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Purpose: Growing evidence indicates that preoperative biomarkers could be identified as 
independent prognostic factors in various cancers. The purpose of this study was to assess 
prognostic value of the preoperative lymphocyte-to-C-reactive protein ratio (LCR), albumin- 
to-globulin ratio (AGR), lymphocyte–monocyte ratio (LMR), and C-reactive protein to 
albumin ratio (CAR) in patients with osteosarcoma.
Methods: A total of 137 osteosarcoma patients treated at our hospital between 2011 and 
2019 were enrolled in the study. Patient demographics, clinical characteristics, and laboratory 
data were collected and analyzed. The optimal cutoff values of LCR, AGR, LMR, and CAR 
were assessed with receiver operating characteristic (ROC) analysis. Kaplan–Meier analysis 
was performed to estimate overall survival (OS). Univariate and multivariate Cox regression 
models were employed to determine the independent prognostic factors. The hazard ratios 
(HR) and 95% confidence intervals (95% CI) were calculated to evaluate relative risk.
Results: The optimal cutoff values of LCR, AGR, LMR, and CAR were 0.14, 1.79, 3.05 and 
0.24, respectively. According to the univariate analysis, OS was remarkably associated with 
neoadjuvant chemotherapy (P < 0.001), pathological fracture (P < 0.001), local recurrence 
(P = 0.020), metastasis (P < 0.001), LCR (P = 0.035), AGR (P = 0.028), LMR (P = 0.010), 
and CAR (P = 0.004). In multivariate analyses, pathological fracture (P = 0.025), metastasis 
(P < 0.001), LCR (P = 0.012), and AGR (P = 0.001) were identified as independent risk 
predictors for OS.
Conclusion: The present study provides new evidence that the preoperative LCR and AGR 
could serve as independent prognostic factors for patients with osteosarcoma. These findings 
will help physicians to stratify patients for appropriate treatment protocols and facilitate 
decision-making so as to improve the patients’ survival condition.
Keywords: osteosarcoma, biomarker, albumin-to-globulin ratio, C-reactive protein, 
lymphocyte, prognosis

Background
Osteosarcoma, predominantly affecting children and adolescents, is the most common 
primary malignant bone tumor with a poor prognosis.1,2 Standard therapy consists of 
cycles of neoadjuvant chemotherapy followed by surgical resection, with subsequent 
several continuation cycles of adjuvant chemotherapy.3 With advances in multi- 
disciplinary treatment, the 5-year overall survival (OS) of patients with osteosarcoma 
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has improved significantly.4 However, the overall oncologi-
cal outcome of osteosarcoma patients remains unsatisfactory, 
especially in those with local recurrence and distant 
metastasis.5 The conventionally established prognostic para-
meters for osteosarcoma such as tumor size, alkaline phos-
phatase, lactate dehydrogenase, have been demonstrated to 
be inherently inaccurate and inadequate for prognostic 
prediction.6–11 Therefore, there is an urgent need to explore 
more powerful, comprehensive, and multidimensional pre-
dictors to provide additional prognostic information.

Systemic inflammatory responses and nutritional status 
are associated with the development and progression of 
malignancies.12–15 Previous studies have confirmed the 
relationship between inflammation and nutrition, and the 
systemic inflammation was reported to lead to a worse 
nutritional status, thus resulting in a poor prognosis in 
cancer patients.16–20 Numerous studies have evaluated 
the potential of systemic inflammatory markers based on 
blood examination to serve as prognostic biomarkers in 
various cancer patients, including osteosarcoma.21–24 

Previous studies have indicated that preoperative biomar-
kers, including lymphocyte–monocyte ratio (LMR), 
Glasgow prognostic score (GPS), C-reactive protein to 
albumin ratio (CAR), neutrophil–lymphocyte ratio 
(NLR), systemic immune-inflammation index (SII), prog-
nostic nutritional index (PNI), and neutrophil–platelet 
score (NPS), might be effective prognostic parameters to 
assess clinical features and prognosis of patients with 
osteosarcoma.11,22,25–27 However, the prognostic signifi-
cance of the preoperative lymphocyte-to-C-reactive pro-
tein ratio (LCR) and albumin-to-globulin ratio (AGR) in 
osteosarcoma has not been elucidated.

Accumulating evidence has assessed the pivotal role of 
preoperative LCR and AGR on predicting survival benefits 
in various cancers.16,23,28,29 Therefore, we performed the 
retrospective study to evaluate the prognostic value of the 
two factors in our patients with osteosarcoma. In addition, 
other inflammatory indicators in osteosarcoma patients, 
such as LMR and CAR, were also investigated.

Methods
Patients and Study Design
The study protocol was approved by Ethics committee of 
the Third Hospital of Hebei Medical University. All the 
patients gave written informed consent to review their 
clinical records. In addition, parental or legal guardian 
informed consent was obtained for any patient under the 

age of 18 years, and that this study was conducted in 
accordance with the Declaration of Helsinki.

A total of 137 osteosarcoma patients treated at our 
hospital between January 2011 and August 2019 were 
enrolled in the study. Participants were included if they 
(1) were pathologically confirmed osteosarcoma; (2) did 
not receive any previous anti-cancer treatment; (3) had 
detailed medical records and laboratory results; and (4) 
had regular medical follow-up. The participants in the 
following conditions were excluded: (1) patients with clin-
ical evidence of immune disease, hematologic diseases, 
infection or other inflammatory diseases; (2) patients 
with a history of nonsteroidal anti-inflammatory drugs 
(NSAIDs) use within 3 months; and (3) patients with 
incomplete medical records.

Data Collection and Definition
All the medical records and clinical information of the 
patients were extracted independently by three authors 
(HZH, XTD and QCS). The following clinical parameters 
were collected from the medical data: age, sex, tumor 
localization, Enneking stage, presence of pathological 
fracture, local recurrence, metastasis, neoadjuvant che-
motherapy, and laboratory test results (including albumin 
level, CRP, neutrophil count, platelet count, and lympho-
cyte count).

Preoperative blood samples from each patient were 
obtained within 2 weeks before operation. The calculation 
formulas of LCR, AGR, LMR, and CAR22,23,29–31 were 
described as follows: LCR = lymphocyte count (number/ 
L)/CRP (mg/L), AGR = albumin/(total serum protein – 
albumin). LMR = lymphocyte count (number/L)/monocyte 
(number/L), and CAR = CRP (mg/L)/albumin (g/L).

Follow-Up
Routine follow-up of all patients after operation was per-
formed every month for the first 3 months after surgery, then 
every 6 months for the next 2 years, and annually thereafter. 
The routine examinations during the follow-up included 
physical examination, surgical site X-ray, and laboratory 
tests. Chest computed tomography (CT) scan was performed 
every 3 months and bone scan was conducted every 6 
months to detect potential metastases. Tumor responses 
were evaluated by CT/magnetic resonance imaging (MRI) 
scans using the Response Evaluation Criteria in Solid 
Tumors (RECIST).32 OS, the main end point, was defined 
as the time from the date of surgery to the latest follow-up of 
this study (August 2020) or death.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 12674

Hu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Statistical Analysis
All statistical analyses were performed by using SPSS 20.0 
(IBM Corporation, Armonk, NY, USA). Categorical vari-
ables were presented as frequencies and percentages were 
analyzed by the chi-squared test or Fisher’s exact test as 
applicable. The optimal cutoff values of the inflammation- 
based prognostic variables were defined according to 
a receiver operating characteristic (ROC) curve. Survival 
analysis was performed by using the Kaplan–Meier method, 
and a Log rank test was used to determine significance. 
Univariate and multivariate Cox regression models were 
performed to determine the independent prognostic factors. 
The hazard ratios (HR) and 95% confidence intervals (95% 

CI) were utilized to evaluate relative risk. A two-tailed 
P-value < 0.05 was defined as statistically significant.

Results
Clinical Characteristics of Patients
The clinical characteristics of the patients are demonstrated 
in Table 1. According to the inclusion criteria, a total of 137 
patients were enrolled in the current study, including 80 
males and 57 females, the median age at diagnose was 26 
years (range, 9–82). Among all the patients, majority of the 
tumors were located in extremities (82.5%). One hundred 
and three patients were in Enneking stage I/II (75.2%) and 34 
patients were in stage III (24.8%), respectively. Pathological 

Table 1 Clinicopathological Characteristics of Patients

Variables Cases LCR AGR LMR CAR

<0.14 ≥0.14 P-value <1.79 ≥1.79 P-value <3.05 ≥3.05 P-value <0.24 ≥0.24 P-value

Age 0.395 0.095 0.807 0.545

<18 years 55 15 40 38 17 28 27 30 25
≥18 years 82 28 54 45 37 40 42 49 33

Sex 0.280 0.587 0.654 0.314
Female 57 15 42 33 24 27 30 30 27

Male 80 28 52 50 30 41 39 49 31

Tumor site 0.821 0.037 0.190 0.403

Extremities 113 35 78 73 40 59 54 67 46
Non- 

extremities

24 8 16 10 14 9 15 12 12

Enneking stage 0.000 0.075 0.401 0.149

I/II 103 24 79 58 45 49 54 63 40

III 34 19 15 25 9 19 15 16 18

Neoadjuvant 

Chemotherapy

0.000 0.103 0.002 0.010

No 15 13 2 12 3 13 2 4 11

Yes 122 30 92 71 51 55 67 75 47

Pathological 

fracture

0.000 0.000 0.000 0.001

No 103 15 88 52 51 38 65 68 35
Yes 34 28 6 31 3 30 4 11 23

Local 
recurrence

0.000 0.112 0.000 0.002

No 113 24 89 65 48 48 65 72 41

Yes 24 19 5 18 6 20 4 7 17

Metastasis 0.000 0.000 0.001 0.004

No 76 12 64 36 40 28 48 52 24
Yes 61 31 30 47 14 40 21 27 34

Abbreviations: LCR, lymphocyte-to-C-reactive protein ratio; AGR, albumin-to-globulin ratio; LMR, lymphocyte–monocyte ratio; CAR, C-reactive protein to albumin ratio.
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fracture was presented in 34 patients (24.8%). Furthermore, 
tumor recurrence and metastasis occurred in 24 and 61 
patients, respectively. In all, 122 patients (89.1%) were 
received the neoadjuvant chemotherapy, and all the enrolled 
patients received adjuvant chemotherapy after surgery.

Identification of Optimal Cutoff Values 
for LCR, AGR, LMR and CAR
ROC analyses were performed to identify the optimal 
cutoff value of each predictor for survival analysis. As 
shown in Figure 1, the areas under the curve (AUC) for 
survival were 0.763 (95% CI 0.683–0.843, P < 0.001), 
0.690 (95% CI 0.602–0.779, P < 0.001), 0.650 (95% CI 
0.558–0.742, P = 0.002), and 0.621 (95% CI 0.527–0.715, 
P = 0.014) for LCR, AGR, LMR and CAR, respectively. 
Based on the maximum Youden index, the optimal cutoff 
values were recognized as 0.14 (Youden index of 0.457) 

for LCR, 1.79 (Youden index of 0.345) for AGR, 3.05 
(Youden index of 0.270) for LMR, and 0.24 (Youden 
index of 0.24) for CAR, respectively.

Association of Clinical Characteristics 
with Preoperative LCR, AGR, LMR and 
CAR
The relationship between these inflammation-based biomar-
kers and characteristics is shown in Table 1. The results 
suggested that preoperative LCR was significantly related 
with Enneking stage (P < 0.001), neoadjuvant chemotherapy 
(P < 0.001), pathological fracture (P < 0.001), local recur-
rence (P < 0.001) and metastasis (P < 0.001). Nevertheless, 
there were no great differences between preoperative LCR 
and age, sex, and tumor site. Similarly, a significant relation-
ship between preoperative AGR and tumor site (P = 0.037), 
pathological fracture (P < 0.001), and metastasis (P < 0.001) 

Figure 1 ROC curve analysis to evaluate the predictive value of preoperative (A) LCR, (B) AGR, (C) LMR and (D) CAR for OS in patients with osteosarcoma. 
Abbreviations: ROC, receiver operating characteristic curves; LCR, lymphocyte-to-C-reactive protein ratio; AGR, albumin-to-globulin ratio; LMR, lymphocyte–monocyte 
ratio; CAR, C-reactive protein to albumin ratio; OS, overall survival.
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was detected in our study. However, no significant correla-
tions were found between preoperative AGR and age, sex, 
Enneking stage, neoadjuvant Chemotherapy, and local 
recurrence.

In addition, our study also revealed that preoperative 
LMR and CAR were dramatically associated with neoad-
juvant Chemotherapy, pathological fracture local recur-
rence, and metastasis (P < 0.05). Whereas distribution of 
age, sex, tumor site and Enneking stage did not differ 
significantly among these two groups.

Univariate and Multivariate Survival 
Analyses
The average time of follow-up was 55 (range, 4–112) months. 
As displayed in Figure 2, the survival curves revealed that 
patients with higher LCR, AGR, and LMR had obviously 
better OS than those with lower LCR (P < 0.001), AGR 

(P < 0.001), and LMR (P = 0.008). However, patients with 
lower CAR were markedly associated with improved OS (P = 
0.003).

According to the univariate analysis, OS was closely 
associated with neoadjuvant chemotherapy (P < 0.001), 
pathological fracture (P < 0.001), local recurrence (P = 
0.020), metastasis (P < 0.001), LCR (P = 0.035), AGR 
(P = 0.028), LMR (P = 0.010), and CAR (P = 0.004). 
Furthermore, the variables with significance in univariate 
analysis were selected to identify the independent prognos-
tic factors for OS in multivariate analysis. The results 
revealed that pathological fracture (HR = 2.605, 95% CI 
1.130–6.005, P = 0.025), metastasis (HR = 2.876, 95% 
CI 1.608–5.147, P < 0.001), LCR (HR = 0.349, 95% CI 
0.154–0.791, P =0.012), and AGR (HR = 0.351, 95% CI 
0.184–0.668, P = 0.001) were independent risk predictors 
for OS (Table 2).

Figure 2 Kaplan–Meier survival curves for OS in osteosarcoma patients according to (A) LCR, (B) AGR, (C) LMR and (D) CAR. 
Abbreviations: OS, overall survival; LCR, lymphocyte-to-C-reactive protein ratio; AGR, albumin-to-globulin ratio; LMR, lymphocyte–monocyte ratio; CAR, C-reactive 
protein to albumin ratio.

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                      
12677

Dovepress                                                                                                                                                               Hu et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Discussion
The progression of malignancies is not only related to the 
intrinsic characteristics of tumor cells but is also associated 
with the systemic inflammatory response and body’s immu-
nonutritional status.16,33,34 In cancer patients, the systemic 

inflammation can result in a worse nutritional status which 
will slowly lead the patients into cachexia.35 Systemic inflam-
mation caused by complex host–tumor interactions exerts 
a critical role in the development of disease in patients with 
cancers.34 The inflammatory response in cancer might be 

Table 2 Univariate and Multivariate Cox Regression Analyses of Factors Associated with Overall Survival

Variables Univariate Analysis Multivariate Analysis

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

Age 0.843

< 18 years
≥ 18 years 1.052 0.639–1.730

Sex 0.208
Female

Male 1.377 0.837–2.267

Tumor site 0.052

Extremities

Non-extremities 0.461 0.211–1.008

Enneking stage 0.051

I/II
III 1.660 0.998–2.759

Neoadjuvant chemotherapy 0.000 0.123
No

Yes 0.316 0.177–0.564 0.581 0.292–1.158

Pathological fracture 0.000 0.025

No
Yes 2.936 1.806–4.772 2.605 1.130–6.005

Local recurrence 0.020 0.346
No

Yes 1.917 1.106–3.324 1.346 0.726–2.496

Metastasis 0.000 0.000

No

Yes 3.735 2.225–6.271 2.876 1.608–5.147

LCR 0.000 0.012

< 0.14
≥ 0.14 0.266 0.164–0.434 0.349 0.154–0.791

AGR 0.000 0.001
< 1.79

≥ 1.79 0.317 0.179–0.564 0.351 0.184–0.668

LMR 0.010 0.342

< 3.05

≥ 3.05 0.523 0.319–0.856 0.748 0.412–1.361

CAR 0.004 0.838

< 0.24
≥ 0.24 2.044 1.263–3.307 1.065 0.583–1.944

Abbreviations: HR, hazard ratios; CI, confidence interval; LCR, lymphocyte-to-C-reactive protein ratio; AGR, albumin-to-globulin ratio; LMR, lymphocyte–monocyte ratio; 
CAR, C-reactive protein to albumin ratio.
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involved in the hypoxia, local tissue damage, cancer progres-
sion, angiogenesis, and malignant transformation.14,36,37 The 
poor nutritional condition, related with the immune- 
suppressed condition, will contribute to the cancer 
development.38,39 Therefore, understanding the patient’s sys-
temic inflammatory response and nutritional status can allow 
researchers to stratify the prognosis of cancer patients.

Various preoperative markers, such as PNI, SII, NIR, 
LCR, AGR, LMR, and CAR, have been employed to 
reflect the cancer-related systemic inflammation and 
immunonutritional status.16,23,25,31,40 Recent studies have 
displayed that the preoperative LCR could reflect both the 
immunological response and systemic inflammation in 
cancer patients.23,28,41 Serum CRP (C-reactive protein to 
albumin ratio), as a well-established inflammatory marker, 
has been demonstrated to exert an essential role in tumor 
development. The high preoperative CRP level was shown 
to be associated with a poor prognosis in cancer 
patients.42,43 On the contrary, peripheral lymphocytes 
play a formative role in host cell immune response against 
tumors.44 A recent multicenter study revealed that pre- 
operative LCR could effectively predict the short- and 
long-term oncological outcome for gastric cancer (GC) 
patients undergoing radical gastrectomy.41 Moreover, 
Okugawa et al23 also demonstrated that the preoperative 
LCR was an independent prognostic factor for both the 
disease-free survival (DFS) and OS in GC patients. 
However, no relevant studies have reported the prognostic 
role of preoperative LCR in patients with osteosarcoma.

Similarly, serum albumin and globulin can also be used to 
reflect the systemic inflammation and nutritional status.45,46 

Low albumin and elevated globulin levels were reported to 
reflect impaired immunonutritional status, which was 
involved in cancer progression and metastasis.45,47 AGR, 
which combines albumin and globulin, is associated with 
nutritional status and systemic inflammation in cancer 
patients.48 The low preoperative AGR value is correlated 
with several clinicopathological variables related to tumor 
progression and could be utilized to identify cancer patients 
with poor prognosis.16,29 The prognostic value of the AGR 
has been evaluated in numerous cancers, such as 
glioblastoma,16 non-small-cell lung cancer,29 esophageal 
cancer.49 However, little was known about the prognostic 
value of the preoperative AGR in patients with 
osteosarcoma.

According to these pieces of evidence mentioned 
above, we hypothesized that malnutrition and systematic 
inflammation are inseparable for predicting prognosis of 

patients with osteosarcoma. In this study, we systemically 
evaluated the clinical significance and prognostic value of 
preoperative markers, including LCR, AGR, LMR and 
CAR, in 137 osteosarcoma patients. Consistent with the 
findings in other studies,23,26,27,29 high levels of preopera-
tive LCR, AGR, LMR, and low level of CAR were sig-
nificantly correlated with favorable prognosis (P < 0.05) in 
our study. Of note, multivariate analysis revealed that low 
preoperative LCR and AGR were independent prognostic 
factors for OS in patients with osteosarcoma. To our 
knowledge, this is the first study to evaluate the prognostic 
value of LCR and AGR in patients with osteosarcoma. 
However, whether these two indicators could be incorpo-
rated into cancer patients’ stratification system to guide 
individualized or personalized therapy still needs to be 
further confirmed in future prospective studies.

There were several limitations in this study that should 
be clarified. Firstly, it was a retrospective, single-center 
study. Secondly, some other unknown physiological and 
pathophysiological factors that could inevitably influence 
LCR and AGR were not evaluated. In addition, the sample 
size enrolled in our study is relatively small. This may be 
greatly due to the relatively low incidence of osteosarcoma 
compared to other common malignancies. Therefore, 
further investigations involving multicenter prospective 
randomized controlled studies and large sample size 
should be conducted to confirm our findings.

In conclusion, despite the limitations mentioned above, 
our study remains informative. The present study provides 
new evidence that the preoperative LCR and AGR could 
serve as effective and independent prognostic indicators 
for patients with osteosarcoma. These findings will help 
physicians to stratify patients for appropriate treatment 
protocols and facilitate decision-making so as to improve 
the patients’ survival condition.
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