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Background: This study was designed to investigate the prognostic value of the lymphocyte

to monocyte ratio (LMR) in patients with gallbladder carcinoma (GBC).

Patients and Methods: We retrospectively enrolled 154 consecutive GBC patients from

2005 to 2017 in this study. The LMR of preoperative blood samples was calculated by

dividing the lymphocyte count by the monocyte count. A receiver operating characteristic

(ROC) curve was employed to identify the optimal cut-off value of the LMR in the

determination of overall survival (OS). The Kaplan–Meier method was utilized to assess

OS, and the Log rank test was employed to compare survival differences. Univariate and

multivariate Cox regression analyses were conducted to detect independent prognostic

indicators.

Results: The optimal cut-off point for the LMR was 4.76 according to the ROC curve.

Patients ≤60 years old with an LMR ≤4.76 experienced significantly worse OS than those

with an LMR >4.76 (hazard ratio (HR): 0.399, 95% confidence interval (CI): 0.265–0.602,

P<0.001); however, the prognostic value of the LMR was not determined in patients >60

years old or among the entire study cohort (both P>0.05). Significantly poorer OS was

observed in patients >60 years with an LMR ≤4.21 compared to those with an LMR >4.21

(HR: 1.830, 95% CI: 1.129–2.967, P=0.014). Multivariate Cox regression analysis indicated

that both the high and low LMR cut-off values were independent risk factors for OS (HR:

0.272, 95% CI: 0.105–0.704, P=0.007; HR: 0.544, 95% CI: 0.330–0.895, P=0.017).

Conclusion: The LMR is an independent prognostic indicator for GBC patients, the cut-off

value of which is age dependent.

Keywords: gallbladder cancer, lymphocyte to monocyte ratio, LMR, survival, prognosis,

biomarker

Introduction
Gallbladder cancer (GBC), originating from the bile duct epithelium, ranks first in the

biliary tract and sixth in the gastrointestinal tract in terms of malignancy incidence,

accounting for 80–95% of all biliary tract malignancies.1,2 Due to its profound aggres-

siveness and the absence of specific symptoms during the early stage of disease, the

poor prognosis of GBC remains a challenge despite great progress in surgical inter-

vention as well as adjuvant chemotherapy. The majority of GBCs are unresectable at

initial presentation. The 5-year survival rate of GBC patients is only approximately 5%,

and their overall median survival time is less than 1 year.3,4 At present, the UICC tumor

nodemetastasis (TNM) staging classification (7th edition) is the most reliable approach
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for prognostic progression and is widely applied in clinical

practice. Nevertheless, the prognosis varies greatly even

among patients with the same TNM stage. To this end, it is

necessary to detect more reliable indicators to accurately

predict tumor recurrence and patient survival.

The systemic inflammatory response is critically

involved in the pathogenesis and progression of multiple

malignancies.5,6 On the one hand, cells involved in the

inflammatory process can generate proangiogenic mole-

cules as well as inflammatory mediators, thereby creating

a procancer microenvironment that enhances vascular

invasion but suppresses the host immune response.5–7 On

the other hand, tumors are capable of releasing cytokines

to affect the activity of blood cells related to inflammation

and immunity, such as monocytes, lymphocytes, neutro-

phils and platelets.8,9 As a marker of the systemic inflam-

matory response, the correlation between the lymphocyte

to monocyte ratio (LMR), which is calculated as a simple

ratio of total lymphocytes and total monocytes, and patient

survival has recently been investigated in various types of

cancer.10–17 As a result, most reports have suggested that

the LMR is an independent risk factor for malignancy,

whereas a few studies18–20 have suggested that either the

LMR harbors no prognostic significance for malignant

tumors or that the prognostic significance of the LMR

should be judged on a situational basis.

To our knowledge, there have been no reports to date

concerning the prognostic value of the LMR in GBC

patients. Hence, the aim of our study was to evaluate the

role of the preoperative peripheral blood LMR on the

long-term postoperative outcomes of GBC patients.

Patients and Methods
Patient Enrollment
In total, 154 GBC patients undergoing surgery at the

Department of Liver Surgery at Peking Union Medical

Hospital (PUMH) between January 2005 and May 2017

were enrolled in this retrospective study. Eligible subjects

were included according to the following criteria: 1) age

>18 years old; (2) histologically confirmed GBC; (3) no

adjuvant chemotherapy or radiotherapy prior to gallblad-

der resection; and (4) performance status of 0 or 1. The

exclusion criteria were as follows: (1) unavailable pretreat-

ment hematologic parameters or loss during follow-up; (2)

distant metastasis at the initial visit; (3) presence of other

types of cancer; (4) complications with an active infection

or any hematologic disease; or (5) medication with any

immunosuppressive agent.

Data Collection
Patient demographics and clinicopathological characteris-

tics, including age, sex, medical comorbidities, complete

blood cell count, liver function parameters, CA199 value,

histological differentiation, pathological type, T stage,

lymph node involvement, distant metastasis, TNM stage,

margin status, and maximal tumor diameter, were

extracted from the clinical records by one researcher and

reviewed by another researcher. Histopathological as well

as clinical stages were determined by postoperative histo-

pathological results and clinical evaluations according to

the AJCC TNM stage (8th edition) or the UICC TNM

classification. The preoperative lymphocytes and mono-

cytes in peripheral blood were isolated from the complete

peripheral blood. Moreover, the LMR was defined by

dividing the lymphocyte count by the monocyte count.

The definition of jaundice was a serum bilirubin concen-

tration greater than 34.2 μmol/L.

Ethical Considerations
The current study conformed to the provisions of the

Declaration of Helsinki and gained approval from the

Medical Ethics Committee at Peking Union Medical

College Hospital of Chinese Academy of Medical

Sciences and PUMC (CAMS & PUMC). All subjects

were well informed of the investigational property of this

study and signed written informed consent.

LMR
Preoperative blood specimens were collected after diagno-

sis and before surgery. A Sysmex XE-5000 automated

hematology analyzer™ (Sysmex, Kobe, Japan) was

employed to analyze the differential white blood cell

count in line with the manufacturer’s instructions. The

LMR was calculated as described in the data collection

section.

Treatment and Follow-Up
Radical cholecystectomy or palliative cholecystectomy

was performed for each eligible GBC patient. Follow-up

was conducted either by an outpatient visit or by

a telephone interview, which was performed every three

months during the first two years, every six months during

the next three years, and annually after five years. The

follow-up period was from the date of surgery to the date
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of either death or the last follow-up. Follow-up data of all

enrolled patients were available.

Statistical Analysis
Continuous data are shown as the mean ± standard devia-

tion for normally distributed data (Kolmogorov–Smirnov

test, P>0.05) and as the median (min-max) for abnormally

distributed data. Categorical data are shown as frequencies

and percentages. The χ2 test or Fisher’s exact test was

employed to determine the correlation of qualitative data

with the LMR, whereas an independent Student’s t-test

was utilized to analyze quantitative data. Receiver operat-

ing characteristic (ROC) curve analysis was performed to

determine the optimal cut-off values for the LMR. Overall

survival (OS) was defined from the date of surgery to the

date of death. OS and survival curves were plotted as

Kaplan-Meier curves by using the Log rank test. The

multivariate Cox regression model was carried out to

evaluate the hazard ratios (HRs). SPSS version 24.0

(IBM Corp., Armonk, NY) was used for statistical analy-

sis. A two-sided P value <0.05 was considered statistically

significant.

Results
Optimal Cut-Off Value of the Continuous

LMR for Survival Analysis
An ROC curve for OS was plotted to verify the optimal

cut-off value for the continuous LMR (Figure 1). As

shown in Figure 1, the area under the curve (AUC) was

recorded as 0.701 (95% CI: 0.618–0.785), and the optimal

LMR cut-off value for OS was 4.76, with the highest

sensitivity and specificity being 0.647 and 0.721, respec-

tively. Based on this value, there were 86 patients (55.8%)

with an LMR ≤4.76 and 68 patients (44.2%) with an LMR

>4.76 (Table 1).

Patient Baseline Characteristics
The median follow-up time was 17 months. There were

103 patients who died during the follow-up period, with

an estimated median OS duration of 14.5 months (range:

0.5–153.0 months). The 1-year and 2-year survival rates

were 55.8% and 35.7%, respectively. A total of 154

patients with primary GBC were included in our study,

among whom 63 (40.9%) were male and 91 (59.1%)

were female. The median age at diagnosis was 64 years

(range: 29–85 years), and 98 (63.6%) patients were >60

years old. A total of 38 (24.7%) patients had a diagnosis

of diabetes before surgery, and 75 (48.7%) had a history

of gallstones before surgery. One hundred fifty patients

(97.4%) were pathologically diagnosed with adenocarci-

noma carcinoma, 3 (1.9%) with adenosquamous cell

carcinoma and 1 (0.6%) with papillary carcinoma.

Ninety-four (61.0%) patients were histologically diag-

nosed with moderate or well differentiated disease, and

60 (39.0%) were diagnosed with poorly differentiated

disease. There were 58 (37.7%) patients with a positive

resection margin. According to the TNM staging meth-

ods, 16 (10.4%) patients were diagnosed with stage 0 or

I tumors, 16 (10.4%) with stage IIA-IIB tumors, 92

(59.7%) with stage IIIA-IIIB tumors, and 30 (19.5%)

with stage IVA-IVB tumors. The detailed baseline char-

acteristics of the patients are listed in Table 1.

Correlations Between the Preoperative

LMR and Clinicopathological Factors
Based on the cut-off value, all patients were dichotomized

into the low value group or the high value group. The

characteristics of patients in the high and low LMR groups

were compared (Table 2). We found a significant

Figure 1 Receiver operating characteristics curve (ROC) analysis based on LMR

for OS. The area under the ROC curve (AUC) indicates the diagnostic power of

preoperative LMR. In this model, the optimum cut-off point for LMR was 4.76, AUC

was 0.701 (95% CI: 0.618–0.785),with a sensitivity of 0.647 and a specificity of 0.721

by the Youden index.

Abbreviations: OS, overall survival; CI, confidence interval; LMR, lymphocyte to

monocyte ratio.
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relationship between an elevated LMR and sex (P=0.032),

resection margin (P<0.001), degree of differentiation

(P=0.013), N stage (P=0.003), T stage (P<0.001), CA199

value (P=0.033) and TNM stage (P<0.001). In contrast, no

significant associations were observed between the LMR

and age, gallstone history, comorbid diabetes, pathological

type, jaundice, distant metastasis, ABO blood group, or

tumor size (P>0.05).

Comparison of the Clinicopathological

Characteristics and LMR in Relation to

OS Postoperation
In the univariate Cox analysis, resection margin (HR: 3.683,

95% CI: 2.468–5.496, P<0.001), distant metastasis (HR:

2.550, 95% CI: 1.388–4.684, P=0.003), jaundice (HR:

2.598, 95% CI: 1.644–4.106, P<0.001), CA199 value

(HR: 3.125, 95% CI: 2.010–4.858, P<0.001), lymph node

metastasis (P<0.001), degree of differentiation (HR: 1.527,

95% CI: 1.031–2.261, P=0.035), T stage (P<0.001), TNM

stage (P<0.001) and LMR (HR: 0.399, 95% CI: 0.265–

0.602, P<0.001) were significant prognostic factors for OS

(Table 3), whereas sex, age, gallstone history, comorbid

diabetes, pathological type, ABO blood group and maxi-

mum tumor diameter were not significant predictors of OS

(P>0.05; Table 3). In the multivariate Cox regression ana-

lysis, age (HR: 1.533, 95% CI: 1.015–2.374, P=0.042),

margin status (HR: 2.350, 95% CI: 1.537–3.595,

Table 1 Baseline Characteristics of 154 Patients Who Underwent

Potential Curative Cholecystectomy

Characteristic Patients (n = 154) n (%)

Age (years) 64 (29–85)

≤60 56 (36.4%)

>60 98 (63.6%)

Sex

Male 63 (40.9%)

Female 91 (59.1%)

Cholecystolithiasis

Absent 79 (51.3%)

Present 75 (48.7%)

Diabetes

Absent 116 (75.3%)

Present 38 (24.7%)

Jaundice

Absent 129 (83.8%)

Present 25 (8.9%)

Blood Groups

A 43 (27.9%)

B 56 (36.4%)

AB 9 (5.8%)

O 46 (29.9%)

Pathological Types

Adenosquamous carcinoma 3 (1.9%)

Adenocarcinoma 150 (97.4%)

Papillocarcinoma 1 (0.6%)

Degree of Differentiation

Poor 60 (39.0%)

Moderate-well 94 (61.0%)

Resection Margin Status

Negative 96 (62.3%)

Positive 58 (37.7%)

Maximum Tumor Diameter(cm) 3 (0.2–13)

≤2.45 68 (44.2%)

>2.45 86 (55.8%)

T Stage

Tis-T1a 10 (6.5%)

T1b-T2b 29 (18.8%)

T3 103 (66.9%)

T4 12 (7.8%)

N Stage

0 98 (63.6%)

1 47 (30.5%)

2 9 (5.8%)

(Continued)

Table 1 (Continued).

Characteristic Patients (n = 154) n (%)

Distant Metastasis

Absent 142 (92.2%)

Present 12 (7.8%)

TNM Stage

0-I stage 16 (10.4%)

IIA-IIB stage 16 (10.4%)

IIIA-IIIB stage 92 (59.7%)

IVA-IVB stage 30 (19.5%)

CA199 69.3 U/mL (0.6–10.524 U/mL)

≤39 66 (42.9%)

>39 88 (57.1%)

LMR 4.31 (0.20–12.13)

≤4.76 86 (55.8%)

>4.76 68 (44.2%)
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P<0.001), TNM stage (P=0.008) and CA199 (HR: 1.712,

95% CI: 1.074–2.727, P<0.001) were independent risk fac-

tors for poor OS (Table 4).

Subgroup Analysis for Prognostic Factors

Influencing OS
When we divided the GBC patients according to age, we

found that for the younger subgroup (≤60 years old), the

LMR (HR: 0.168, 95% CI: 0.070–0.400, P<0.001), margin

status (HR: 4.428, 95% CI: 2.117–9.261, P<0.001), jaundice

(HR: 3.231, 95% CI: 1.480–7.053, P=0.003), CA199 value

(HR: 4.722, 95% CI: 2.097–10.633, P<0.001), N stage

(P=0.017), T stage (P=0.007) and TNM stage (P=0.017)

were significant prognostic factors for OS in the univariate

analysis (Table 5). A CA199 value >39 (HR: 2.671, 95% CI:

1.088–6.588, P=0.032) and an LMR ≤4.76 (HR: 0.272, 95%
CI: 0.105–0.704, P=0.007) were independent risk factors for

poor OS in the multivariate analysis (Table 5). The survival

curve stratified by the LMR showed that OS was longer in

GBC patients with an LMR >4.76 than in those with an

LMR ≤4.76 (Figure 2). For the older subgroup (>60 years

old), the univariate analysis indicated that the LMR (HR:

0.546, 95% CI: 0.337–0.885, P=0.014), margin status (HR:

3.627, 95% CI: 2.224–5.917, P<0.001), distant metastasis

(HR: 2.934, 95% CI: 1.480–5.815, P=0.002), jaundice (HR:

2.279, 95% CI: 1.288–4.033, P=0.005), CA199 value (HR:

2.417, 95% CI: 1.431–4.084, P=0.001), N stage (P=0.007),

T stage (P=0.027) and TNM stage (P<0.001) were signifi-

cant prognostic factors for OS (Table 6). A CA199 value

>39 (HR: 2.137, 95% CI: 1.250–3.651, P=0.005), margin

status (HR: 3.299, 95% CI: 1.985–5.483, P<0.001), distant

metastasis (HR: 3.117, 95% CI: 1.554–6.256, P=0.001), and

degree of differentiation (HR: 1.726, 95% CI: 1.048–2.843,

P=0.032) were independent risk factors for poor OS in the

multivariate analysis (Table 6).

Table 2 Correlation Between LMR and Clinicopathological

Characteristics in GBC Patients

Characteristics LMR P value

≤4.76 >4.76

Age (Years)

≤60 30 (19.5%) 26 (16.9%) 0.737

>60 56 (36.4%) 42 (27.3%)

Sex

Male 42 (27.3%) 21 (13.6%) 0.032

Female 44 (28.6%) 47 (30.5%)

Cholecystolithiasis

Absent 48 (31.2%) 31 (20.1%) 0.256

Present 38 (24.7%) 37 (24.0%)

Diabetes

Absent 63 40.9%) 53 (34.4%) 0.574

Present 23 (14.9%) 15 (9.7%)

Jaundice

Absent 69 (44.8%) 60 (39.0%) 0.196

Presnt 17 (11.0%) 8 (5.2%)

Blood Groups

A 24 (15.6%) 19 (12.3%) 0.105

B 33 (21.4%) 23 (14.9%)

AB 8 (5.2%) 1 (0.6%)

O 21 (13.6%) 25 (16.2%)

Pathological Types

Adenosquamous carcinoma 2 (1.3%) 1 (0.6%) 0.622

Adenocarcinoma 83 (53.9%) 67 (43.5%))

Papillocarcinoma 1 (0.6%) 0 (0.0%)

Degree of Differentiation

Poor 41 (26.6%) 19 (12.3%) 0.013

Moderate-well 45 (29.2%) 49 (31.8%)

Resection Margin Status

Negative 39 (25.3%) 57 (37.0%) <0.001

Positive 47 (30.5%) 11 (7.1%)

Maximum Tumor Diameter(cm)

≤2.45 33 (21.4%) 35 (22.7%) 0.141

>2.45 53 (34.4%) 33 (21.4%)

T Stage

Tis-T1a 2 (1.3%) 8 (5.2%) <0.001

T1b-T2b 7 (4.5%) 22 (14.3%)

T3 66 (42.9%) 37 (24.0%)

T4 11 (7.1%) 1 (0.6%)

N Stage

N0 45 (29.2%) 53 (34.4%) 0.003

N1 33 (21.4%) 14 (9.1%)

N2 8 (5.2%) 1 (0.6%)

Distant Metastasis

Absent 78 (50.6%) 64 (41.6%) 0.551

Present 8 (5.2%) 4 (2.6%)

(Continued)

Table 2 (Continued).

Characteristics LMR P value

≤4.76 >4.76

TNM Stage

0-I stage 3 (1.9%) 13 (8.4%) <0.001

IIA-IIB stage 4 (2.6%) 12 (7.8%)

IIIA-IIIB stage 55 (35.7%) 37 (24.0%)

IVA-IVB stage 24 (15.6%) 6 (3.9%)

CA199

≤39 30 (19.5%) 36 (23.4%) 0.033

>39 56 (36.4%) 32 (20.8%)
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When we divided GBC patients according to TNM

stage, we found that the LMR was not an independent risk

factor for patients with early-stage (0/I/II) (P=0.994) or

advanced-stage (III/IV stage) disease (P=0.147) based on

the multivariate Cox regression analysis.

LMR Cut-Off Value in GBC Patients >60

Years Old and Its Prognostic Significance

in This Patient Subgroup
Because the LMR cut-off value of 4.76 was not significantly

associated with OS (P=0.099) in patients >60 years old, we

Table 3 Univariate Analysis of Overall Survival in GBC Patients

Characteristics HR(95% CI) P value

Age (years) 1.473 (0.973–2.230) 0.067

≤60

>60

Sex 0.995 (0.670–1.477) 0.981

Male

Female

Cholecystolithiasis 1.198 (0.814–1.764) 0.360

Absent

Present

Diabetes 1.028 (0.651–1.623) 0.906

Absent

Present

Jaundice 2.598 (1.644–4.106) <0.001

Absent

Present

Blood groups ———— 0.113

A

B

AB

O

Pathological types ———— 0.165

Adenosquamous

carcinoma

Adenocarcinoma

Papillocarcinoma

Degree of differentiation 1.527 (1.031–2.261) 0.035

Poor

Moderate-well

Resection margin status 3.683 (2.468–5.496) <0.001

Negative

Positive

Maximum tumor

diameter(cm)

1.101 (0.744–1.630) 0.631

≤2.45

>2.45

T stage ———— <0.001

Tis-T1a

T1b-T2b

T3

T4

N stage ———— <0.001

0

1

2

(Continued)

Table 3 (Continued).

Characteristics HR(95% CI) P value

Distant metastasis 2.550 (1.388–4.684) 0.003

Absent

Present

TNM stage ———— <0.001

0-I stage

IIA-IIB stage

IIIA-IIIB stage

IVA-IVB stage

CA199(U/mL) 3.125 (2.010–4.858) <0.001

≤39

>39

LMR HR0.399 95% CI

(0.265–0.602)

<0.001

≤4.76

>4.76

Table 4 Multivariate Analysis for Overall Survival in GBC Patients

Characteristics HR(95% CI) Wald p value

Resection margin status 2.350 (1.537–3.595) <0.001

Negative

Positive

TNM stage 11.955 0.005

IIA-IIB stage/0-1stage 1.529 (0.363–6.440) 0.335 0.563

IIIA-IIIB stage/0–1stage 4.300 (1.320–14.013) 5.856 0.016

IVA -IVB stage/0–1 stage 5.899 (1.709–20.359) 7.884 0.005

Age (years) 1.553 (1.015–2.374) 0.042

≤60

>60

CA199 (U/mL) 1.712 (1.074–2.727) 0.024

≤39

>39
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identified a new cut-off value for elderly patients according

to the ROC curve for OS. As shown in Figure 3, the AUC

was 0.708 (95% CI: 0.606–0.811), and the optimal LMR

cut-off value for OS was 4.21, with the highest sensitivity

and specificity being 0.714 and 0.653, respectively. In the

multivariate analysis, an LMR ≤4.21 (HR: 0.544, 95% CI:

0.330–0.895, P=0.017) margin status (HR: 3.179, 95% CI:

1.904–5.306, P<0.001), distant metastasis (HR: 3.262, 95%

CI: 1.620–6.567, P=0.001) and CA199 value >39 (HR:

2.057, 95% CI: 1.221–3.490, P=0.007) were independent

risk factors for unfavorable OS (Table 7). The survival

curve stratified by the LMR showed that OS was longer in

GBC patients with an LMR >4.21 than in patients with an

LMR ≤4.21 (Figure 4).

Discussion
To the best of our knowledge, this is the first retrospective

study to evaluate the prognostic significance of the LMR

in patients with GBC who underwent potentially curative

resection and to describe this relationship with respect to

the age of the GBC patients. In the present study, we found

that the prognostic significance of the LMR in GBC

patients was age dependent. In patients ≤60 years old,

LMR values ≤4.76 were correlated with unfavorable OS,

but this cut-off value was not associated with a difference

in OS in patients >60 years old. However, LMR values

Table 5 Univariate and Multivariate Analysis for Overall Survival

in GBC Patients with Age ≤60 Years

Univariate Analysis

Characteristics HR(95% CI) P value

Sex 0.825 (0.415–1.640) 0.583

Male

Female

Cholecystolithiasis 0.767 (0.376–1.567) 0.467

Absent

Present

Diabetes 0.880 (0.336–2.303) 0.794

Absent

Present

Jaundice 3.231 (1.480–7.053) 0.003

Absent

Present

Blood groups ———— 0.378

A

B

AB

O

Pathological types ———— 0.058

Adenosquamous carcinoma

Adenocarnoma

Papillocarnoma

Degree of differentiation 1.475 (0.721–3.018) 0.287

Poor

Moderate-Well

Resection margin status 4.428 (2.117–9.261) <0.001

Negative

Positive

Maximum tumor diameter (cm) 1.274 (0.636–2.552) 0.494

≤2.45

>2.45

T stage ———— 0.007

Tis-T1a

T1b-T2b

T3

T4

N stage ———— 0.017

0

1

2

Distant metastasis 1.412 (0.335–5.948) 0.639

Absent

Present

TNM stage ———— 0.017

0-I stage

IIA-IIB stage

(Continued)

Table 5 (Continued).

Univariate Analysis

Characteristics HR(95% CI) P value

IIIA-IIIB stage

IVA-IVB stage

CA199 4.722 (2.097–10.633) <0.001

≤39

>39

LMR 0.168 (0.070–0.400) <0.001

≤4.76

>4.76

Multivariate Analysis

Characteristics HR(95% CI) P value

CA199 2.671 (1.088–6.588) 0.032

≤39

>39

LMR 0.272 (0.105–0.704) 0.007

≤4.76

>4.76
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≤4.21 were associated with inferior OS in patients >60

years old. The optimal cut-off value in elderly patients was

significantly lower than that in nonelderly patients.

The LMR is an inflammation- and immunity-related

biomarker defined as the ratio of lymphocytes to mono-

cytes (i.e., lymphocytes divided by monocytes). This

ratio reflects both lymphopenia, which results from

a weak, insufficient immunologic reaction to the

tumor,21 and high levels of monocytes and macrophages

present in the tumor microenvironment, which support

cancer cell invasion, migration, intravasation, and angio-

genesis and can even lead to the suppression of the

antitumor immune reaction.22,23 Therefore, the LMR,

which can be easily obtained from a peripheral blood

test, is drawing increasing attention as a prognostic

marker in multiple cancers.

In contrast to most published studies15,24-27 suggest-

ing that the LMR is an independent prognostic factor,

our study found that the prognostic value of the LMR is

age dependent in GBC patients and that different age

subgroups have different cut-off values. A single and

unique LMR cut-off value has no predictive value for

the prognosis of patients with GBC. These conclusions

were consistent with the results of studies conducted by

Wu et al,18 Koh et al19 and Giacomelli et al.20 Wu et al

reported that the LMR could not predict the prognosis

of nonmetastatic rectal cancer patients (HR: 1.034, 95%

CI: 0.682–1.566, P=0.876) despite its status as an easy

obtainable and highly efficient laboratory inflammatory

marker. Koh et al19 described patients with diffuse large

B cell lymphoma (DLBCL) and reported conclusions

similar to ours, which indicated that the prognostic

significance of the LMR in DLBCL patients was age

dependent, as the LMR was significantly different

between DLBCL patients younger than and at least 70

years of age who received rituximab plus CHOP

(R-CHOP) therapy (<30.4 VS <2.36), and the LMR

values were significantly lower in the ≥70-year-old

group than in the <70-year-old group. Therefore, they

suggested different LMR cut-off values to distinguish

high-risk and low-risk groups among elderly

patients with DLBCL. However, Giacomelli et al20

Figure 2 Survival curve according to the presence of preoperative LMR. Data compares LMR>4.76 vs.≤4.76 group (P<0.05).

Abbreviation: LMR, lymphocyte to monocyte ratio.
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demonstrated that the LMR values were variable during

the perioperative period in patients with pancreatic

cancer and showed that changes in the LMR during

the treatment course could predict OS.

The exact underlying mechanism for this phenomenon

is still unclear. These observations are inconsistent with

the conception that we usually hold: different subtypes of

lymphocytes and monocytes have different effects on

tumors. Even the same type of lymphocyte or monocyte

exerts different functions. Previous studies have shown

that different subtypes of lymphocytes could exert a -

positive,28 negative29 or neutral30 influence on nonmeta-

static rectal cancer. However, some studies have indicated

that monocytes and their progeny can promote31 or

suppress32 the migration and invasion of tumor cells.

Perhaps the unclear relationship among lymphocytes,

monocytes and the prognosis of malignant cancers leads

Table 6 Univariate and Multivariate Analysis for Overall Survival

in GBC Patients with Age>60 Years

Univariate Analysis

Characteristics HR(95% CI) P value

Sex 1.072 (0.659–1.743) 0.780

Male

Female

Cholecystolithiasis 1.396 (0.867–2.249) 0.170

Absent

Present

Diabetes 1.006 (0.594–1.702) 0.983

Absent

Present

Jaundice 2.279 (1.288–4.033) 0.005

Absent

Present

Blood groups ———— 0.091

A

B

AB

O

Pathological types 2.999 (0.408–22.046) 0.281

Adenosquamous carcinoma

Adenocarcinoma

Papillocarcinoma

Degree of differentiation 1.565 (0.973–2.517) 0.065

Poor

Moderate-well

Resection margin status 3.627 (2.224–5.917) <0.001

Negative

Positive

Maximum tumor diameter(cm) 1.015 (0.630–1.635) 0.951

≤2.45

>2.45

T stage ———— 0.027

Tis-T1a

T1b-T2b

T3

T4

N stage ———— 0.007

0

1

2

Distant metastasis 2.934 (1.480–5.815) 0.002

Absent

Present

TNM stage ———— <0.001

0-I stage

IIA-IIB stage

(Continued)

Table 6 (Continued).

Univariate Analysis

Characteristics HR(95% CI) P value

IIIA-IIIB stage

IVA-IVB stage

CA199 2.417 (1.431–4.084) <0.001

≤39

>39

LMR 0.546 (0.337–0.885) 0.014

≤4.76

>4.76

Multivariate Analysis

Characteristics HR(95% CI) P value

Resection margin status 3.299 (1.985–5.483), <0.001

Negative

Positive

Degree of differentiation 1.726 (1.048–2.843), 0.032

Poor

Moderate-well

Distant metastasis 3.117 (1.554–6.256), 0.001

Absent

Present

CA199 2.137 (1.250–3.651), 0.005

≤39

>39

LMR ———— 0.099

≤4.76

>4.76
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to the inability of the LMR to effectively predict the

prognosis of tumor patients.

When we carefully analyzed and reviewed a meta-

analysis by Nishijima et al in 201533 regarding the rela-

tionship between the LMR and tumors, we found that the

optimal LMR cut-off values differed with the average

ages of the study population. Among the included studies,

Jiang et al34 reported a prognostic impact of the LMR in

patients with nasopharyngeal carcinoma with a median

age of 51 years using an LMR cut-off value of 5.22.

Chang et al35 reported prognostic significance for the

LMR in patients with renal cell carcinoma with

a median age of 56 years using an LMR cut-off value of

4.44. Another study conducted by Temraz et al36

described the prognostic significance of the LMR in

patients with bladder cancer with a median age of 65

years using the LMR cut-off value of 2.81. The results

of the studies listed above, which are consistent with those

of our study, indicate that the LMR value is inversely

proportional to the median or mean age of the study

population.

The cause of this phenomenon may be that aging

could affect the volume and function of lymphocytes

and monocytes. A previous study37 indicated that the

total number of lymphocytes was significantly lower in

elderly people than in the overall adult population;

however, some studies showed that the number of

monocytes was normal38 or even increased39 in elderly

people relative to the respective values in normal

healthy adults. The reduced lymphocyte count and

increased monocyte count can inhibit immune system

function, causing tumor cells to migrate, invade and

metastasize.

However, there are some limitations to this study. First,

this was a single-center retrospective study that lacked

prospective data. Second, the sample size was relatively

small, which would inevitably generate uncontrolled and

unrecognized bias. Third, this study included some recent

patients with only a short follow-up period. Therefore,

prospective, multicenter studies with a large sample size

are needed to further evaluate the clinical applicability and

deficiencies of our results.

Conclusions
In conclusion, the findings of our study demonstrate that

the prognostic value of the LMR in GBC patients after

surgery is age dependent. The optimal cut-off value of

the LMR in GBC patients is significantly different

between patients ≤60 years old and those >60 years old.

Therefore, we recommend different LMR cut-off values

according to patient age in future clinical applications.

However, the true prognostic value of the LMR in pre-

dicting the outcome of GBC patients still requires further

validation.

Figure 3 Receiver operating characteristics curve (ROC) analysis based on LMR

for OS in patients >60 years old. The area under the ROC curve (AUC) indicates

the diagnostic power of preoperative LMR. In this model, the optimum cut-off point

for LMR was 4.21, AUC was 0.708 (95% CI: 0.606–0.811),with a sensitivity of 0.714

and a specificity of 0.653 by the Youden index.

Abbreviations: LMR, lymphocyte to monocyte ratio; OS, overall survival; CI,

confidence interval.

Table 7 Multivariate Analysis for Overall Survival in GBC

Patients with Age>60 Years According to the New Cut-off

Value (4.21)

Characteristics HR(95% CI) P value

Margin status HR: 3.179, 95% CI: 1.904–5.306 <0.001

Negative

Positive

Distant metastasis HR: 3.262, 95% CI: 1.620–6.567 <0.001

Absent

Present

CA199(U/mL) HR: 2.057, 95% CI: 1.221–3.490 0.007

≤39

>39

LMR HR: 0.544, 95% CI: 0.330–0.895 0.017

≤4.21

>4.21
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Abbreviations
AUC, area under the curve; CAMS & PUMC, Chinese

Academy of Medical Sciences and Peking Union Medical

College; CI, confidence interval; DLBCL, diffuse large

B cell lymphoma; GBC, gallbladder carcinoma; HR,

hazard ratio; LMR, lymphocyte to monocyte ratio; OS,

overall survival; ROC, receiver operating characteristic;

TNM, tumor node metastasis; UICC, The Union for

International Cancer Control.
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