vs Absent 1.234 (0.644-2.364) 0.527
CEA (ng/mL) >3.14 vs <3.14 1.463 (1.011-2.118) 0.044% 1.704 (1.156-2.513) 0.007%
Differentiations Per | degree increase 2.029 (1.560-2.639) <0.001% 1.459 (1.064-2.002) 0.019*
Liver cysts Present vs Absent 0.789 (0.458-1.359) 0.393
Gallstones Present vs Absent 0.950 (0.661-1.368) 0.784
Anemia Present vs Absent 1.233 (0.834-1.822) 0.293
T stage Per | stage increase 2.278 (1.773-2.928) <0.001% 1.850 (1.389-2.463) < 0.001%
N stage Per | stage increase 2.166 (1.680-2.792) <0.001% 1.516 (1.116-2.059) 0.008
TNM stage Per | stage increase 2.190 (1.734-2.765) <0.001% NG NG
NLR 22.61 vs <2.61 2.268 (1.525-3.373) <0.001% 3.298 (1.359-8.000) 0.008%
dNLR 2].78 vs <1.78 1.906 (1.294-2.808) 0.001* 0.494 (0.217-1.126) 0.093
PLR 214533 vs <145.33 2.152 (1.485-3.118) <0.001% 1.221 (0.785-1.899) 0.376
LMR <2.66 vs 22.66 2.048 (1.421-2.951) <0.001% 1.549 (1.051-2.283) 0.027%

Note: “P value < 0.050. P value of less than 0.050 was considered to indicate significant difference. The P value was calculated by nonparametric Wilcoxon rank-sum test.
Abbreviations: HR, hazard ratio; Cl, confidence interval; TNM, tumor-node-metastasis; NLR, neutrophil to lymphocyte ratio; dNLR, derived neutrophil to lymphocyte
ratio; PLR platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; NG, none given.

in routine hematological tests in clinical practice.!” Blood
cell count alone might not be significantly associated with
overall survival, but systemic inflammatory biomarkers,
which are produced by combination of those cell counts,
have been considered as independent prognostic factors
for various carcinomas.

In the present study, we showed that preoperative sys-
temic inflammatory biomarkers including NLR, dNLR,
PLR, and LMR could be used as prognostic factors for
GBC patients after radical cholecystectomy. Those mar-
kers were significantly associated with OS of GBC
patients in univariate analysis. According to multivariate
analysis, NLR and LMR were retained as independent
indicators.

Although systemic inflammatory biomarkers are useful
parameters for predicting outcome of cancer patients, the
underlying mechanism largely remains to be undefined.
Following, several mechanisms of inflammatory reaction
to tumor might explain the results. Firstly, lymphocyte is a
basic component of the cellular basis of immunosurveil-
lance and immunoediting as well as the innate immune
system, which could destroy residual cancer cells and
micro metastases and then inhibit tumor cells' proliferation
and migration.?'~*? It is known that host anti-tumor activity

is mediated by cellular immune reaction related to

lymphocytes.*> 3 Gooden et al*® indicated that increasing
infiltration of lymphocytes has been significantly asso-
ciated with good prognosis and better response to treat-
ment in patients with cancer. Lymphocytopenia is also
related to tumor burden, metastatic sites, inflammatory
syndrome, and host characteristics.>**> Secondly, inflam-
mation can active monocyte to peripheral blood and then
promote their differentiation into tumor-related macro-
phages after they have been recruited to tumor tissues.*’**
Tumor-related macrophages interact with tumor cells, and
then produce various types of cytokines and chemokines
including IL-6 and tumor necrosis factor-o (TNF-a) lead-
ing to tumor progression.***° What is more, monocytes
and their progeny could function as immunosuppressive,
which also contributes to carcinogenesis, tumor growth,
invasion, and metastasis.*' Thirdly, cancer-associated
inflammatory factors such as TNF-o, IF-6, and myeloid
growth factors could trigger neutrophils, whereas elevated
neutrophils have been reported to contain and prompt
secretion of the potent angiogenesis cytokine including
vascular endothelial growth factor (VEGF) and reactive
oxygen species (ROS).**** ROS might cause host normal
cell DNA damage and genetic instability; thus, it plays an
important role in tumor microenvironment.*> Besides, neu-

trophilia could suppress activity of immune cells including
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represent 95% confidence interval.

lymphocyte, activated T cell, and natural killer cell by
inhibiting the immune system.*® Like prior studies, ele-
vated NLR and decreased LMR were associated with poor
survival time in GBC patients who have undergone radical
surgery in this study.

The correlations between inflammatory biomarkers and
clinicopathological characteristics were analyzed and
results showed that adverse systemic inflammatory bio-
markers were significantly related to poor differentiation
and advanced stage including T stage, N stage, and TNM
stage. These correlations were supported by the explana-
tion that terminal cancer patients are prone to have immu-
nosuppressive status and to suffer from inflammatory
response.*’*®

The present study attempted to establish a predictive
nomogram using all the significant independent predicators
including NLR, LMR, CEA, tumor differentiation, T stage,
and N stage to predict the probability of postoperative

patients. Calibration plots of the nomogram performed
well in predicted 1-, 3-, and 5-year OS with the ideal
model, which indicated that our nomogram was well cali-
brated to predict OS. Besides, internal validation indicated
that the nomogram had better discrimination power
(C-index, 0.801) compared to conventional tumor TNM
stage (C-index, 0.650) and differentiation (C-index, 0.747).

The findings of the present study should be interpreted
in consideration of its possible limitations. To begin with,
the study had a retrospective design with relatively small-
sized sample, which might have had a negative impact on
the findings. The prognostic significance remains to be
confirmed by multicenter clinical studies. Besides, the
nomogram lacks external validation cohort, which requires
further investigation to confirm its robustness. Thirdly,
although the cut-off values were calculated by ROC curves
based on OS, the optimal values were inconsistent with
results of previous research, which might be a result of
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different population and survival end-point. Finally, the

relevant mechanism of inflammatory reaction to tumor

was not investigated in the present study, thus, further

basic research needs to be performed to identify the

detailed mechanism of how inflammatory cells and their

progeny are involved in the pathogenesis and progression
of GBC.

Conclusion
In conclusion, preoperative NLR, dNLR, PLR, and LMR
were significant and powerful prognostic indicators for OS

in GBC patients who have undergone radical operation.

Furthermore, NLR and LMR were independent prognostic
markers for OS. The nomogram based on NLR, LMR, and
conventional clinicopathological indicators could accu-

rately predict individualized survival probability in GBC

and might support clinicians in treatment optimization and

clinical decision-making.
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