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Prognostic value of inflammation-
based scores in patients with 
osteosarcoma
Bangjian Liu1,*, Yujing Huang2,*, Yuanjue Sun2, Jianjun Zhang2, Yang Yao2, Zan Shen2, 
Dongxi Xiang3 & Aina He2,3

Systemic inflammation responses have been associated with cancer development and progression. 
C-reactive protein (CRP), Glasgow prognostic score (GPS), neutrophil-lymphocyte ratio (NLR), platelet-
lymphocyte ratio (PLR), lymphocyte-monocyte ratio (LMR), and neutrophil-platelet score (NPS) have 
been shown to be independent risk factors in various types of malignant tumors. This retrospective 
analysis of 162 osteosarcoma cases was performed to estimate their predictive value of survival in 
osteosarcoma. All statistical analyses were performed by SPSS statistical software. Receiver operating 
characteristic (ROC) analysis was generated to set optimal thresholds; area under the curve (AUC) 
was used to show the discriminatory abilities of inflammation-based scores; Kaplan-Meier analysis 
was performed to plot the survival curve; cox regression models were employed to determine the 
independent prognostic factors. The optimal cut-off points of NLR, PLR, and LMR were 2.57, 123.5 and 
4.73, respectively. GPS and NLR had a markedly larger AUC than CRP, PLR and LMR. High levels of CRP, 
GPS, NLR, PLR, and low level of LMR were significantly associated with adverse prognosis (P < 0.05). 
Multivariate Cox regression analyses revealed that GPS, NLR, and occurrence of metastasis were top 
risk factors associated with death of osteosarcoma patients.

Osteosarcoma is the most common primary tumor of bone, predominantly affecting adolescents and young 
adults1,2. In the past, when surgery was the only therapy, most patients died within one year following diagnosis, 
and the overall 5-year survival rate was around 10%3. The introduction of multi-disciplinary treatment led to 
5-year survival rate of approximately 70%1,3. The established prognostic factor were Enneking surgical criteria4, 
tumor site5, alkaline phosphatase6, lactate dehydrogenase7, and etc. However, big variations in clinical outcomes 
were observed with these prognostic factors. For instance, heterogeneous prognoses were frequently found in the 
patients with the same stage. Identification of novel prognostic factors will help us distinguish high-risk patients 
who need specific therapy, and may lead to more effective therapies to improve clinical outcomes. Although 
many new factors, such as MicroRNA-1918, survivin9, long non-coding RNA HOTTIP10, have revealed their 
prognostic significance in osteosarcoma, their detections were costly and inconvenient. Therefore, identification 
of easily-assessed factors that can predict outcome of osteosarcoma more precisely is required.

Cancer-related inflammation has been identified as the seventh hallmarks of cancer11, in addition to 
self-sufficiency in growth signals, insensitivity to growth-inhibitory signals, evasion of apoptosis, limitless rep-
licative potential, sustained angiogenesis, and tissue invasion and metastasis12. Inflammatory microenvironment 
promotes the development of tumors via promoting angiogenesis and metastasis, subverting adaptive immune 
responses, and altering responses to hormones and chemotherapeutic agents13. The addition of anti-inflammatory 
drugs during chemotherapy has been suggested to be a new effective treatment to increase patient survival14. Due 
to the association of inflammation in cancer development, the prognostic significance of several inflammation 
biomarkers and hematological indices, including the C-reactive protein (CRP), Glasgow prognostic score (GPS), 
neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), lymphocyte-monocyte ratio (LMR), and 
neutrophil-platelet score (NPS) have been evaluated in various malignancies. CRP, GPS, PLR and NLR were 
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reported to be significantly associated with both overall survival and disease-free survival of patients with gastric 
cancer15. In metastatic colorectal cancer, high NLR, PLR, and low LMR were significantly linked to decreased sur-
vival time16. Elevated GPS, NLR, and PLR were also reported to be associated with poor survival of hepatocellular 
carcinoma17. High NPS level was significantly associated with poor survival in a variety of common cancers18. 
However, little was known about the prognostic role of the inflammation biomarkers in osteosarcoma.

In this retrospective study, we evaluated the clinical significance of pre-treatment inflammation-based scores 
and determined the independent prognostic factors for patients with osteosarcoma.

Results
Patient characteristics. This study consisted of 162 osteosarcoma patients with complete clinical data 
(Fig. 1) including 96 male and 66 female patients. Patients with large tumor may have cancer fever without evi-
dence of infection. Twenty-one patients with cancer fever were excluded in this study, they have already accepted 
NSAID or anti-cancer treatment outside of our department. No studies have been reported that cancer fever 
could affect the blood routine test. In this case, three patients with cancer fever were enrolled and they were indis-
pensable among our patient population. Table 1 lists the main features of the analyzed patients. The median age 
was 18 year-old, and the majority of tumors (89.5%) located in extremities. A total of 93.8% patients had a KPS of 
≥ 80, and 80.9% patients received neoadjuvant chemotherapy. 143 patients were diagnosed as stage I–II according 
to Enneking surgical staging criteria, and the rest were stage III. The number of patients suffered from pathologi-
cal fracture, local recurrence and distant metastasis were 18, 31 and 78, respectively. All enrolled patients under-
went surgery followed by 8–14 cycles of adjuvant chemotherapy.

The optimal cut-off value for inflammation-based scores. ROCs were performed, and the optimal 
threshold of inflammation-based score was obtained when the Youden index was maximal. The optimal cut-off 
points of NLR, PLR, and LMR were 2.57 (Youden index, 0.326), 123.5 (Youden index, 0.200) and 4.73 (Youden 
index, 0.199), respectively. The cut-off levels of GPS and CRP were described in Data collection of the Methods 
section. Patients were divided into two groups based on these cut-off values, with either low or high value. Of 
the 162 patients, 126 (77.8%) had a GPS of 0, while 31 (19.1%) and 5 (3.1%) patients showed a GPS of 1 and 2, 
respectively. The patient numbers of NPS of 0, 1, and 2 were 152 (93.8%), 9 (5.6%), and 1 (0.6%), respectively. The 
patient numbers of high groups of CRP, NLR, PLR, and LMR were 25 (15.4%), 53 (32.7%), 100 (61.7%), and 65 
(40.1%), respectively.

Survival analysis. The median OS of all patients was 28.2 (range 3.1–124.1) months. Eighty-six (53.1%) 
patients were alive at the end of the follow-up period (Fig. 2). Among 76 patients died at the end of the follow-up 
period, the number of patients died due to infection of peripherally inserted central catheter (PICC), bone 
marrow depression by chemotherapy, and respiratory failure induced by pneumothorax and hydrothorax were 
1, 1, and 74, respectively (Table 2). The survival curve revealed that the median OS of patients with GPS of 0 
was 83.9 months, while only 19.0 and 11.7 months in score 1 and 2 groups respectively (P =  0.000) (Fig. 2A). 
Patients with high CRP had significant shorter OS than patients with low CRP (median OS, 19.7 vs 78.3 months, 
P =  0.000) (Fig. 2B). Similar results were observed in NLR (median OS, 28.4 vs 85.7 months, P =  0.000) (Fig. 2C) 

Records identified through database
       searching from 2006-2013
                      (n=495) 

Patients with prior anti-cancer
  treatment or NSAID outside 
   of our department (n=495) 

Patients received no anti-cancer 
           treatment before
                   (n=364)

Patients quit of treatment or lost 
of follow-up or without CRP data
                    (n=192)

Patients with completely data
                 (n=172)

Patients enrolled in this study
                (n=162)

  Patients with clinical evidence of
infection or inflammatory conditions
                       (n=10)

Figure 1. Flow chart for patients’ selection in this study. 
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and PLR (median OS, 36.7 vs 86.7 months, P =  0.028) (Fig. 2D). Low LMR group, rather than high LMR, was 
associated with worse survival (median OS, 37.2 vs 7.9 months, P =  0.018) (Fig. 2E). The median OS of patients 
with NPS of 0, 1, and 2 was 73.0, 39.0, and 22.4 months, respectively (P =  0.711) (Fig. 2F). Taken together, all 
inflammation-based scores, except NPS, were correlated with overall survival.

The univariate and multivariate analysis results were shown in Table 3. The univariate analysis indicated 
that tumor site (P =  0.022), Enneking’s surgical staging (P =  0.000), occurrence of metastasis (P =  0.000), GPS 
(P =  0.000), CRP (P =  0.000), NLR (P =  0.000), PLR (P =  0.030) and LMR (P =  0.020) were associated with 
OS. Multivariate analysis for factors above demonstrated that occurrence of metastasis (HR, 10.407; 95% CI,  
5.265–20.570; P =  0.000), high level of NLR (HR, 2.097; 95% CI, 1.202–3.658; P =  0.009), and high level of GPS 
(HR, 2.250; 95% CI, 1.222–4.145; P =  0.009) were independent unfavorable prognostic factors.

As shown in Table 4, for histological subtypes, there were 148, 6, 6 and 2 patients diagnosed with conventional, 
telangiectatic, intramedullary and periosteal osteosarcoma, respectively. No obvious relations were observed 
between these histological subtypes and either GPS or NLR in other tumors, including gastric or pancreatic 
cancers19,20; the number of non-conventional osteosarcoma was too small in our current study so that no further 
statistical analysis could be performed.

Discriminatory ability of inflammation-based scores. We compared the significance of GPS, CRP, 
NLR, PLR and LMR to discriminate between survivors and non-survivors using ROC curves. As shown in 
Table 5, the AUC of GPS was 0.677 (95% CI, 0.592–0.761), with a sensitivity of 40.8% and a specificity of 94.2%. 
The AUC of NPS was 0.504 (95% CI, 0.415–0.594), with a sensitivity of 6.6% and a specificity of 94.2%. The AUC 
of CRP was 0.603 (95% CI, 0.514–0.691), with a sensitivity of 26.3% and a specificity of 94.2%. The AUC of NLR 
was 0.663 (95% CI, 0.578–0.748), with a sensitivity of 50.0% and a specificity of 82.6%. The AUC of PLR was 0.600 
(95% CI, 0.513–0.687), with a sensitivity of 72.4% and a specificity of 47.7%. The AUC of LMR was 0.407 (95% CI, 
0.320–0.495), with a sensitivity of 30.3% and a specificity of 51.2%. Notably, GPS and NLR showed higher AUC 
values than CRP, PLR, LMR, and NPS (Table 5 and Fig. 3).

Discussion
The accuracy of prognostic evaluation is critical for the medical care of patients with osteosarcoma. Adverse 
predictive factors, including detectable primary metastases, axial or proximal extremity tumor site, large tumor 
size, and older age, were well established21. In addition to these tumor characteristics, systemic inflammation 
also affected the prognosis of osteosarcoma. Elevated CRP was reported to be significantly associated with poor 
prognosis22–25. Pretreatment neutrophils count is an independent prognostic factor of extremity osteosarcoma. 

Characteristic

Gender

 Female 66 (40.7)

 Male 96 (59.3)

Age/year

 < 18 73 (45.1)

 ≥ 18 89 (54.9)

Tumor site

 Extremities 145 (89.5)

 Non-extremities 17 (10.5)

Enneking’s surgical staging

 I/II 143 (88.3)

 III 19 (11.7)

Karnofsky performance status score

 ≥ 80 152 (93.8)

 ≤ 70 10 (6.2)

Neoadjuvant chemotherapy

 Yes 131 (80.9)

 No 31 (19.1)

Pathological fracture

 Yes 18 (11.1)

 No 144 (88.9)

Local recurrence

 Yes 31 (19.1)

 No 131 (80.9)

Metastasis

 Yes 78 (48.1)

 No 84 (51.9)

Table 1.  Patient characteristics. Data presented are number (%).
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Moreover, low level of LMR was regarded to be related with adverse OS in osteosarcoma by Liu T, et al.26. 
However, the clinical prognostic value of GPS, PLR, NLR, and NPS in osteosarcoma remained poorly defined.

Elevated CRP reflected increased systemic inflammatory response, which involved in tumor development and 
progression. GPS is a prognostic score comprised of serum CRP and albumin levels. It was first introduced by 
Forrest et al., who evaluated its prognostic significance in inoperable non-small-cell lung cancer27. After that, GPS 
was found to be a prognostic factor in various other tumors, such as renal clear cell cancer, gastric cancer, gall-
bladder cancer, and Esophageal squamous cell carcinoma15,28–30. Patients with GPS more than zero have elevated 
CRP or hypoalbuminaemia or even both of them, implying GPS presents not only inflammation status but also 
nutritional status of cancer patients. Therefore, we speculate that GPS might be a better predictor of the prognosis 
of cancer than CRP. Patients with high GPS in our study accepted the same therapy with the rest patients. Our 
results indicated that GPS, rather than CRP, was an independently prognostic factor of osteosarcoma (Table 3). 
Moreover, GPS also showed a higher sensitivity of 40.8% in comparison with the sensitivity of 26.3% of CRP, 
while their specificities were the same (Table 5).

Cancer-related inflammation has a role in cancer development and progression31,32. Neutrophilia, thrombocy-
tosis, monocytosis and lymphopenia tend to represent a nonspecific response to cancer-related inflammation and 
are associated with poor survival in cancers32–36. Neutrophils interact with tumor cells by producing cytokines 

Figure 2. Kaplan Meier survival curves for overall survival according to inflammation-based scores in 162 
osteosarcoma patients. (A) Glasgow Prognostic Score; (B) The C-reactive protein; (C) Neutrophil-lymphocyte 
ratio; (D) Platelet-lymphocyte ratio; (E) Lymphocyte-monocyte ratio; (F) Neutrophil-platelet score.
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and chemokines, which affects tumor cells’ proliferation, angiogenesis, and metastases37. Tumor-associated mac-
rophages, which arise from blood monocytes, promoted tumor progression and metastases38. Lymphocytes play 
a major role in the immune response by mediating the immunologic destruction of various cancers39,40. Platelets 
were also reported to act as chemoattractants, increasing the migration of ovarian cancer cells41. NLR, PLR, LMR, 
and NPS have been shown to be independent risk factors in various malignant tumors18,42–44. These factors when 
combined may have stronger prognosis value than any single one. Moreover, LMR was suggested as an independ-
ent prognostic factor for OS in patients with osteosarcoma by Liu T, et al.26. However, among these prognostic 
scores, only NLR was an independent risk factor in osteosarcoma in our research, in which patients with high 
NLR accepted the same therapy with patients with the rest patients (Table 3). The difference might be caused by 
heterogeneity in patient populations between these two studies. For instance, Liu T, et al. enrolled patients with 
no prior pre-operative anticancer treatment, but as high as 80.9% patients received neoadjuvant chemotherapy 
in our study.

Using ROC curve analysis, we have shown that optimal cut-off points of NLR, PLR, and LMR were 2.57, 123.5 
and 4.73, respectively. Optimal thresholds of NLR, PLR and LMR in our study were similar to the studies in other 
malignants42–44. The AUC of GPS, CRP, NLR, PLR, LMR, and NPS were compared, and GPS and NLR had a 
markedly larger AUC than CRP, PLR, LMR, and NPS (Table 5 and Fig. 3), which was consistent with the results 
of multivariate analysis (Table 3).

It is worth noting that our study is the first attempt to evaluate the prognosis significance of these 
inflammation-based prognostic scores in patients with osteosarcoma. In addition, inflammation-based scores 
are simple and comprised of components of blood test with low cost. The establishment of predictive model 
based on inflammation is of great value for the patients in developing countries. However, there are still several 
potential limitations in the present study. First and most importantly, this is a retrospective, single-institution, and 
small-sample-size study, providing a lower level of confidence than those randomized controlled trials. Second, 
the sample size of 162 patients enrolled in our study was not enough to separate into two groups to derive the 
parameters and confirm their utility, which might cause overestimation of results. Third, the age distribution 
is atypical in our population, as most of osteosarcoma occurs at pediatric age. Fourth, blood samples were not 
obtained at same time and with no repeated test, which could introduce irreconcilable bias and negate the utility 
of the test, because blood parameters are dynamic. Finally, the heterogeneity in the treatments of patients might 
also affect the results. Our results should be interpreted with cautious according to defections above.

In conclusion, the present study indicated that abnormal pretreatment inflammation-based prognostic scores, 
such as GPS >  0, CRP >  10 mg/L, NLR >  2.57, PLR >  123.5, and LMR ≤  4.73, were inversely associated with OS in 
osteosarcoma. Moreover, occurrence of metastasis, GPS and NLR are robust predictors of osteosarcoma survival. 
Patients with these two risk factors may need more aggressive chemotherapy and closely follow-up to improve 
clinical outcomes, according to our observations. Due to the limitations of retrospective studies, further prospec-
tive studies are still warranted.

Methods
Patients. We retrospectively reviewed the electronic medical records for 495 patients with osteosarcoma who 
were accepted by our department from January 2006 to December 2013. The inclusion criteria for primary studies 
were as follows: (i) All patients diagnosed with histologically confirmed osteosarcoma. (ii) All patients received 
no anti-cancer treatment before. Patients with either of the following diagnoses were excluded from the final anal-
ysis, including patients who already have neutrophilia, high CRP, or high procalcitonin, or if they have clinical 
evidence of infection or any other inflammatory conditions, or patients who were treated with anti-cancer ther-
apy or non-steroid anti-inflammatory drug (NSAID) previously, or those whose clinical data were incomplete. 
Antibiotics were not prescribed for patients enrolled. NSAID is an efficient approach for cancer fever treatment, 
which is also wildly used in patients with osteosarcoma45–47. NSAID was reported to affect blood test48,49, then 
patients with record of NSAID treatment before blood test were excluded. The study was approved by the medical 
ethics committee of Shanghai Jiaotong University Affiliated Sixth People’s Hospital.

Factors

NLR GPS

0 1 P 0 1/2 P

Methods of therapy

 Neoadjuvant chemotherapy 0.101 0.310

  No 17 14 22 9

  Yes 92 39 104 27

 Operation 0.535 0.843

  Salvage 85 39 96 28

  Amputation 24 14 30 8

Cause of death (N =  76) — —

 Infection 1 0 0 1

 Bone marrow depression 0 1 1 0

 Respiratory failure 37 37 44 30

Table 2.  Methods of therapy and causes of death for the osteosarcoma patients with high GPS and NLR. 
GPS =  Glasgow prognostic score; NLR =  neutrophil-lymphocyte ratio.
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Data collection. Clinical data including sex, age, Enneking stage, Karnofsky performance status (KPS) score, 
tumor location, neoadjuvant chemotherapy, histologic type, pathological fracture, local recurrence, and occur-
rence of metastasis were collected. Routine laboratory measurements were performed before any anti-cancer 
treatments. Data including CRP, albumin, neutrophil count, lymphocyte count, and platelet count were used to 
calculate GPS, NLR, PLR, LMR, and NPS.

Factor

Univariate analysis Multivariate analysis

HR(95%CI) P HR(95%CI) P

Gender 0.417

 Female Reference

 Male 1.213 (0.761–1.934)

Age/year 0.479

 < 18 Reference

 ≥ 18 0.850 (0.542–1.333)

Tumor site 0.022 0.061

 Extremities Reference Reference

 Non-extremities 2.058 (1.110–3.814) 1.907 (0.971–3.746)

Enneking’s surgical staging 0.000 0.509

 I/II Reference Reference

 III 2.751 (1.559–4.855) 1.228 (0.668–2.255)

Karnofsky performance status score 0.262

 ≥ 80 Reference

 ≤ 70 1.561 (0.717–3.399)

Neoadjuvant chemotherapy 0.311

 No Reference

 Yes 0.756 (0.441–1.298)

Pathological fracture 0.258

 No Reference

 Yes 0.618 (0.268–1.423)

Local recurrence 0.162

 No Reference

 Yes 1.449 (0.861–2.439)

Metastasis 0.000 0.000

 No Reference Reference

 Yes 12.751 (6.642–24.479) 10.407 (5.265–20.570)

NLR 0.000 0.009

 0 Reference Reference

 1 2.645 (1.682–4.160) 2.097 (1.202–3.658)

PLR 0.030 0.186

 0 Reference Reference

 1 1.746 (1.056–2.887) 0.676 (0.379–1.207)

LMR 0.020 0.796

 0 Reference Reference

 1 0.559 (0.342–0.912) 0.927 (0.524–1.641)

GPS 0.000 0.009

 0 Reference Reference

 1/2 5.596 (2.501–5.170) 2.250 (1.222–4.145)

CRP 0.000 0.709

 0 Reference Reference

 1 3.133 (1.874–5.239) 1.166 (0.521–2.610)

NPS 0.803

 0 Reference

 1/2 1.101 (0.515–2.358)

Table 3. Univariate and multivariate Cox proportional hazard regression analyses of overall survival. 
GPS =  Glasgow prognostic score; CRP =  the C-reactive protein; NLR =  neutrophil-lymphocyte ratio; 
PLR =  platelet-lymphocyte ratio; LMR =  lymphocyte-monocyte ratio; NPS =  neutrophil platelet score; 
HR =  hazard ratios; CI =  confidence interval.
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The GPS was constructed as following27: patients with both elevated CRP(> 10 mg/L)22 and hypoalbuminae-
mia (< 35 g/L) were allocated a score of 2; patients with neither of the biochemical abnormalities were allocated 
a score of 0; and others with either of the biochemical abnormalities were allocated a score of 1. The NPS was 
calculated as follows18: patients with a neutrophil count ≤ 7.5 ×  109/L and platelets ≤ 400 ×  109/L were scored 0, 
patients with neutrophils > 7.5 ×  109/L or platelets > 400 ×  109/L were scored 1 and patients with both neutrophils 
> 7.5 ×  109/L and platelets > 400 ×  109/L were scored 2. NLR was defined as a simple ratio of the absolute neutro-
phil count over lymphocyte count. PLR was defined as a ratio of the platelet count over the absolute lymphocyte 
count. LMR was defined as a ratio of the absolute lymphocyte count over the monocyte count.

Factor

Histological subtypes

Conventional Telangiectatic Intramedullary Periosteal

Metastasis

 No 75 3 4 2

 Yes 73 3 2 0

NLR

 0 101 3 3 2

 1 47 3 3 0

GPS

 0 117 4 3 2

 1/2 31 2 3 0

Table 4.  The association between histological subtypes and GPS, NLR and occurrence of metastasis. Data 
presented are number. GPS =  Glasgow prognostic score; NLR =  neutrophil-lymphocyte ratio.

Inflammation-
based scores Cut-off value AUC

Sensitivity 
(%)

Specificity 
(%)

Positive 
likelihood 

ratio

Negative 
likelihood 

ratio

GPS Unavailable* 0.677 40.8 94.2 7.034 0.628

CRP 10 mg/L** 0.603 26.3 94.2 4.534 0.782

NLR 2.57 0.663 50.0 82.6 2.874 0.605

PLR 123.50 0.600 72.4 47.7 1.384 0.579

LMR 4.73 0.407 30.3 51.2 0.621 1.361

NPS Unavailable* 0.504 6.6 94.2 1.138 0.992

Table 5.  Sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio for inflammation-
based scores. GPS =  Glasgow prognostic score; CRP =  the C-reactive protein; NLR =  neutrophil-lymphocyte 
ratio; PLR =  platelet-lymphocyte ratio; LMR =  lymphocyte-monocyte ratio; NPS =  neutrophil platelet score; 
ROC =  eceiver operating characteristic analysis; AUC =  the area under the curve. *GPS and NPS are categorical 
variables. **The cut-off value of CRP was determined by reference rather than ROC curve.

1 - Specificity
1.00.80.60.40.20.0

S
en

si
tiv

ity

1.0

0.8

0.6

0.4

0.2

0.0

Reference Line
CRP
LMR
PLR
NLR
GPS

Figure 3. Comparison of the area under the ROC curve of inflammation-based scores to predict overall 
survival. ROC =  receiver operating characteristic; GPS =  Glasgow prognostic score; CRP =  the C-reactive 
protein; NLR =  eutrophil-lymphocyte ratio; PLR =  platelet-lymphocyte ratio; LMR =  lymphocyte-monocyte 
ratio; NPS =  neutrophil-platelet score.
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Patient follow-up. All 162 patients were followed after the completion of adjuvant chemotherapy. The inter-
vals for follow-up were every 3 months for the first 4 years, then every 6 months until December 10, 2015. The 
routine follow-up examinations included physical examination, laboratory tests, chest CT and radiographs of the 
operated limb. Bone scans were performed every 6 months. The study was approved by the medical ethics com-
mittee of Shanghai Jiaotong University Affiliated Sixth People’s Hospital.

Statistical analysis. All statistical analyses were performed by SPSS statistical software (Version 17.0, IBM 
Corp.). Overall survival (OS) was defined as the time from the date of diagnosis to the date of the last follow-up or 
death from any cause. The optimal cut-off values of NLR, PLR and LMR were determined by receiver operating 
characteristic (ROC) analysis, using OS as end-point. Kaplan-Meier analysis was performed to plot the survival 
curve. To determine the independent prognostic factors, univariate analysis and multivariate analysis, expressed 
as hazard ratios (HR) and 95% confidence, were performed by Cox Regression Model. Area under the curve 
(AUC) of ROC was calculated and compared to evaluate the discriminatory ability of the inflammation-based 
prognostic scores. P values were two-sided, and P <  0.05 was considered statistically significant.

References
1. Bielack, S. S. et al. Prognostic factors in high-grade osteosarcoma of the extremities or trunk: an analysis of 1,702 patients treated on 

neoadjuvant cooperative osteosarcoma study group protocols. Journal of clinical oncology: official journal of the American Society of 
Clinical Oncology 20, 776–790 (2002).

2. Duong, L. M. & Richardson, L. C. Descriptive epidemiology of malignant primary osteosarcoma using population-based registries, 
United States, 1999–2008. Journal of registry management 40, 59–64 (2013).

3. Longhi, A., Errani, C., De Paolis, M., Mercuri, M. & Bacci, G. Primary bone osteosarcoma in the pediatric age: state of the art. 
Cancer treatment reviews 32, 423–436, doi: 10.1016/j.ctrv.2006.05.005 (2006).

4. Enneking, W. F., Spanier, S. S. & Goodman, M. A. A system for the surgical staging of musculoskeletal sarcoma. 1980. Clinical 
orthopaedics and related research, 4–18, doi: 10.1097/01.blo.0000093891.12372.0f (2003).

5. Bramer, J. A., van Linge, J. H., Grimer, R. J. & Scholten, R. J. Prognostic factors in localized extremity osteosarcoma: a systematic 
review. European journal of surgical oncology: the journal of the European Society of Surgical Oncology and the British Association of 
Surgical Oncology 35, 1030–1036, doi: 10.1016/j.ejso.2009.01.011 (2009).

6. Ren, H. Y., Sun, L. L., Li, H. Y. & Ye, Z. M. Prognostic Significance of Serum Alkaline Phosphatase Level in Osteosarcoma: A Meta-
Analysis of Published Data. BioMed research international 2015, 160835, doi: 10.1155/2015/160835 (2015).

7. Hogendoorn, P. C. et al. Bone sarcomas: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of 
oncology: official journal of the European Society for Medical Oncology/ESMO 21 Suppl 5, v204–213, doi: 10.1093/annonc/mdq223 
(2010).

8. Wang, T., Ji, F., Dai, Z., Xie, Y. & Yuan, D. Increased expression of microRNA-191 as a potential serum biomarker for diagnosis and 
prognosis in human osteosarcoma. Cancer biomarkers: section A of Disease markers 15, 543–550, doi: 10.3233/CBM-150493 (2015).

9. Liu, Y., Teng, Z., Wang, Y., Gao, P. & Chen, J. Prognostic Significance of Survivin Expression in Osteosarcoma Patients: A Meta-
Analysis. Medical science monitor: international medical journal of experimental and clinical research 21, 2877–2885, doi: 10.12659/
MSM.894448 (2015).

10. Li, F., Cao, L., Hang, D., Wang, F. & Wang, Q. Long non-coding RNA HOTTIP is up-regulated and associated with poor prognosis 
in patients with osteosarcoma. International journal of clinical and experimental pathology 8, 11414–11420 (2015).

11. Colotta, F., Allavena, P., Sica, A., Garlanda, C. & Mantovani, A. Cancer-related inflammation, the seventh hallmark of cancer: links 
to genetic instability. Carcinogenesis 30, 1073–1081, doi: 10.1093/carcin/bgp127 (2009).

12. Hanahan, D. & Weinberg, R. A. The hallmarks of cancer. Cell 100, 57–70 (2000).
13. Mantovani, A., Allavena, P., Sica, A. & Balkwill, F. Cancer-related inflammation. Nature 454, 436–444, doi: 10.1038/nature07205 

(2008).
14. Aggarwal, B. B., Vijayalekshmi, R. V. & Sung, B. Targeting inflammatory pathways for prevention and therapy of cancer: short-term 

friend, long-term foe. Clinical cancer research: an official journal of the American Association for Cancer Research 15, 425–430, doi: 
10.1158/1078-0432.CCR-08-0149 (2009).

15. Pan, Q. X., Su, Z. J., Zhang, J. H., Wang, C. R. & Ke, S. Y. A comparison of the prognostic value of preoperative inflammation-based 
scores and TNM stage in patients with gastric cancer. OncoTargets and therapy 8, 1375–1385, doi: 10.2147/OTT.S82437 (2015).

16. Song, A., Eo, W. & Lee, S. Comparison of selected inflammation-based prognostic markers in relapsed or refractory metastatic 
colorectal cancer patients. World journal of gastroenterology 21, 12410–12420, doi: 10.3748/wjg.v21.i43.12410 (2015).

17. Kinoshita, A. et al. Comparison of the prognostic value of inflammation-based prognostic scores in patients with hepatocellular 
carcinoma. British journal of cancer 107, 988–993, doi: 10.1038/bjc.2012.354 (2012).

18. Watt, D. G., Proctor, M. J., Park, J. H., Horgan, P. G. & McMillan, D. C. The Neutrophil-Platelet Score (NPS) Predicts Survival in 
Primary Operable Colorectal Cancer and a Variety of Common Cancers. PloS one 10, e0142159, doi: 10.1371/journal.pone.0142159 
(2015).

19. Wang, D. S. et al. Comparison of the prognostic values of various inflammation based factors in patients with pancreatic cancer. 
Medical oncology (Northwood, London, England) 29, 3092–3100, doi: 10.1007/s12032-012-0226-8 (2012).

20. Jeong, J. H. et al. Comparison of two inflammation-based prognostic scores in patients with unresectable advanced gastric cancer. 
Oncology 83, 292–299, doi: 10.1159/000342376 (2012).

21. Group, E. S. E. S. N. W. Bone sarcomas: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of 
oncology: official journal of the European Society for Medical Oncology/ESMO 25 Suppl 3, iii113–123, doi: 10.1093/annonc/mdu256 
(2014).

22. Yi, J. H. et al. C-reactive protein as a prognostic factor for human osteosarcoma: a meta-analysis and literature review. PloS one 9, 
e94632, doi: 10.1371/journal.pone.0094632 (2014).

23. Funovics, P. T. et al. Pre-operative serum C-reactive protein as independent prognostic factor for survival but not infection in 
patients with high-grade osteosarcoma. International orthopaedics 35, 1529–1536, doi: 10.1007/s00264-011-1208-8 (2011).

24. Nakamura, T. et al. The prognostic value of the serum level of C-reactive protein for the survival of patients with a primary sarcoma 
of bone. The bone & joint journal 95-B, 411–418, doi: 10.1302/0301-620X.95B3.30344 (2013).

25. Li, X., Tian, F., Wang, F. & Li, Y. Serum C-reactive protein and overall survival of patients with osteosarcoma. Tumour biology: the 
journal of the International Society for Oncodevelopmental Biology and Medicine 36, 5663–5666, doi: 10.1007/s13277-015-3240-6 
(2015).

26. Liu, T. et al. Pre-operative lymphocyte-to-monocyte ratio as a predictor of overall survival in patients suffering from osteosarcoma. 
FEBS open bio 5, 682–687, doi: 10.1016/j.fob.2015.08.002 (2015).

27. Forrest, L. M., McMillan, D. C., McArdle, C. S., Angerson, W. J. & Dunlop, D. J. Evaluation of cumulative prognostic scores based on 
the systemic inflammatory response in patients with inoperable non-small-cell lung cancer. British journal of cancer 89, 1028–1030, 
doi: 10.1038/sj.bjc.6601242 (2003).



www.nature.com/scientificreports/

9Scientific RepoRts | 6:39862 | DOI: 10.1038/srep39862

28. Lamb, G. W., Aitchison, M., Ramsey, S., Housley, S. L. & McMillan, D. C. Clinical utility of the Glasgow Prognostic Score in patients 
undergoing curative nephrectomy for renal clear cell cancer: basis of new prognostic scoring systems. British journal of cancer 106, 
279–283, doi: 10.1038/bjc.2011.556 (2012).

29. Shiba, H. et al. Glasgow prognostic score predicts outcome after surgical resection of gallbladder cancer. World journal of surgery 39, 
753–758, doi: 10.1007/s00268-014-2844-0 (2015).

30. Ohira, M. et al. Glasgow Prognostic Score as a Prognostic Clinical Marker in T4 Esophageal Squamous Cell Carcinoma. Anticancer 
research 35, 4897–4901 (2015).

31. Hoffmann, T. K. et al. Spontaneous apoptosis of circulating T lymphocytes in patients with head and neck cancer and its clinical 
importance. Clinical cancer research: an official journal of the American Association for Cancer Research 8, 2553–2562 (2002).

32. Schmidt, H. et al. Elevated neutrophil and monocyte counts in peripheral blood are associated with poor survival in patients with 
metastatic melanoma: a prognostic model. British journal of cancer 93, 273–278, doi: 10.1038/sj.bjc.6602702 (2005).

33. Ku, J. H. et al. The prognostic value of pretreatment of systemic inflammatory responses in patients with urothelial carcinoma 
undergoing radical cystectomy. British journal of cancer 112, 461–467, doi: 10.1038/bjc.2014.631 (2015).

34. Joseph, N. et al. Pre-treatment lymphocytopaenia is an adverse prognostic biomarker in muscle-invasive and advanced bladder 
cancer. Annals of oncology: official journal of the European Society for Medical Oncology/ESMO, doi: 10.1093/annonc/mdv546 (2015).

35. Hutterer, G. C. et al. Preoperative Leucocytosis, Thrombocytosis and Anemia as Potential Prognostic Factors in Non-metastatic 
Renal Cell Carcinoma. Anticancer research 35, 3463–3469 (2015).

36. Feng, J. F., Liu, J. S. & Huang, Y. Lymphopenia predicts poor prognosis in patients with esophageal squamous cell carcinoma. 
Medicine 93, e257, doi: 10.1097/MD.0000000000000257 (2014).

37. Ji, H. et al. K-ras activation generates an inflammatory response in lung tumors. Oncogene 25, 2105–2112, doi: 10.1038/
sj.onc.1209237 (2006).

38. Pollard, J. W. Tumour-educated macrophages promote tumour progression and metastasis. Nature reviews. Cancer 4, 71–78, doi: 
10.1038/nrc1256 (2004).

39. Lissoni, P. et al. Efficacy of cancer chemotherapy in relation to the pretreatment number of lymphocytes in patients with metastatic 
solid tumors. The International journal of biological markers 19, 135–140 (2004).

40. Coussens, L. M. & Werb, Z. Inflammation and cancer. Nature 420, 860–867, doi: 10.1038/nature01322 (2002).
41. Orellana, R. et al. Platelets enhance tissue factor protein and metastasis initiating cell markers, and act as chemoattractants 

increasing the migration of ovarian cancer cells. BMC cancer 15, 290, doi: 10.1186/s12885-015-1304-z (2015).
42. Zhou, X. et al. Prognostic value of PLR in various cancers: a meta-analysis. PloS one 9, e101119, doi: 10.1371/journal.pone.0101119 

(2014).
43. Zhao, Q. T. et al. Prognostic role of neutrophil to lymphocyte ratio in lung cancers: a meta-analysis including 7,054 patients. 

OncoTargets and therapy 8, 2731–2738, doi: 10.2147/OTT.S90875 (2015).
44. Nishijima, T. F., Muss, H. B., Shachar, S. S., Tamura, K. & Takamatsu, Y. Prognostic value of lymphocyte-to-monocyte ratio in 

patients with solid tumors: A systematic review and meta-analysis. Cancer treatment reviews 41, 971–978, doi: 10.1016/j.
ctrv.2015.10.003 (2015).

45. Toussaint, E. et al. Causes of fever in cancer patients (prospective study over 477 episodes). Supportive care in cancer: official journal 
of the Multinational Association of Supportive Care in Cancer 14, 763–769, doi: 10.1007/s00520-005-0898-0 (2006).

46. Kathula, S. K., Shah, K., Polenakovik, H. & Koduri, J. Cyclo-oxygenase II inhibitors in the treatment of neoplastic fever. Supportive 
care in cancer: official journal of the Multinational Association of Supportive Care in Cancer 11, 258–259, doi: 10.1007/s00520-002-
0432-6 (2003).

47. Tsavaris, N. et al. A randomized trial of the effect of three non-steroid anti-inflammatory agents in ameliorating cancer-induced 
fever. Journal of internal medicine 228, 451–455 (1990).

48. Almeida, A. P., Bayer, B. M., Horakova, Z. & Beaven, M. A. Influence of indomethacin and other anti-inflammatory drugs on 
mobilization and production of neutrophils: studies with carrageenan-induced inflammation in rats. The Journal of pharmacology 
and experimental therapeutics 214, 74–79 (1980).

49. Bhatt, V. & Saleem, A. Review: Drug-induced neutropenia–pathophysiology, clinical features, and management. Annals of clinical 
and laboratory science 34, 131–137 (2004).

Acknowledgements
The study was supported by grants from the National Natural Science Foundation of China (no. 81001191), 
Science and Technology Commission of Shanghai, China (no. 10PJ1408300) and Natural Science Foundation of 
Shanghai, China (no. 16ZR1425900).

Author Contributions
A.H. and Y.H. conceived and designed the experiments. Y.H. carried out data acquisition. Y.S. and J.Z. provided 
assistance for data acquisition. Y.Y. and Z.S. were responsible for interpretation of data and critical appraisal. 
B.L. performed the data analysis. A.H. and D.X. designed and drafted the manuscript. All authors reviewed the 
manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Liu, B. et al. Prognostic value of inflammation-based scores in patients with 
osteosarcoma. Sci. Rep. 6, 39862; doi: 10.1038/srep39862 (2016).
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/
 
© The Author(s) 2016

http://creativecommons.org/licenses/by/4.0/

	Prognostic value of inflammation-based scores in patients with osteosarcoma
	Results
	Patient characteristics. 
	The optimal cut-off value for inflammation-based scores. 
	Survival analysis. 
	Discriminatory ability of inflammation-based scores. 

	Discussion
	Methods
	Patients. 
	Data collection. 
	Patient follow-up. 
	Statistical analysis. 

	Acknowledgements
	Author Contributions
	Figure 1.  Flow chart for patients’ selection in this study.
	Figure 2.  Kaplan Meier survival curves for overall survival according to inflammation-based scores in 162 osteosarcoma patients.
	Figure 3.  Comparison of the area under the ROC curve of inflammation-based scores to predict overall survival.
	Table 1.   Patient characteristics.
	Table 2.   Methods of therapy and causes of death for the osteosarcoma patients with high GPS and NLR.
	Table 3.  Univariate and multivariate Cox proportional hazard regression analyses of overall survival.
	Table 4.   The association between histological subtypes and GPS, NLR and occurrence of metastasis.
	Table 5.   Sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio for inflammation-based scores.



 
    
       
          application/pdf
          
             
                Prognostic value of inflammation-based scores in patients with osteosarcoma
            
         
          
             
                srep ,  (2016). doi:10.1038/srep39862
            
         
          
             
                Bangjian Liu
                Yujing Huang
                Yuanjue Sun
                Jianjun Zhang
                Yang Yao
                Zan Shen
                Dongxi Xiang
                Aina He
            
         
          doi:10.1038/srep39862
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep39862
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep39862
            
         
      
       
          
          
          
             
                doi:10.1038/srep39862
            
         
          
             
                srep ,  (2016). doi:10.1038/srep39862
            
         
          
          
      
       
       
          True
      
   




