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Abstract
BACKGROUND
Some studies investigated the prognostic role of several blood biomarkers, including the neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), lymphocyte/monocyte ratio (LMR) and Glasgow prognostic score (GPS), in osteosarcoma, but their results were inconsistent with each other.

AIM
To identify the prognostic value of NLR, PLR, LMR and GPS in osteosarcoma patients through reviewing relevant studies.

METHODS
The PubMed, EMBASE, Web of Science and CNKI databases were searched up to October 2, 2021. The primary and second outcomes were overall survival (OS) and disease-free survival (DFS), respectively. The hazard ratios (HRs) with 95% confidence intervals (CIs) were combined to assess the association between these indicators and prognosis of osteosarcoma patients. 

RESULTS
A total of 13 studies involving 2087 patients were eventually included. The pooled results demonstrated that higher NLR and GPS were significantly associated with poorer OS (HR = 1.88, 95%CI: 1.38-2.55, P < 0.001; HR = 2.19, 95%CI: 1.64-2.94, P < 0.001) and DFS (HR = 1.67, 95%CI: 1.37-2.04, P < 0.001; HR = 2.50, 95%CI: 1.39-4.48, P < 0.001). However, no significant relationship of PLR and LMR and OS (P = 0.085; P = 0.338) and DFS (P = 0.396; P = 0.124) was observed.

CONCLUSION
Higher NLR and GPS were related with worse prognosis and might serve as novel prognostic indicators for osteosarcoma patients.
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Core Tip: Higher neutrophil/lymphocyte ratio (NLR) and Glasgow prognostic score (GPS) were significantly associated with poorer overall survival (OS) (P < 0.001; P < 0.001) and disease-free survival (DFS) (P < 0.001; P < 0.001). However, no significant relationship of platelet/lymphocyte ratio and lymphocyte/monocyte ratio and OS (P = 0.085; P = 0.338) and DFS (P = 0.396; P = 0.124) was observed. Higher NLR and GPS were related with worse prognosis in osteosarcoma and might serve as reliable and valuable prognostic indicators for osteosarcoma patients.

INTRODUCTION
Osteosarcoma is a malignant bone tumor that seriously affects the health of children and adolescents with annual incidence of 2-3/1 million, accounting for about 20%-30% of all primary bone tumors[1]. It has the characteristics of high malignant degree, early metastasis and high mortality. Before the 1070s, the treatment of osteosarcoma was mainly based on the surgical resection with the five-year survival rate of 10%-20%[2,3]. In recent years. Through the combination of preoperative neoadjuvant chemotherapy, surgical resection, postoperative adjuvant chemotherapy and other important therapies, the five-year survival rate of osteosarcoma patients has increased to 60%-70%[4,5].
However, osteosarcoma tends to metastasize to the lungs and nearly half of osteosarcoma cases have pulmonary metastases, which is the main cause of death in patients with osteosarcoma[6]. Nevertheless, less than 20% of patients showed metastases at the time of diagnosis and the five-year survival rate of patients with pulmonary metastases is less than 30%[6,7]. Thus, some reliable and valuable prognostic indicators are still clinically needed to accurately predict the survival of osteosarcoma patients and contribute to the formulation of appropriate treatment strategies.
In recent years, many haematological indexes have been reported to show high prognostic value in cancer patients, including the neutrophil to lymphocyte ratio (NLR)[8,9], platelet to lymphocyte ratio (PLR)[10,11], lymphocyte to monocyte ratio (LMR)[10] and Glasgow prognostic score (GPS)[12-14]. Besides, the NLR has been also reported to play a role in predicting postoperative complications like the anastomotic leakage[15]. Some investigators explored the prognostic value of these indicators in osteosarcoma[16-28], but inconsistent results were reported in their studies. Whether they could be used to predict prognosis of osteosarcoma patients in clinics remains unclear.
Thus, the aim of this study was to identify the prognostic role of NLR, PLR, LMR and GPS in osteosarcoma, which might help formulate the appropriate treatment strategies for osteosarcoma patients.

MATERIALS AND METHODS
This systematic review and meta-analysis were conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines[29].

Literature search
The PubMed, EMBASE, Web of Science and CNKI electronic databases were searched up to October 2, 2021. The following key works were used during the literature search: neutrophil/lymphocyte ratio, neutrophil to lymphocyte ratio, NLR, platelet/lymphocyte ratio; platelet to lymphocyte ratio, PLR, lymphocyte/monocyte ratio, lymphocyte to monocyte ratio, LMR, Glasgow prognostic score, GPS, osteosarcoma, osteogenic sarcoma, prognostic, prognosis and survival. Besides, the references cited in the included studies were also evaluated for availability.

Inclusion and exclusion criteria
The following inclusion criteria were applied: (1) Patients were pathologically diagnosed with osteosarcoma; (2) Patients were divided into two groups according to the NLR, PLR, LMR or GPS and the long-term survival of patients between the two groups were compared; and (3) Hazard ratios (HRs) with corresponding 95% confidence intervals (CIs) of overall survival (OS) or disease-free survival (DFS) were reported in the articles directly.
The following exclusion criteria were applied: (1) None of the prognostic value of NLR, PLR, LMR or GPS were investigated; (2) Duplicated or overlapped data; and (3) Conference abstracts, animal trials, case reports or reviews.

Data extraction and quality assessment
The following information were collected from included studies: the name of first author, publication year, country, sample size, indicators (NLR, PLR, LMR or GPS), cutoff values of NLR, PLR or LMR, endpoints and corresponding HRs with 95%CIs.
The Newcastle-Ottawa scale (NOS) was used for the quality assessment of included studies and high-quality studies were defined as a NOS of 6 or higher[30].
In the current meta-analysis, the literature search, selection, data extraction and quality assessment were all performed by two authors independently and any disagreement was resolved by team discussion.

Statistical analysis
The HRs with 95%CIs were combined to assess the relationship between NLR, PLR, LMR and GPS and prognosis of osteosarcoma patients. The heterogeneity among included studies was evaluated by I2 statistics and Q test. When obvious heterogeneity was observed presenting as the I2 > 50% or (and) P < 0.1, the random effect model was used; otherwise, the fix effect model was used[31]. Considering the similarity, we combined the cancer-specific survival, event-free and progression-free as DFS. The sensitivity analysis was performed to detect the source of heterogeneity and evaluated the stability of pooled results. Besides, the Begg’s funnel plot and Egger’s test were conducted to detect publication bias[32]. If significant publication bias was observed presenting as a P < 0.05, then the nonparametric trim-and-fill method was used to re-estimate a corrective effect size after publication bias was adjusted[33]. All statistical analyses were conducted by STATA 15.0 software.

RESULTS
Literature selection process
Ninety-one records were initially identified and 21 duplicated records were removed. Then 28 potentially relevant publications were assessed and 10 of them were excluded because of meeting abstract, case reports and reviews. Eighteen full texts were reviewed and a total of 13 studies were included eventually[16-28]. The detailed selection process was presented in Figure 1.

Basic characteristics of included studies
All include studies were retrospective. Most of them were from China and a total of 2087 patients were enrolled, with the sample size ranging from 55 to 327. All of them were high-quality studies with a NOS of 6 or higher. The specific information was presented in Table 1.

Association between NLR and prognosis of osteosarcoma patients
Eleven studies involving 1623 patients investigated the prognostic role of NLR in osteosarcoma[17-24,26-28]. The pooled results indicated that higher NLR was significantly associated with poor OS (HR = 1.88, 95%CI: 1.38-2.55, P < 0.001; I2 = 80.2%, P < 0.001) (Figure 2A) and DFS (HR = 1.67, 95%CI: 1.37-2.04, P < 0.001; I2 = 35.4%, P = 0.186) (Figure 2B). NLR was demonstrated to be a prognostic indicator for osteosarcoma patients (Table 2).

Association between PLR and prognosis of osteosarcoma patients
Eight studies involving 1215 patients explored the prognostic value of PLR in osteosarcoma patients[17,19-21,23,24,27,28]. However, no significant relationship of PLR with OS (HR = 1.29, 95%CI: 0.97-1.72, P = 0.085; I2 = 77.4%, P < 0.001) (Figure 3A) and DFS (HR = 1.12, 95%CI: 0.87-1.44, P < 0.001; I2 =0.0%, P = 0.465) (Figure 3B) was observed (Table 2).

Association between LMR and prognosis of osteosarcoma patients
Six studies involving 906 participants were included to identify the association of LMR with prognosis of osteosarcoma patients[16,17,25-28]. The pooled results manifested that LMR was not related with OS (HR = 0.82, 95%CI: 0.54-1.23, P = 0.338; I2 = 70.8%, P = 0.004) (Figure 4A) or DFS (HR = 0.68, 95%CI: 0.41-1.11, P = 0.124; I2 = 76.1%, P = 0.041) (Figure 4B) of osteosarcoma patients (Table 2).

Association between GPS and prognosis of osteosarcoma patients
Only four studies investigate the relationship of GPS with survival of osteosarcoma patients[17,18,20,22]. The pooled results certified that GPS was a novel predictor for OS (HR = 2.19, 95%CI: 1.64-2.94, P < 0.001; I2 = 0.0%, P = 0.602) (Figure 5A) and DFS (HR = 2.50, 95%CI: 1.39-4.48, P < 0.001; I2 = 0.0%, P = 0.342) (Figure 5B) of osteosarcoma patients (Table 2).

Sensitivity analysis and publication bias analysis
The sensitivity analysis and publication bias analysis for the association between NLR and OS of osteosarcoma patients were performed. The sensitivity analysis indicated that the pooled results were stable and reliable (Figure 6). Furthermore, the Begg’s funnel plot was asymmetric (Figure 7A) and the P value of Egger’s test was < 0.001, which indicated significant publication bias. Then the nonparametric trim-and-fill method was used and six potentially unpublished papers were found (Figure 7B). After combining these six publications, the pooled HRs for the fixed effect model and random effect model were 1.137 (95%CI: 1.036-1.247, P = 0.007) and 1.255 (95%CI: 0.952-1.654, P = 0.107), which indicated that the potentially unpublished studies might have a significant impact on the pooled results. Thus, more prospective studies with high-quality are still needed to verify our findings.

DISCUSSION
The current study demonstrated that higher NLR and GPS were independent prognostic risk factors for poorer OS and DFS of osteosarcoma patients, but no significant association of PLR and LMR with prognosis in osteosarcoma was identified. However, obvious publication bias was observed in this meta-analysis and more prospective high-quality studies are still needed to verify above findings.
It has been widely known that the systematic inflammation response is closely related with the occurrence and development of tumors. The detailed internal mechanisms have been deeply explored and introduced in previous literatures[8,33-35]. The neutrophils, lymphocytes, platelets, monocytes and C-reactive protein are all common inflammatory biomarkers and a great number of studies have revealed the prognostic role of NLR, PLR, LMR and GPS in tumors. Several met-analyses demonstrated that elevated pretreatment NLR was a prognostic risk factor in colorectal cancer (HR = 1.57, 95%CI: 1.39-1.78, P < 0.001)[36], gastric cancer (HR = 1.78, 95%CI: 1.59-1.99, P < 0.001)[37], laryngeal cancer (HR = 1.76, 95%CI: 1.53-2.03, P < 0.001)[38] and non-small cell lung cancer patients (HR = 2.86, 95%CI: 2.11-3.87, P < 0.001)[39]. Furthermore, the prognostic value of GPS has been verified in ovarian cancer (HR = 1.62, 95%CI: 1.38-1.91, P < 0.001), esophageal squamous cell cancer (HR = 1.66, 95%CI: 1.14-2.41, P = 0.008), colorectal cancer (HR = 2.20, 95%CI: 1.88-2.57, P < 0.001) and lung cancer patients (HR = 2.058, 95%CI: 1.51-2.80, P < 0.05) by several meta-analyses[14,40-42]. Similarly, the PLR and LMR have also been reported to show high prognostic value in cancer patients by some studies with high-quality evidence[33,43-47]. However, whether the NLR, PLR, LMR and GPS could serve as valuable predictors for long-term survival in osteosarcoma remained unclear. Thus, we conducted the current meta-analysis and revealed the high prognostic value of NLR and GPS in osteosarcoma patients.
In our study, the LMR was not statistically related with prognosis of osteosarcoma patients. However, among the six included studies, two of them reported significantly positive association of lower LMR with poorer OS[16,28]. Remarkably, Yang et al[27] seemed to report conflicting results. According to the Kaplan-Meier survival curve, patients with lower LMR had poorer OS than patients with higher LMR did; however, the univariate analysis indicated that higher LMR was a risk factor for worse OS[27]. After excluding this study, the pooled HR was 0.69 (95%CI: 0.55-0.87, P = 0.002) by combining the remaining studies. Thus, we deem that LMR is also a valuable prognostic indicator in osteosarcoma patients, but more relevant studies are needed to further verify this.
Actually, we suppose that there are still some fields worth further investigation. Although we identified the prognostic role of these indexes, a comparison of their prognostic values was not conducted and it is not clear whether a combination of them would show higher predictive role for prognosis in osteosarcoma patients. Whether these indicators could predict the therapeutic effects of neoadjuvant or adjuvant chemotherapy is unclear. Besides, we deem that these blood parameters might play a role in the diagnosis of osteosarcoma or its recurrence. Based on our findings, we suggested that the NLR and GPS should be considered for the assessment of disease status and formulation of therapy strategies and osteosarcoma patients with higher pretreatment NLR or GPS might receive more aggressive treatment and follow-up. Besides, it is worth exploring whether anti-inflammation treatment, reducing the NLR and GPS, is beneficial for osteosarcoma patients with high NLR or GPS.
There are several limitations in this meta-analysis. First, all included studies are retrospective with relatively small sample size, which might cause some bias. Second, most studies are from China, which limits the application of our results in other regions or countries. Third, subgroup analyses based on some important parameters such as the disease stage, age and treatment were not able to performed due to lack of relevant data.

CONCLUSION
In overall, higher NLR and GPS were related with worse prognosis and might serve as valuable prognostic indicators for osteosarcoma patients. However, more prospective high-quality studies are still needed to verify our findings.

ARTICLE HIGHLIGHTS
Research background
Previous researches explored the prognostic role of the neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), lymphocyte/monocyte ratio (LMR) and Glasgow prognostic score (GPS) in osteosarcoma, but their results were inconsistent with each other.

Research motivation
To verify the prognostic value of these blood indexes in osteosarcoma patients.

Research objectives
To verify the prognostic value of these blood indexes in osteosarcoma patients.

Research methods
Several electronic databases were searched to identify relevant articles. The hazard ratio (HR) with 95% confidence interval (CI) was combined to the evaluate the association between these indicators and overall survival (OS) and disease-free survival (DFS).

Research results
Higher NLR and GPS were significantly associated with poorer OS (P < 0.001; P < 0.001) and DFS (P < 0.001; P < 0.001). However, no significant relationship of PLR and LMR and OS (P = 0.085; P = 0.338) and DFS (P = 0.396; P = 0.124) was observed.

Research conclusions
Higher NLR and GPS were related with worse prognosis in osteosarcoma.

Research perspectives
The NLR and GPS might serve as reliable and valuable prognostic indicators for osteosarcoma patients.
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Figure Legends
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Figure 1 The flow diagram of this meta-analysis. 
1PubMed (n = 22), EMBASE (n = 26), Web of Science (n = 30), CNKI (n = 13).
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Figure 2 The association of neutrophil to lymphocyte ratio with prognosis of osteosarcoma patients. A: The association of neutrophil to lymphocyte ratio with overall survival of osteosarcoma patients; B: The association of neutrophil to lymphocyte ratio with disease-free survival of osteosarcoma patients. CI: Confidence interval; HR: Hazard ratio.
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Figure 3 The association of platelet to lymphocyte ratio with prognosis of osteosarcoma patients. A: Overall survival; B: Disease-free survival. CI: Confidence interval; HR: Hazard ratio.
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Figure 4 The association of lymphocyte to monocyte ratio with prognosis of osteosarcoma patients. A: The association of lymphocyte to monocyte ratio with overall survival of osteosarcoma patients; B: The association of lymphocyte to monocyte ratio with disease-free survival of osteosarcoma patients. CI: Confidence interval; HR: Hazard ratio.


[image: ]

Figure 5 The association of Glasgow prognostic score with prognosis of osteosarcoma patients. A: The association of Glasgow prognostic score with overall survival of osteosarcoma patients; B: The association of Glasgow prognostic score with disease-free survival of osteosarcoma patients. CI: Confidence interval; HR: Hazard ratio.
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Figure 6 Sensitivity analysis about the association of neutrophil to lymphocyte ratio with overall survival of osteosarcoma patients. CI: Confidence interval.
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Figure 7 Begg’s analysis. A: Begg’s funnel plot; B: Trimed Begg’s funnel plot.


Table 1 Basic characteristics of included studies
	Ref.
	Year
	Country
	Sample size
	Indicators
	Thresholds
	Endpoints
	NOS

	Liu et al[16]
	2015
	China
	327
	LMR
	3.43
	OS, EFS
	7

	Aggerholm-Pedersen et al[18]
	2016
	Denmark
	172
	NLR, GPS
	5.3
	OS, CSS
	7

	Liu et al[17]
	2016
	China
	162
	NLR, PLR, LMR, GPS
	2.57, 123.5, 4.73
	OS
	6

	Xia et al[19]
	2016
	China
	359
	NLR, PLR
	3.43, 122
	OS, PFS
	7

	Li et al[20]
	2017
	China
	216
	NLR, PLR, GPS
	2.65, 118
	OS
	6

	Vasquez et al[21]
	2017
	Peru
	55
	NLR, PLR
	2, 150
	OS
	6

	Huang et al[22]
	2018
	China
	103
	NLR, mGPS
	2.70
	OS, EFS
	7

	Huang et al[23]
	2019
	China
	126
	NLR, PLR
	2.1, 163.2
	OS
	7

	Xu et al[24]
	2019
	China
	150
	NLR, PLR, LMR
	2.7, 200, 3.0
	OS, DFS
	6

	Hu et al[25]
	2020
	China
	137
	LMR
	3.05
	OS
	7

	Yang et al[26]
	2020
	China
	133
	NLR, LMR
	2.96, 4.44
	OS, PFS
	6

	Yang et al[27]
	2020
	China
	77
	NLR, PLR, LMR
	2.65, 125.0, 5.16
	OS
	7

	Ye et al[28]
	2021
	China
	70
	NLR, PLR, LMR
	3.025, 111.5, 4.82
	OS
	7


NLR: Neutrophil/lymphocyte ratio; PLR: Platelet/lymphocyte ratio; LMR: Lymphocyte/monocyte ratio; GPS: Glasgow prognostic score; mGPS: Modified Glasgow prognostic score; OS: Overall survival; CSS: Cancer-specific survival; EFS: Event-free survival; DFS: Disease-free survival; NOS: Newcastle-Ottawa quality assessment scale.

Table 2 Results of meta-analysis
	
	No. of studies
	HR
	95%CI
	P value
	I2(%)
	P value

	Neutrophil/lymphocyte ratio
	
	
	
	
	
	

	Overall survival
	11
	1.88
	1.38-2.55
	< 0.001
	80.2
	< 0.001

	Disease-free survival
	5
	1.67
	1.37-2.04
	< 0.001
	35.4
	0.186

	Platelet/lymphocyte ratio
	
	
	
	
	
	

	Overall survival
	7
	1.29
	0.97-1.72
	0.085
	77.4
	< 0.000

	Disease-free survival
	2
	1.12
	0.87-1.44
	0.396
	0.0
	0.465

	Lymphocyte/monocyte ratio
	
	
	
	
	
	

	Overall survival
	
6
	
0.82
	
0.54-1.23
	
0.338
	
70.8
	
0.004

	Disease-free survival
	2
	0.68
	0.41-1.11
	0.124
	76.1
	0.041

	Glasgow prognostic score 
	
	
	
	
	
	

	Overall survival
	4
	2.19
	1.64-2.94
	< 0.001
	0.0
	0.602

	Disease-free survival
	2
	2.50
	1.39-4.48
	< 0.001
	0.0
	0.342


HR: Hazard ratio; CI: Confidence interval.
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