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Abstract
Introduction

The majority of cancer morbidity and mortality is caused by metastatic events, where metastasis accounts for 90%
of the mortality rate. The most common predilection of metastatic spine disease was thoracic (70%), lumbar
(20%), and cervical (10%). One of the markers in cancer is pro-inflammatory cytokines and chemokines that
present around the tumor environment. Several studies showed a strong correlation between
neutrophil/lymphocytes ratio (NLR), platelet/lymphocytes ratio (PLR), and lymphocytes/monocytes ratio (LMR)
and prognostic of the tumor.

Methods

This consecutive retrospective study was carried out from January 2014 to December 2019. Patient eligibility criteria were as
follows: 1) metastatic spine disease patient; 2) history of cancer. The patients with 1) history of trauma; 2) metastatic spine
disease with infection; 3) history of tuberculous spondylitis were excluded from the study. The outcome of this study is to
assess the eligibility of LMR in predicting the survival rate of metastatic spine disease and to look for the cut-off value of the
LMR.

Results

The ROC analysis was carried out between the LMR and the survival time of the patients. The sensitivity and specificity of
the LMR was 0.857 and 0.879, respectively. The Youden index was performed to obtain the LMR cut-off value shown in
Figure 2. The cut-off value of the LMR was 2.5250. Hence, the LMR ratio of more than 2.5250 was classified into a high
LMR and vice versa.

Conclusions

In this study, the cut-off value for serum levels of the LMR was 2,5250 with a sensitivity value of 85,7% and specificity of
87,9%. There is a significant association between LMR and survival rate as a prognostic marker for spinal metastases.
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1. Introduction

Cancer is a significant public health burden in both developed and developing countries. Based on the GLOBOCAN research,
in 2012, there were about 14.1 million new cases and 8.2 million deaths caused by cancer.(Torre et al., 2015) The majority of
cancer morbidity and mortality is caused by metastatic events, where metastasis accounts for 90% of the mortality rate. (Guan,
2015)

Cancer treatment has developed rapidly. Hence, it increases the survival rate in patients with advanced cancer. However, bone
metastasis remains a problem. Lung, liver, and bone are the common predilection for cancer metastasis. A study showed that
bone was the most common location for cancer metastasis.(Araujo et al., 2013; Quraishi et al., 2010)

The new incidence of metastatic spine disease reaches 10-30% per year.(Dunning, 2012) Spine is the most common bone
metastasis among all bones where the incidence of terminal cancer reaches up to 30-90%.(Araujo et al., 2013) The most
common predilection of metastatic spine disease was thoracic (70%), lumbar (20%), and cervical (10%).(Liu et al., 2016)
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Spine metastasis may produce several clinical problems, such as pathologic fracture, spinal cord paralysis, and deterioration
of quality of life.(Kimura, 2018; Switlyk et al., 2015) The most severe complication of spine metastasis is spinal cord
compression, which occurs in 20% of metastatic patients. Untreated spinal cord compression will progress into paraplegia,
tetraplegia, and incontinent sphincter.(Hirabayashi et al., 2003) The management of spine metastases consists of surgery,
radiotherapy, medication, and palliative care. Estimation of survival rate before surgery plays a pivotal role in determining
whether a patient is suitable for invasive treatment.(Lim et al., 2016)

One of the markers in cancer is pro-inflammatory cytokines and chemokines that present around the tumor
environment.(Mantovani et al., 2008) Several studies showed a strong correlation between neutrophil/lymphocytes ratio
(NLR), platelet/lymphocytes ratio (PLR), and lymphocytes/monocytes ratio (LMR) and prognostic of the tumor. Several
studies demonstrated that NLR and PLR were independently correlated with the cancer patients' survival rate.(Al Murri et al.,
2007; Cho et al., 2014; Forrest et al., 2005; Halazun et al., 2008; Zhang et al., 2015) However, the correlation between PLR
and bone metastasis was not yet known. This study aims to evaluate the LMR as a prognostic factor in spinal bone metastasis.
This study aims the evaluate

2. Methods

This consecutive retrospective study was carried out from January 2014 to December 2019. Patient eligibility criteria were as
follows: 1) metastatic spine disease patient; 2) history of cancer. The patients with 1) history of trauma; 2) metastatic spine
disease with infection; 3) history of tuberculous spondylitis were excluded from the study.

2.1. Definitions

Lymphocyte/monocyte ratio was defined as measured lymphocyte was divided by monocyte pre-operatively. The survival rate
of metastatic spine disease patients was defined as the survival time of the patients in months.

2.2. Qutcomes

The outcome of this study is to assess the eligibility of LMR in predicting the survival rate of metastatic spine disease and to
look for the cut-off value of the LMR.

2.3. Statistical analysis

Patients matched according to the inclusion and exclusion criteria were included in this study. The nominal and numeric data
were reported using mean and median, respectively. Data distribution was assessed using the Shapiro-Wilk test or
Kolmogorov-Smirnov test. The patient's survival time was recorded as nominal data as follows 3-6 months, 6-12 months, and
more than 12 months. Sensitivity and specificity between the LMR and survival time were assessed using ROC analysis.
Youden indexes were used to obtain a cut-off value of the LMR. Chi-square or Fischer exact was used to assess the lower and
upper cut-off value of the LMR based on the Youden index and survival time. This study considered p<0.05 as statistically
significant.

3. Result
3.1. Baseline characteristics of patients

According to the inclusion and exclusion criteria, a total of 54 patients were included in this study. The characteristics of the
included patient are shown in Table 1.

Table 1. Characteristics of the included patients

Variables Frequencies (n) Percentages (%)
Age (yo)
- Adult (20-60) 49 90,7
- Elderly (>60) 5 9,3
Gender
- Male 29 53,7
- Female 25 46,3

Table 2. Characteristic of age, lymphocytes count, and monocytes count

Variable Mean Mode Minimum — Maximum
Age 50,15 55 30-79
Lymphocytes count 15,97 - 2,90 - 62,30
Monocytes count 6,96 - 1,30-12,50
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The ROC analysis was carried out between the LMR and the survival time of the patients, and the result showed in Figure 1.
The sensitivity and specificity of the LMR was 0.857 and 0.879, respectively.
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Figure 1. ROC Curve in LMR

The Youden index was performed to obtain the LMR cut-off value shown in Figure 2. The cut-off value of the LMR was

2.5250. Hence, the LMR ratio of more than 2.5250 was classified into a high LMR and vice versa.
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Figure 2. Youden index graphic in LMR

Further analysis was carried out to assess the association between high and low LMR values to the survival time of the patients
[Table 3]. An analysis was carried out to association LMR and Tokuhashi scores [Table 4] and Tomita Score [Table 5]. LMR
value was not associated with Tokuhashi (p=0.945) and Tomita score (p=0.393).

Table 3. Association between LMR cut-off value and survival time.

LMR Value

Survival time (mo)

Total

3-6

6-12

>12

p-value
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Low 25 6 1 32
High 0 11 11 22 0,001
Total 25 17 12 54
Table 4. Association between LMR value and Tokushashi score
Tokuhashi score
LMR value <6 month 6-11 month Total p-value
Low 23 9 32
High 16 6 22 0,945
Total 39 15 54
Table 5. Association between LMR value and Tomita Score
Tomita Score
LMR value <6mo 6-12 mo 1-2 years >2 years Total p-value*
Low 3 12 16 1 32
High 2 4 14 2 22 0,393
Total 5 16 30 3 54

*Fischer exact test was used in this analysis

4. Discussion

A total of 54 patients were included in this study. The characteristic of the included patients was similar to the previous study
that spine metastasis disease was more affected in males between 40 to 70 years. The reason was associated with prostate
cancer that metastasis to the bone.(Bhat et al., 2016; Wang et al., 2019) In this study, the mean and mode of the age were 50
and 55, respectively. The youngest age was 30 years and the oldest age was 79 years. Li et al.(Li et al., 2019) study showed
that the characteristic patient's age of spine metastasis was 60.5 (range 21-84 years).

The decrease in lymphocytes was thought to be an incapable immunologic reaction to the tumor and caused tumor progression
and metastasis.(Goto et al., 2018; Hu et al., 2018) Monocytes can infiltrate the tumor and differentiate into macrophages of
the associated tumor, such as osteoclast in bone cancer, that is involved in tumor proliferation, invasion, metastasis,
neovascularization, and recurrency.(Hu et al., 2018) The secondary lymphocytopenia has several etiology, such as
malnutrition, infection, corticosteroid used, radiotherapy, chemotherapy, and spine metastasis.(Anzuatégui et al., 2019) A
study showed that among 185 patients with spine metastasis, a total of 44.8% had lymphocytes <20%, and 55.2% had
lymphocytes >20%. The monocytes count was less than 8% in 53.8% and more than 8% in 46.2%. (He et al., 2020)

This study found that the cut-off LMR was 2.525. Hence, the LMR below the cut-off value was categorized into low LMR
and vice versa. The sensitivity and 1-specificity of LMR were 0.857 and 0,879, respectively. A study that observed spine
metastasis from breast cancer showed that the LMR value was higher than 1.95 in 107 patients and lower than 1.95 in 37
patients.(Zhao et al., 2020)

This study showed an association between the LMR value and survival time with p=0.001. The LMR value was also associated
with survival time lower and higher than one year with p=0.001. These findings were similar to the previous study, which
showed a relationship between the LMR value and the prognostic factor of the spine disease [HR: 0.172 (0.093- 0.318),
P<0.001].(Zhao et al., 2020) The low LMR value was associated with poor prognosis in spine metastasis.(Zhao et al., 2020)
The LMR was considered as a prognostic factor in several tumors. Liu et al.(Liu et al., 2016) reported that a low LMR was
associated with a poor prognosis in patients with osteosarcoma. Goto et al.(Goto et al., 2018) reported that patients with low
LMR had a significantly worse disease-free survival rate (p=0.005) in patients with breast carcinoma. Elevated monocyte
levels reflect a high tumor burden in patients with cancer. With this understanding, LMR is believed to reflect the immune
status of the host and the extent of tumor progression. Given that low lymphocyte counts, and high monocyte counts reflect
anti-tumor immune insufficiency and an increased tumor burden, a low LMR is associated with a poorer prognosis.(Goto et
al., 2018)

Preoperative prognostic prediction in patients with spinal metastatic lesions plays an important role in surgical decision
making. Ahmed et al.(Ahmed et al., 2018) reviewed 176 patients and compared nine scoring systems, and found that the
revised Tokuhashi Score was better prognostic than the modified Tomita Score and Bauer Score. A study conducted by Pollner
et al.(Pollner et al., 2018) showed that the modified Tomita Score and Bauer Score separated the classes of patients with good
and moderate prognosis, and patients with poor condition were easily identified by the revised Tokuhashi Score.
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In this study showed that there was no association between serum levels of LMR to survival rates as a prognostic marker for
spinal metastases in the Tokuhashi category data analysis test results with p-value=0,945. The results also showed that there
was no association between serum levels of LMR to survival rates as a prognostic marker for spinal with p-value=0,393.

The Tomita and Tokuhashi systems have always been considered the two most representative scoring categories for predicting
overall survival. However, much external validation has been performed to assess the predictive ability and consistency of
these two systems, pointing to a confusing inconsistency between the predicted and actual survival rates. A study conducted
by He et al.(He et al., 2020) compared various predictive tools for predicting survival in spinal metastases patients. It was
reported that when compared to the specific survival times provided by traditional prediction tables such as Tokuhashi and
Tomita systems, survival rates predicted by nomograms such as LMR could make more sense to guide treatment decisions. (He
et al., 2020)

In future study, it is recommended to conduct a prospective study. In order to further ensure external validity, it is best to assess
the prognostic predictive capacity using samples collected from several different hospitals or health centers, or even from
several different countries.

5. Conclusion

In this study, the cut-off value for serum levels of the LMR was 2,5250 with a sensitivity value of 85,7% and specificity of
87,9%. There is a significant association between LMR and survival rate as a prognostic marker for spinal metastases.
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