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Abstract: The prognostic role of the C-reactive protein to albumin ratio (CRP/Alb ratio) in 

patients with osteosarcoma has not been investigated. A total of 216 osteosarcoma patients 

were enrolled in the study. Univariate and multivariate survival analyses between the groups 

were performed and Kaplan–Meier analysis was conducted to plot the survival curves. Receiver 

operating characteristic curves were generated and areas under the curve (AUCs) were compared 

to assess the discriminatory ability of the inflammation-based indicators, including CRP/Alb 

ratio, Glasgow prognostic score (GPS), neutrophil–lymphocyte ratio (NLR), and platelet–

lymphocyte ratio (PLR). The optimal cutoff value was 0.210 for CRP/Alb ratio with a Youden 

index of 0.319. Higher values of CRP/Alb ratio were significantly associated with poorer overall 

survival in univariate (HR =2.62, 95% CI =1.70–4.03; P,0.001) and multivariate (HR =2.21, 

95% CI =1.40–3.49; P=0.001) analyses. In addition, the CRP/Alb ratio had significantly higher 

AUC values compared with GPS (P=0.003), NLR (P,0.001), and PLR (P,0.001). The study 

demonstrated that the CRP/Alb ratio is an effective inflammation-based prognostic indicator 

in osteosarcoma, which potentially has a discriminatory ability superior to that of other inflam-

matory indicators including GPS, NLR, and PLR.
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Introduction
Osteosarcoma is a highly malignant bone tumor that predominantly affects adolescents 

and young adults, which accounts for ~45% of all bone sarcomas.1 With combined 

modality treatment, the 5-year overall survival (OS) rate approaches ~50%–70%. 

Conventional prognostic factors including the presence of metastasis, tumor grade, 

tumor site, histological subtype, and Enneking stage have gradually exposed their 

inaccuracy and inadequacy in clinical practice.2 Identification of new effective prog-

nostic factors would be valuable to stratify patients for different treatment protocols 

and improve the survival condition.

Cancer-related inflammation has been recognized as the 7th hallmark of cancer, 

which is tightly linked to the genetic instability in cancer cells.3 Besides, the smoldering 

inflammation in tumor microenvironment could contribute to the progression of 

cancer via promoting proliferation, angiogenesis, and metastasis; reducing response to 

hormones and chemotherapy agents; and subverting adaptive immunity.3,4 Targeting 

of inflammatory pathways has been indicated as a novel way to further enhance the 

therapeutic efficacy.4,5 Because of the association between inflammation and cancer 

development, the prognostic significance of several inflammatory indicators that 
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measure the state of systemic inflammation response has been 

suggested, including neutrophil–lymphocyte ratio (NLR), 

platelet–lymphocyte ratio (PLR), and the Glasgow prognostic 

score (GPS). Indeed, these indicators were reported to be 

linked with prognosis in several types of cancers, such as 

breast, lung, ovarian, and gastric cancers.6–9

Recently, a new inflammatory indicator derived from 

the GPS, the C-reactive protein to albumin ratio (CRP/Alb 

ratio), was introduced as a novel and promising prognostic 

marker in cancer patients,10,11 meanwhile exerting an even 

more effective prognostic significance and discriminatory 

ability than other inflammatory indicators. However, little is 

known about the prognostic role of these inflammation-based 

biomarkers, especially for the CRP/Alb, in osteosarcoma. 

Therefore, we conducted the current retrospective study to 

investigate and compare the prognostic significance of dif-

ferent inflammatory indicators in patients with osteosarcoma, 

including the CRP/Alb ratio, NLR, PLR, and GPS.

Patients and methods
The research protocol of this retrospective study was exam-

ined and approved by the institutional review board and the 

medical ethics committee of West China Hospital, Sichuan 

University.

We reviewed the electronic medical records of all patients 

with osteosarcoma enrolled in our hospital from June 2010 

to November 2016. Patients were included if they 1) had 

pathologically confirmed osteosarcoma; 2) did not receive 

any anti-cancer treatment before; 3) had complete medical 

records and laboratory reports; and 4) had regular follow-up 

and the corresponding clinical data. The patients in the 

following conditions were excluded: 1) those alive with a 

follow-up of ,10 months; 2) who already had neutrophilia, 

high procalcitonin, or high CRP or those with clinical evi-

dence of infection or other inflammatory diseases before 

the first treatment; and 3) those with records of nonsteroidal 

anti-inflammatory drugs treatment because it could affect 

the results of blood test.

Clinical data of interest were extracted independently by 

two authors. A Microsoft Excel sheet (Microsoft Corpora-

tion, Redmond, WA, USA) was designed to collect the fol-

lowing records: 1) details of patients and tumor, including 

sex, age, tumor location, Enneking stage, and presence of 

pathological fracture; 2) treatment method including neo-

adjuvant chemotherapy and surgical option (limb salvage 

or amputation); 3) outcome data including the occurrence 

of local recurrence and metastasis and survival time; and 

4) laboratory test results including Alb, CRP, neutrophil 

count, platelet count, and lymphocyte count that are used to 

calculate CRP/Alb ratio, NLR, and PLR. The CRP/Alb ratio 

was calculated by dividing the CRP level by the Alb level, the 

NLR was calculated by dividing the neutrophil count by the 

lymphocyte count, and the PLR was calculated by dividing 

the platelet count by the lymphocyte count. The GPS was 

allocated based on the combination of both CRP and Alb 

levels: patients with elevated levels of CRP (.10 mg/L) 

and reduced levels of Alb (#35 g/L) were allocated a score 

of 2, those with only one of the biochemical abnormalities 

were allocated a score of 1, and those with neither of the 

abnormalities were allocated a score of 0.

Follow-up protocols were formulated and performed 

according to the National Comprehensive Cancer Network 

practice guidelines. The OS, which is the main end point, 

was calculated from the date of initial histological diagnosis 

to the date of the latest follow-up of this study (November 

2016) or death. The intervals of follow-up were every 

3 months for the first 4 years and then every 6 months until the 

latest follow-up. The routine examinations of the follow-up 

included physical examination, radiographs of the surgical 

site, chest computed tomography, and laboratory tests. Bone 

scans were performed every 6 months.

The statistical analyses were conducted by using SPSS 

Statistics Version 22.0 (IBM Corporation, Chicago, IL, 

USA). Differences in groups were compared by using the 

χ 2 test. Receiver operating characteristic (ROC) analyses 

were performed with OS as the end point, and the optimal 

cutoff values for continuous prognostic variables (ie, CRP/

Alb, NLR, and PLR) were determined at the point of the 

maximal Youden index.10,12 The survival curves were gener-

ated by using Kaplan–Meier analysis and evaluated by log 

rank test. The univariate and multivariate analyses were 

performed by Cox regression model to determine the inde-

pendent prognostic factors. Areas under the curve (AUCs) 

of the ROCs were calculated and compared by Z-test to 

evaluate the discriminatory ability of the inflammation-based 

prognostic variables.11,13 All the statistical analyses were 

considered significant at two-tailed P,0.05.

ethical approval
All the procedures performed in studies involving human 

participants were in accordance with the ethical standards of 

the medical ethics committee of West China Hospital, Sich-

uan University, and with the 1964 Declaration of Helsinki 

and its later amendments.

informed consent
Written informed consent was obtained from all individual 

participants included in the study.
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Results
characteristics of patients and optimal 
cutoff values of inflammation-based 
variables
Table 1 presents the clinicopathological characteristics of the 

patients. A total of 216 patients were enrolled in the current 

study, including 122 men and 94 women. The median age 

was 17 years, and majority of the tumors were located in 

extremities (90.3%). In total, 184 patients were in Enneking 

stage I/II (85.2%), and the rest 32 patients were in stage III 

(14.8%). Pathological fracture was presented in 18 patients 

(8.3%). The neoadjuvant chemotherapy was given to 

179 patients (82.9%), and all the enrolled patients received 

adjuvant chemotherapy after surgery.

The optimal cutoff value for CRP/Alb ratio was calcu-

lated to be 0.210 with the Youden index of 0.319, that for 

NLR was 2.65 (Youden index =0.228), and that for PLR 

was 118 (Youden index =0.204). Table 1 presents the 

clinicopathological significance of the CRP/Alb ratio. The 

CRP/Alb ratio was found to be correlated with tumor stage 

(P=0.006), body mass index (BMI; P=0.031), and the other 

inflammatory indicators (NLR, P=0.003; PLR, P=0.005; and 

GPS, P,0.001).

survival analysis
The median OS of all cohorts was 31.5 months, and 112 

(51.9%) patients were alive at the end of the follow-up. The 

survival curves revealed that patients with lower CRP/Alb 

ratio had significantly better survival than those with higher 

CRP/Alb ratio (P,0.001; Figure 1A). Similar results were 

also observed when patients were grouped by NLR (P=0.003; 

Figure 1B), PLR (P=0.012; Figure 1C), and GPS (P=0.001; 

Figure 1D).

Table 2 presents the univariate and multivariate analysis 

results. The univariate analysis revealed that variables asso-

ciated with better OS included tumor site (HR =1.86, 95% 

CI =1.06–3.27; P=0.031), metastasis (HR =2.74, 95% 

CI =1.75–4.29; P,0.001), and the inflammation-based 

indicators including PLR (HR =1.76, 95% CI =1.13–2.75; 

P=0.012), NLR (HR =1.81, 95% CI =1.23–2.67; P=0.003), 

GPS (HR =1.95, 95% CI =1.33–2.87; P=0.001), and CRP/Alb 

ratio (HR =2.62, 95% CI =1.70–4.03; P,0.001). Because 

the inflammatory indicators of CRP/Alb ratio, NLR, PLR, 

and GPS have correlations, only the CRP/Alb ratio was 

incorporated in the multivariate analysis. The multivariate 

analysis demonstrated that metastasis (HR =1.99, 95% 

CI =1.23–3.22; P=0.005) and CRP/Alb ratio (HR =2.21, 

95% CI =1.40–3.49; P=0.001) were independent prognostic 

factors for better OS.

ROC curves of the inflammation-based 
variables
ROC curves were generated for the survival status to evalu-

ate the discriminatory ability of CRP/Alb, NLR, PLR, and 

GPS (Figure 2). As shown in Table 3, the AUCs were 0.680 

(95% CI =0.614–0.742) for CRP/Alb ratio, 0.644 (95% 

CI =0.577–0.708) for NLR, 0.620 (95% CI =0.552–0.685) 

for GPS, and 0.609 (95% CI =0.540–0.674) for PLR. The 

CRP/Alb ratio had significantly higher AUC values com-

pared with NLR (P,0.001), GPS (P=0.003), and PLR 

(P,0.001; Table 3).

Discussion
To our knowledge, this retrospective analysis based on indi-

vidual data from 216 osteosarcoma patients first explored 

the prognostic value of CRP/Alb ratio and compared it with 

Table 1 clinicopathological characteristics of patients

Variables Patients (n) CRP/Alb 
ratio 
,0.210

CRP/Alb 
ratio 
$0.210

P-value

Total patients 216 95 121 –
gender 0.230

Male 122 58 64
Female 94 37 57

age (years) 0.259
,17 98 39 59
$17 118 56 62

Tumor location 0.082
extremities 195 82 113
nonextremities 21 13 8

enneking stage 0.006
i/ii 184 88 96
iii 32 7 25

Pathological fracture 0.148
Yes 18 5 13
no 198 90 108

Treatment with nacT 0.236
Yes 179 82 97
no 37 13 24

Body mass index 
(kg/m2, mean)

– 20.2 19.3 0.031

nlr 0.003
,2.65 123 65 58
$2.65 93 30 63

Plr 0.005
,118 75 43 32
$118 141 52 89

gPs ,0.001
0 128 72 56
1 77 23 54
2 11 0 11

Abbreviations: crP/alb ratio, c-reactive protein to albumin ratio; gPs, glasgow 
prognostic score; nacT, neoadjuvant chemotherapy; nlr, neutrophil–lymphocyte 
ratio; Plr, platelet–lymphocyte ratio.
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Figure 1 Kaplan–Meier survival curves for overall survival in 216 osteosarcoma patients according to (A) crP/alb ratio, (B) nlr, (C) Plr, and (D) the gPs.
Abbreviations: crP/alb ratio, c-reactive protein to albumin ratio; gPs, glasgow prognostic score; nlr, neutrophil to lymphocyte ratio; Plr, platelet to lymphocyte ratio.

Table 2 Univariate and multivariate analyses of overall survival using the cox proportional hazard model

Variables Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

gender (male vs female) 1.18 0.79–1.75 0.401
age (,17 vs $17 years) 1.27 0.86–1.87 0.227
Pathological fracture (yes vs no) 1.29 0.67–2.48 0.463
Tumor site (extremities vs nonextremities) 1.86 1.06–3.27 0.031 1.63 0.92–2.88 0.094
Metastasis 2.74 1.75–4.29 ,0.001 1.99 1.23–3.22 0.005
neoadjuvant chemotherapy (no vs yes) 1.40 0.87–2.24 0.162
Plr ($118 vs ,118) 1.76 1.13–2.75 0.012
nlr ($2.65 vs ,2.65) 1.81 1.23–2.67 0.003
gPs (1/2 vs 0) 1.95 1.33–2.87 0.001
crP/alb ratio ($0.210 vs ,0.210) 2.62 1.70–4.03 ,0.001 2.21 1.40–3.49 0.001

Abbreviations: crP/alb ratio, c-reactive protein to albumin ratio; gPs, glasgow prognostic score; nlr, neutrophil–lymphocyte ratio; Plr, platelet–lymphocyte ratio.

other inflammatory indicators in patients with osteosarcoma. 

Our findings demonstrated that the CRP/Alb ratio could 

serve as a novel and promising inflammatory prognostic 

indicator in osteosarcoma and has a discriminatory ability 

even superior to that of other inflammatory indicators includ-

ing GPS, NLR, and PLR.

It is becoming increasingly recognized that the systematic 

inflammatory response plays a crucial role in the development 
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and progression of cancers.3,4 Mechanisms for the inflamma-

tory response in cancer have been proposed: the growth and 

invasion of tumor accompany with tumor necrosis, hypoxia, 

and local tissue damage, disrupting the homeostasis and 

inciting acute-phase responses.14,15 Then, tumor cells and/or 

tumor-associated leukocytes could release pro-inflammatory 

cytokines, including IL-1, IL-6, IL-8, tumor necrosis factor, 

and vascular endothelial growth factor.16–18 These inflamma-

tory cytokines could promote tumor angiogenesis, growth, 

invasion, and metastasis; subvert adaptive immune response; 

and enhance the resistance to cytotoxic agents.19,20

CRP is an acute-phase reactant that is regulated by pro-

inflammatory cytokines, especially IL-6. The presence of sys-

tematic inflammatory status in cancer, reflected by elevated 

CRP level, often accompanies with decreased serum Alb 

concentration, lean tissue consuming, and continuous weight 

loss, resulting in an impaired nutritional status and increasing 

the mortality.18,21 Indeed, elevated CRP level was found to 

be correlated with unfavorable prognosis in osteosarcoma 

patients.22–24 However, neutrophils interact with tumor cells 

via secreting cytokines, promoting tumor development.25,26 

Lymphocytes play a crucial role in mediating the immuno-

logic destruction of cancer cells, and lymphocytopenia indi-

cates impairment of the host immune response to tumor.27,28 

Platelets were also reported to serve as chemoattractants, 

contributing to the migration of tumor cells.29,30 These inflam-

matory theoretic backgrounds lead to the emerging of several 

inflammation-based prognostic indicators in cancer patients, 

including NLR, PLR, and GPS.

The CRP/Alb ratio is an indicator derived from GPS. 

Instead of only stratified into three scores (0, 1, and 2) in 

GPS, the CRP/Alb ratio is calculated as a quantitative ratio 

with a continuous range of values, which may theoretically 

better utilize the values of CRP and Alb. However, studies 

focusing on CRP/Alb ratio in cancer patients are limited, 

and no relevant studies have been reported in patients with 

osteosarcoma. In the present study, we aimed to evaluate 

the clinicopathological and prognostic significance of the 

CRP/Alb ratio in osteosarcoma and compared it with other 

inflammatory indicators.

We found that the CRP/Alb ratio is statistically associated 

with Enneking stage, BMI, and other inflammatory indica-

tors (NLR, PLR, and GPS). In the univariate analysis, high 

values of all the four inflammation indicators were found to 

be significantly associated with the poor prognosis of osteo-

sarcoma patients. Besides, the CRP/Alb ratio remained an 

independent prognostic factor in the multivariate analysis. 

The results were in accordance with the studies investigating 

CRP/Alb ratio in other types of tumors.10,11

In the ROC analysis, we compared the prognostic value 

of CRP/Alb ratio with other inflammatory indicators by 

utilizing the Z-test, which has been used and validated in 

previous studies.11,13 The AUC value of CRP/Alb ratio was 

significantly higher than that of NLR, PLR, and GPS, indicat-

ing a superior discriminatory ability of CRP/Alb ratio than 

other inflammatory indicators in terms of prognosis in osteo-

sarcoma patients. The results demonstrated that, compared 

with the GPS that separately utilizes the values of CRP and 

Alb, the CRP/Alb ratio in the form of continuous variable 

could more rationally integrate these values and could acquire 

more accurate prognostic information.

We also identified the tumor site as a prognostic indica-

tor in the univariate analysis, and this is possibly due to the 

fact that the site of origin could critically influence chances 

Figure 2 comparison of the areas under the rOc curves for prognosis among the 
inflammation-based prognostic indicators.
Abbreviations: crP/alb ratio, c-reactive protein to albumin ratio; gPs, glasgow 
prognostic score; nlr, neutrophil to lymphocyte ratio; Plr, platelet to lymphocyte 
ratio; rOc, receiver operating characteristic.

Table 3 Comparison of the AUCs between inflammation-based 
prognostic indicators

Variables AUC 95% CI P-value P-value*

crP/alb ratio 0.680 0.614–0.742 ,0.001 –
nlr 0.644 0.577–0.708 ,0.001 ,0.001
gPs 0.620 0.552–0.685 0.001 0.003
Plr 0.609 0.540–0.674 0.004 ,0.001

Note: *comparison of aUc values between the crP/alb ratio and other 
inflammation-based prognostic indicators using Z-test method.
Abbreviations: aUc, area under the curve; crP/alb ratio, c-reactive protein to 
albumin ratio; gPs, glasgow prognostic score; nlr, neutrophil–lymphocyte ratio; 
Plr, platelet–lymphocyte ratio.
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for radical surgery, which could greatly influence the treat-

ment outcomes and survival. In the multivariate analysis, the 

metastasis also remained an independent prognostic factor. 

Compared with these prognostic indicators, the CRP/Alb 

ratio is a simple, easily available, economical, objective, 

and reproducible indicator and could be measured at the 

early start of treatment and monitored throughout the entire 

therapy period, which make it potentially easy and worthy 

to be promoted in clinical practice.

It needs to be noted that lower BMI levels were found to 

be correlated with higher values of CRP/Alb ratio, which sup-

ports the view that cancer-related systematic inflammation 

often accompanies with an elevation in the overall consump-

tion status of the body. Thus, the CRP/Alb ratio may not only 

be an inflammatory indicator, but also be a marker reflecting 

the nutritional status of cancer patients. There have been 

studies using nutritional supplements to alter the inflamma-

tory and nutritional status and improve the immune function 

of cancer patients.31,32 The application of utilizing CRP/Alb 

ratio in evaluating the inflammatory and trophic status and 

assisting nutritional support therapy of cancer patients may 

be a promising way for future relevant researches.

The CRP/Alb ratio is based on two protein components, 

and the NLR and PLR are based on two cellular components. 

Although we found that the prognostic ability of CRP/Alb 

ratio may be superior to that of the NLR or PLR, which 

suggested that the inflammation-related protein parameters 

might be more reliable than the cellular parameters in 

predicting prognosis, the two categories of indicators are 

actually not incompatible with each other. The comple-

mentary combination of CRP/Alb ratio with NLR and PLR 

may provide firmer prognostic information for clinicians. 

In addition, whether these inflammatory indicators could 

be incorporated in cancer patients’ stratification system to 

instruct individual treatment is needed to be clarified in future 

prospective studies.

A potential limitation of this study is that it was a retro-

spective, single-center study. Although the patient samples 

were relatively large among the studies concerning osteo-

sarcoma patients and the multivariate analysis showed that 

the CRP/Alb ratio remained an independent prognostic 

factor, the value is still restricted due to its retrospective 

design. Second, heterogeneity existed in treatments of these 

patients, which may bring potential bias to the results. Thus, 

the results of the current study should be interpreted with 

caution and remained to be validated in future multicenter 

prospective studies.

Conclusion
Our findings demonstrated that the CRP/Alb ratio is a novel 

and promising inflammation-based prognostic indicator in 

osteosarcoma patients, which may potentially have a dis-

criminatory ability superior to that of other inflammatory 

indicators including GPS, NLR, and PLR. Future multicenter 

prospective studies are needed to validate our findings and 

further explore the value of combined use of these inflamma-

tory indicators in further prolonging survival of osteosarcoma 

patients.
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