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Osteosarcoma is a primary malignant bone tumor with high metastatic potential. To
date, achieving long-term survival of osteosarcoma patients remains a difficult task.
Metabolic reprogramming has emerged as a new hallmark of cancer. However, studies
on the prognostic value of hematological markers related to nutritional and metabolism in
cancer patients are limited and contradictory. In this retrospective study, we extensively
collected 16 hematological markers related to nutritional and metabolism in 223
osteosarcoma patients. A nutritional metabolism related prognostic scoring system
(NMRS) in patients with osteosarcoma was constructed by least absolute contraction
and selection operator (LASSO) cox regression analysis. Compared with individual
hematological indicators, NMRS has stronger predictive power (training set: 0.811 vs.
0.362–2.638; validation set: 0.767 vs. 0.333–0.595). It is an independent prognostic
factor for the survival of patients with osteosarcoma [HR: 1.957 (1.375–2.786) training
set; HR: 3.146 (1.574–6.266) validation set]. NMRS-based nomograms have good and
stable predictive power. NMRS facilitates further risk stratification of patients with the
same clinical characteristics.

Keywords: osteosarcoma, nutrition, metabolism, prognosis, hematology

INTRODUCTION

Osteosarcoma is the most common primary malignant bone tumor, accounting for 20–40% of all
bone tumors (1, 2). Tumors tend to occur in children and adolescents and have a high metastatic
potential. The 5-year survival rate of patients with standard treatment is about 60–70% (3).
However, approximately 15–20% of patients have developed metastases at initial diagnosis, and
the five-year survival rate is significantly reduced, so far there is no effective treatment regimen
(4–6). In addition, insensitivity to chemotherapy and tumor recurrence are also important factors
leading to significantly reduced patient survival (7, 8). These clinical features can identify high-risk
patients and aid in treatment planning (9). However, the progression of the disease may be distinct
in patients with similar clinical features. Therefore, more factors need to be considered to facilitate
precision treatment.
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Recently, researchers have made many efforts in developing
biomarkers that can more accurately predict the prognosis of
patients and developed many biomarkers with potential, such
as non-coding RNA (NcRNA), circulating tumor cell (CTC),
and circulating tumor DNA (ctDNA) (10–12). However, these
markers have not been applied to clinical work due to reasons
such as the cost of testing, strict technical requirements for
biopsy, etc. Fortunately, studies have shown that preoperative
hematological markers such as neutrophil to lymphocyte ratio
(NLR), platelet to lymphocyte ratio (PLR) or hematology-based
scores such as Glasgow Prognostic Score (GPS), Controlling
Nutritional Status (COUNT) show great potential in predicting
the prognosis of cancer patients (13–15). Compared with
NcRNA, CTC, and ctDNA, most of these hematological markers
originate from routine examinations of patients on admission
without the need for additional testing costs. Many recent studies
have confirmed the value of these markers in predicting survival
in cancer patients, including osteosarcoma (16–18).

Studies over the past decade have shown that cancer cells can
promote their survival by reprogramming metabolic pathways,
and therefore, metabolic reprogramming is also considered to
be one of the hallmarks of cancer (19, 20). Local tumors can
even impair antitumor immunity by affecting host metabolism
through cachexia (21). However, studies on the ability of
hematologic metabolic markers to predict the prognosis of
cancer patients are contradictory and limited compared with
hematologic inflammatory markers (22).

In this study, we collected the hematological markers related
to metabolism and explored the significance of disturbances
in these markers in patients with osteosarcoma. Through
iterative least absolute contraction and selection operator
(LASSO) COX proportional hazards regression analysis we
constructed nutritional metabolism related prognostic scoring
system (NMRS) and assessed the predictive power of the scores
through multiple dimensions. In addition, we also explored
the superiority and limitations of NMRS by comparing it with
existing scoring systems and clinical features.

PATIENTS AND METHODS

Patients
We reviewed the clinical data of osteosarcoma patients who
visited the Musculoskeletal Tumor Center of West China
Hospital from January 2016 to January 2021. Patients were
screened with the following inclusion and exclusion criteria.
inclusion criteria: (1) patients with histopathologically confirmed
high-grade osteosarcoma; (2) patients with blood routine,
liver and kidney function, coagulation function tests before
neoadjuvant chemotherapy; (3) patients who completed standard
osteosarcoma treatment regimen at West China Hospital.
Exclusion criteria: (1) patients with concomitant metabolic
disease; (2) patients with concomitant hematological diseases;
(3) patients with other malignancies; (4) patients who were
previously misdiagnosed or mistreated. Finally, 223 patients
who met the inclusion criteria and passed the exclusion criteria
were included in the study. A standard follow-up principle

was developed to follow each patient, with the last follow-up
date being January 2022. The follow-up principle: reexamination
every 3 months within 1 year after surgery; reexamination every
4 months 1–2 years after surgery; reexamination every 5 months
2–3 years after surgery; reexamination every 6 months 3–5 years
after surgery; reexamination every year more than 5 years after
surgery. All patients were randomly assigned to the training set
(n = 156, 70%) vs. the validation set (n = 67, 30%).

Data Collection and Processing
The following data were extracted from each patient’s first
blood routine, liver and kidney function: Red blood cells
(RBC), Red blood cell specific volume (HCT), Hemoglobin
(HB), Lymphocyte count (LYMPH#), albumin (A), Globulin (G),
Glucose (GLU), Cholesterol (TCH), Triglycerides (TG), High
density liptein cholesterol (HDL-C), Low Density Lipoprotein
(LDL), Total bilirubin (TBIL), Indirect bilirubin (IBIL), Direct
bilirubin (DBIL). The calculation formulas of AGR and PNI are as
follows. AGR = A/G; PNI = A + 0.005 × LYMPH#. CONUT was
calculated following previous studies. Supplementary Table 1
provides the specific calculation formula. In the overall cohort,
the receiver operating curve was used to find the optimal
cutoff for continuous variables and continuous variables were
transformed into binary variables based on the cutoff.

Construction of Nutritional Metabolism
Related Prognostic Scoring System
First, univariate Cox regression analysis was used to screen for
prognostic related indicators. The LASSO regression analysis was
performed 1,000 times on the training set using the screened
hematological markers to build the model. Hematological
markers that were retained at high frequencies in the 1,000 times
LASSO regression analyses were sequentially included in the
cox model. The model when AUROC peaked was considered
the best model. NMRS risk scores were calculated for each
patient including the validation set based on markers and
coefficients in the model.

Evaluation of the Value of Nutritional
Metabolism Related Prognostic Scoring
System
First, we contrasted the differences in predictive ability between
NMRS scores and its constituent markers using ROC analysis.
Subsequently, with the “survivalROC” package, we determined
the optimal cutoff value for the NMRS score. All patients were
divided into two groups according to the cutoff value and
differences in overall survival between the two groups of patients
were assessed using Kaplan–Meier (KM) survival analysis. Given
that the effects of continuous variables on risk can be non-
linear, ignoring such non-linear effects can interfere with the
results, risk scores were analyzed using restricted cubic splines.
To further clarify the value of NMRS, we also plotted time-
dependent ROC curves to explore changes in NMRS predictive
ability over time and contrasted with clinical characteristics.
Subsequently, through multivariate cox regression analysis, we
explored whether NMRS was an independent prognostic factor
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for overall survival in patients with osteosarcoma. Finally, to
explore the stability of the predictive power of NMRS scores, we
set up subgroups based on clinical characteristics and explored
the predictive power of NMRS in each subgroup.

Construction and Evaluation of the
Nomogram
To facilitate the clinical application of NMRS, we combined
NMRS with clinical features to construct a NMRS-based
nomogram. The discrimination ability and accuracy of
nomograms were assessed by C-index and calibration curve,
respectively. To clarify whether the predictive power of
nomogram prediction is stable, we predicted the overall survival
of patients in the validation set using nomograms and assessed it
using the C-index and the calibration curve. Finally, whether the
application of nomograms can bring about clinical net benefit
and net reduction was evaluated by decision curve analysis.

Relationship Between Nutritional
Metabolism Related Prognostic Scoring
System and Clinical Characteristics
We analyzed differences in NMRS scores across clinical
characteristics to assess the relationship between NMRS and
clinical characteristics. In addition, we simply combined NMRS
with important clinical characteristics [tumor metastasis status,
pathological fracture status, Body Mass Index (BMI)] to divide
patients into multiple groups, and plotted KM survival curves
to assess the difference in survival between different groups
of patients to explore whether NMRS can further distinguish
patients with the same clinical characteristics.

Statistical Analysis
Descriptive statistics were used to assess any differences between
datasets using the t-test or Mann–Whitney U test for continuous
variables and the chi-square test or Kruskal–Wallis test for
categorical variables. All statistical analyses were conducted using
R software, version 4.1.0 (Institute for Statistics and Mathematics,
Vienna, Austria). P values < 0.05 were considered to indicate
statistical significance.

RESULTS

Patient Characteristics
The study included 131 male and 92 female with a total of 223
patients. Median follow-up of patients was 3.4 ± 0.4 years. As
shown in Table 1, variables did not differ significantly between
the training set and the validation set. The mean age of the
patients in the training and validation sets were 21.3 and 22.5,
respectively. Metastasis occurred in 17.9% (23) of patients in
the training set and 16.4% (11) in the validation set. Only a
very small proportion of patients had tumors located in non-
extremity sites (7 patients in training set; 2 patients in validation
set). Seventeen patients in the training set and 8 patients in
the validation set were presenting for pathological fractures.
In addition, Table 1 shows the markers and their coefficients

TABLE 1 | Differences in the distribution of all variables between the training set
and the validation set and the respective coefficients of the 9 hematological
markers that make up the NMRS.

Train (N = 156) Test (N = 67) P-value Coefficient

OS time Not
applicable

Mean (SD) 1,030 (545) 975 (576) 0.524

OS Not
applicable

Alive 105 (67.3%) 42 (62.7%) 0.608

Died 51 (32.7%) 25 (37.3%)

Gender Not
applicable

Male 93 (59.6%) 38 (56.7%) 0.799

Female 63 (40.4%) 29 (43.3%)

Age Not
applicable

Mean (SD) 21.3 (12.3) 22.5 (12.4) 0.483

Metastasis
status

Not
applicable

No 128 (82.1%) 56 (83.6%) 0.933

Yes 28 (17.9%) 11 (16.4%)

Tumor site Not
applicable

Extremities 149 (95.5%) 65 (97.0%) 0.88

Non-
extremities

7 (4.5%) 2 (3.0%)

Pathological
fracture

Not
applicable

No 139 (89.1%) 59 (88.1%) 1

Yes 17 (10.9%) 8 (11.9%)

PNI Excluded

High 98 (62.8%) 44 (65.7%) 0.799

Low 58 (37.2%) 23 (34.3%)

AGR −0.497

High 71 (45.5%) 33 (49.3%) 0.714

Low 85 (54.5%) 34 (50.7%)

CONUT 0.354

High 57 (36.5%) 25 (37.3%) 1

Low 99 (63.5%) 42 (62.7%)

RBC Excluded

High 125 (80.1%) 53 (79.1%) 1

Low 31 (19.9%) 14 (20.9%)

HB Excluded

High 101 (64.7%) 47 (70.1%) 0.53

Low 55 (35.3%) 20 (29.9%)

HCT Excluded

High 106 (67.9%) 48 (71.6%) 0.697

Low 50 (32.1%) 19 (28.4%)

Total
bilirubin

Excluded

High 15 (9.6%) 13 (19.4%) 0.0716

Low 141 (90.4%) 54 (80.6%)

Direct
bilirubin

Excluded

High 94 (60.3%) 48 (71.6%) 0.142

Low 62 (39.7%) 19 (28.4%)

(Continued)

Frontiers in Nutrition | www.frontiersin.org 3 April 2022 | Volume 9 | Article 883308

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/journals/nutrition#articles


fnut-09-883308 April 25, 2022 Time: 14:35 # 4

Li et al. NMRS for Osteosarcoma

TABLE 1 | (Continued)

Train (N = 156) Test (N = 67) P-value Coefficient

Indirect bilirubin Excluded

High 73 (46.8%) 41 (61.2%) 0.0679

Low 83 (53.2%) 26 (38.8%)

Albumin −0.286

High 117 (75.0%) 51 (76.1%) 0.993

Low 39 (25.0%) 16 (23.9%)

Globulin 0.417

High 92 (59.0%) 38 (56.7%) 0.869

Low 64 (41.0%) 29 (43.3%)

Glucose 0.562

High 39 (25.0%) 24 (35.8%) 0.138

Low 117 (75.0%) 43 (64.2%)

Triglycerides 0.596

High 43 (27.6%) 20 (29.9%) 0.853

Low 113 (72.4%) 47 (70.1%)

Cholesterol −1.127

High 99 (63.5%) 42 (62.7%) 1

Low 57 (36.5%) 25 (37.3%)

HDL −0.188

High 96 (61.5%) 40 (59.7%) 0.914

Low 60 (38.5%) 27 (40.3%)

LDL 0.901

High 82 (52.6%) 36 (53.7%) 0.989

Low 74 (47.4%) 31 (46.3%)

that make up the NMRS. Supplementary Table 2 provides the
optimal cutoff values for each marker.

Construction of Nutritional Metabolism
Related Prognostic Scoring System
As described in the “Patients and Methods” section, based on
the overall cohort, by univariate cox regression analysis, we
identified 10 markers with prognostic value and used them for
further analysis (Figure 1A). Subsequently, LASSO regression
analysis was performed 1,000 times in the training cohort using
prognostic markers to determine 9 hematological markers with
high frequency retained and constructed NMRS (Figures 1B,C).
The coefficients for each marker in the NMRS are shown in
Table 1, and the NMRS was calculated for each patient based on
these coefficients.

Evaluation of Prognostic Value of
Nutritional Metabolism Related
Prognostic Scoring System
First, by ROC analysis, we contrasted NMRS with every
hematological marker to explore whether there was an advantage
in NMRS. As shown by Figures 1C,D, NMRS has the largest area
under the curve (AUC) in both training and validation sets and
is significantly higher than other markers (training set: 0.811 vs
0.362–2.638; validation set: 0.767 vs 0.333–0.595). The optimal
cutoff value of NMRS was 0.132, and patients were divided into
two groups based on the cutoff value, and the overall survival of

low-risk patients was significantly longer than that of high-risk
patients in both the training and validation sets (Figures 2A,B,
p< 0.001). Finally, results from restricted cubic splines show that
the effect of NMRS on prognosis is linear (Figure 2C, p = 0.376).

We further assessed whether the prognostic value of NMRS
would be influenced by clinical characteristics. As shown in
Figures 2D–G, multivariate cox regression analysis revealed
that only NMRS score and metastatic status were independent
prognostic factors in both training and validation sets [NMRS:
HR: 1.957 (1.375–2.786) training set; HR: 3.146 (1.574–6.266)
validation set]. As shown in Figures 3A,B, the time-dependent
ROC curve showed that the predictive ability of NMRS did not
decrease with time.

We also assessed the stability of the predictive ability of NMRS
by the subgroup analysis. It can be seen that the predictive ability
of NMRS has good stability, has prognostic value in most of
subgroup, and is limited only in three group of patients with small
sample size (Figure 3C).

Construction and Validation of
Nutritional Metabolism Related
Prognostic Scoring System-Based
Nomograms
To improve the accuracy of the prediction of overall survival
in osteosarcoma, we constructed a nomogram combining
NMRS with clinical features in the training set. As shown in
Figure 4A, NMRS and tumor metastasis status were the two
most important components in the nomogram. NMRS has the
largest scoring interval, ranging from 0 to 100. The C-index of
the nomogram was 0.80, suggesting that the nomogram has a
good discriminative ability. The results of the calibration curve
show that the nomogram also has good accuracy (Figure 4B).
The nomogram also has a good performance in the validation set
with a C-index of 0.80, suggesting that the predictive ability of the
nomogram is stable (Figure 4C). The results of decision curve
analysis showed that the introduction of NMRS on the basis of
clinical characteristics can bring about clinical net benefit vs. net
reduction (Figures 4D,E).

Association Between Nutritional
Metabolism Related Prognostic Scoring
System and Clinical Features
We also explored whether there were differences in NMRS scores
between different clinical subgroups. As shown in Figure 5, the
NMRS scores were lower in the non-metastaticgroup, and there
was no significant difference in the NMRS scores among the
remaining subgroups. Finally, the results of two-factor survival
analysis showed that NMRS can be further risk-stratified from
patients with the same clinical characteristics (Figure 6). Based
on NMRS and tumor metastasis status, patients were divided into
four groups, and the overall survival of patients with high NMRS
risk was significantly higher than that of patients with low NMRS
risk in the non-metastatic group (p < 0.0001), even close to that
of patients with low NMRS risk in tumor metastasis (p > 0.05).
Even among patients in the tumor metastasis group, there were
differences in the overall survival of patients with different NMRS
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FIGURE 1 | The construction process of NMRS and the comparison between NMRS and individual hematological markers in terms of predictive ability. (A) Forest
plot presented the results of univariate cox regression analysis of 16 hematological markers in the overall cohort. Where the smaller the p value, the closer the color
of the diamond of the marker is to white; (B,C) With the continuous inclusion of the marker with high frequency retained in LASSO regression analysis into the
model, the AUC value of the model continues to rise. When the 9th marker is included in the model, the AUC value of the model reaches the highest value, and this
model is NMRS; (D) ROC curves of the predictive ability of NMRS and individual hematological markers in the training set; (E) ROC curves of the predictive ability of
NMRS and individual hematological markers in the validation set.

FIGURE 2 | NMRS has independent prognostic value in both the training and validation sets. (A) KM survival curves showing overall patient survival in the training
set; (B) KM survival curves showing overall patient survival in the training set; (C) The overall cohort patient NMRS score and overall survival risk, restricted cubic
splines indicated that the effect of NMRS as a continuous variable on overall survival risk was linear; (D) Results of univariate cox regression analysis of NMRS and
clinical characteristics in the training set; (E) Results of multivariate cox regression analysis of NMRS and clinical characteristics in the training set; (F) Results of
univariate cox regression analysis of NMRS and clinical characteristics in the validation set; (G) Results of multivariate cox regression analysis of NMRS and clinical
characteristics in the validation set.
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FIGURE 3 | Comparison of NMRS with clinical features and stability of NMRS prediction ability. (A,B) Time-dependent ROC curves for NMRS vs. clinical
characteristics in terms of predictive ability (training set and validation set); (C) Forest plots showing the predictive power of NMRS in various subgroups.

risks (p = 0.0471). When patients were divided into four groups
according to pathological fracture status and NMRS risk, overall
survival was significantly lower in patients with high NMRS risk
among patients with non-pathological fractures (p < 0.0001).

Prognostic Value of Individual
Hematological Markers
Finally, we assessed the prognostic value of the 9 hematological
markers that constitute NMRS in osteosarcoma. As shown in
Figure 7A, the results of univariate cox regression analysis
showed that AGR, TCH, COUNT, TG and LDL had significant
prognostic value in the training set. However, only the prognostic
value of AGR remained statistically significant in the validation
set (Figure 7B). We further explored whether AGR is an
independent prognostic factor in osteosarcoma patients in the
validation set. Unfortunately, the results of multivariate cox

regression analysis indicated that AGR was not an independent
prognostic factor in osteosarcoma patients (Figures 7C,D).

DISCUSSION

Although limb salvage surgery for osteosarcoma has been
continuously improved in recent years, and most patients can
obtain satisfactory limb function after surgery, it is still a difficult
task for osteosarcoma patients to achieve survival (1, 24, 25).
Early identification of high-risk patients and development of
personalized treatment options are expected to improve the
prognosis of patients (26). Unfortunately, in osteosarcoma,
no new prognostic marker has been truly applied to clinical
work except for clinical features such as metastatic status and
tumor necrosis rate (9). Although recent studies have shown
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the potential of NcRNA, CTC with ctDNA as a tool for early
detection, postoperative monitoring of cancer patients (23, 27–
29). However, because the concentration of CTC and ctDNA
collected from patients is usually very low. In addition, standard
methods for isolation, enrichment, or detection of NcRNA, CTC,
and ctDNA are lacking (30, 31). Therefore, there is still a certain
distance between NcRNA, CTC and ctDNA for real clinical
application. In contrast, because most of the hematological
markers are derived from routine examinations such as blood
routine and liver and kidney function, no additional testing costs
are required. Moreover, the value of hematological markers in
predicting the prognosis of cancer patients has been generally
accepted, for example, NLR has been written into the 2020
European Association of Urology Guidelines on Upper Urinary
Tract Urothelial Carcinoma (32). However, the prognostic
value of indicators such as TG, HDL and LDL in cancer
patients has not been determined. Therefore, we extensively
collected some hematological markers that may reflect nutritional
status and metabolic reprogramming in cancer patients and
constructed NMRS. As expected, NMRS demonstrated greater
stability and predictive power. With the exception of NMRS,
none of the hematological markers had independent prognostic
ability in both the training and validation sets. In addition,
NMRS has better discrimination ability than clinical features
such as tumor metastasis status, especially in identifying low-
risk patients.

The lipid metabolism plays an important role in cancer
metabolic reprogramming. Cancer cells, as well as other cell
types in the tumor microenvironment, utilize various methods
to obtain lipids and extensively rewrite their metabolism (33).
Studies have shown that cancer stem cells maintain their stem
cell characteristics through lipid metabolism (34). In addition,
alterations in lipid metabolism can impair antitumor immunity
and promote iron death escape (35, 36). Several large-scale
lipidomics studies have provided compelling evidence for the
potential of lipids as prognostic biomarkers for cancer (33,
37, 38). In this study, lipid metabolic markers were the most
important cornerstone of NMRS, with TCH, TG, HDL, and LDL
coefficients of −1.127, 0.596, −0.188, and 0.901, respectively,
which indicated that higher TCH and HDL was associated with
better prognosis, while triglyceride and LDL were the opposite.

Serum albumin and globulin reflect the nutritional and
inflammatory status of individuals and have shown potential
prognostic value in a variety of tumors (39–41). On the one
hand, albumin reflects the nutritional status of individuals, and
in general, patients with poor nutritional status have a higher
risk of postoperative complications, which may greatly shorten
the survival time of cancer patients (42). On the other hand,
decreased serum albumin may be due to increased capillary
permeability caused by cancer-related inflammation resulting in
albumin escape into the interstitium and absorption by cancer
cells, decomposition and utilization (43, 44). In addition, globulin
is considered a pro-inflammatory protein and has been shown
to be associated with poor prognosis in cancer patients (45). In
this study, the coefficients of albumin, globulin and AGR were
−0.286, 0.417 and −0.497, respectively, confirming the previous
conclusions (46–48).

FIGURE 4 | NMRS-based nomograms have good predictive ability and
predictive stability. (A) NMRS-based nomogram, in which NMRS with tumor
metastasis status is the two most important factors; (B,C) Calibration curve of
NMRS nomogram for predicting 3-year vs. 5-year overall survival in patients
with osteosarcoma (training set and validation set); (D) Decision curve analysis
of the NMRS nomogram, which only complements BMI to clinical features
yielded little clinical net benefit (clincalN). When NMRS is introduced into
clinical features it yields definite clinical net benefit (Combined); (E) The
introduction of BMI into clinical features produced little clinical net reduction,
whereas the introduction of NMRS brought clinical net reduction with certainty.

Although the mechanisms by which high glucose promotes
cancer aggressiveness vary by cancer type, it is generally accepted
that high glucose is associated with poor prognosis in cancer
patients. Studies have shown that abnormal elevated glucose that
does not reach the diagnostic level of diabetes is also associated
with poor prognosis in cancer patients (49). A high glucose
environment leads to the up-regulation of aerobic glycolysis
(Warburg effect) -related pathways in cancer cells. In addition,
glucose can also activate a variety of signaling pathways involved
in cell proliferation, metastatic capacity, and chemoresistance,
including ERK, STAT3, and NF-κB (50, 51). The coefficient for
glucose in this study was 0.562, indicating that elevated glucose
is associated with poor prognosis in osteosarcoma patients.
Notably, to our knowledge, the prognostic value of glucose
in osteosarcoma patients has not been previously investigated.
Finally, CONUT consists of lymphocytes and albumin together
with cholesterol, so it is not difficult to understand that CONUT
is associated with the prognosis of cancer patients. The coefficient
of CONUT in NMRS was 0.354, which is consistent with previous
findings (52).
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FIGURE 5 | NMRS was only associated with metastatic status. (A) Violin plots showing differences in the distribution of NMRS among patients with different
metastatic status; (B) Violin plots showing differences in the distribution of NMRS among patients with different pathological fracture state; (C) Violin plots showing
differences in the distribution of NMRS among patients with different tumor location; (D) Violin plots showing differences in the distribution of NMRS among patients
with different gender; (E) Violin plots showing differences in the distribution of NMRS among patients with different BMI.

FIGURE 6 | NMRS can further identify patients with different risks on the basis of clinical characteristics. (A) Two-factor KM survival curves considering the risk of
NMRS and the status of tumor metastasis; (B) Two-factor KM survival curves considering the risk of NMRS and the status of pathological fracture.

As shown by Figure 1, the results of our ROC analysis showed
that there was no significant difference in the prognostic value
of individual hematological markers between the training and
validation sets. The AUC values of NMRS were higher than all the
individual hematological markers. In addition, NMRS combines
all of the above indicators and assigns coefficients to each
indicator, which comprehensively reflects these indicators and
better and more stably represents the nutritional and metabolic

status of patients. In fact, we also performed further analysis of
individual hematological marker. Our results showed that only
AGR had some prognostic value in both the training set and the
validation set. In multivariate cox regression analysis combined
with clinical characteristics, none of the individual hematological
parameters were independent prognostic factors for overall
survival of osteosarcoma patients in both the training and
validation sets. These results further demonstrate the superiority
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FIGURE 7 | Prognostic value of individual hematological markers and AGR in the training and validation sets. (A) Univariate cox regression analysis results of a single
hematological marker in the training set; (B) Univariate cox regression analysis results of a single hematological marker in the validation set; (C) Univariate cox
regression analysis of AGR in the validation set; (D) Multivariate cox regression analysis of AGR in the validation set.

of NMRS. We believe that NMRS with higher and more stable
predictive ability is more likely to be applied and promoted in
clinical practice.

However, it must be acknowledged that our study has certain
limitations. Despite the training and validation sets of our study
setup, all patients were from one clinical institution and the
study was retrospective and not blinded, so there may have
been a selection bias. At the same time, there were only two
osteosarcoma patients over 60 years of age in the included
population, so the use of NMRS in the elderly requires caution.
Moreover, some patients may have problems with insufficient
follow-up time. In addition, although the predictive ability of
NMRS is higher than that of individual hematological markers,
the computational method of NMRS is more complex. Finally,

the metabolic nutrition-related indicators included in the study
were derived from blood routine and liver function only. Some
important indicators that reflect the patient’s nutritional status,
such as nutrients or dietary intake, are neglected. Therefore, well-
designed prospective randomized controlled studies are needed
to validate our conclusions. Finally, we believe that further studies
are needed to explore the relationship between NMRS and dietary
intake in patients.

CONCLUSION

Our study show the prognostic value of NMRS in osteosarcoma.
Compared with individual hematological markers, NMRS
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has predictive ability and predictive stability. NMRS-based
nomogram also have good predictive accuracy.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of West China Hospital of
Sichuan University. Written informed consent to participate
in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

LL, YZ, and CT designed the study. LL, ZL, XH, YW, JL, and
QC jointly collected and managed the data. LL and TG drafted

the manuscript. ML, YL, and LM reviewed and corrected the
manuscript. YZ and CT oversaw the entire research process. All
authors contributed to the article and approved the submitted
version.

FUNDING

ML, LM, YZ, and CT were received funding from the
Science and Technology Research Program of Sichuan Province
(2020YFS0036), 1·3·5 project for disciplines of excellence,
West China Hospital, Sichuan University (ZYJC18036), the
Fundamental Research Funds for the Central Universities
(20826041E4071), Post-Doctor Research Project, West China
Hospital, Sichuan University (20HXBH136), and Project funded
by China Postdoctoral Science Foundation (2021M702342).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.
883308/full#supplementary-material

REFERENCES
1. Isakoff MS, Bielack SS, Meltzer P, Gorlick R. Osteosarcoma: current treatment

and a collaborative pathway to success. J Clin Oncol. (2015) 33:3029–35. doi:
10.1200/jco.2014.59.4895

2. Valery PC, Laversanne M, Bray F. Bone cancer incidence by morphological
subtype: a global assessment. Cancer Causes Control. (2015) 26:1127–39. doi:
10.1007/s10552-015-0607-3

3. Mirabello L, Troisi RJ, Savage SA. Osteosarcoma incidence and survival rates
from 1973 to 2004: data from the surveillance, epidemiology, and end results
program. Cancer. (2009) 115:1531–43. doi: 10.1002/cncr.24121

4. Kempf-Bielack B, Bielack SS, Jürgens H, Branscheid D, Berdel WE, Exner GU,
et al. Osteosarcoma relapse after combined modality therapy: an analysis of
unselected patients in the cooperative osteosarcoma study group (COSS). J
Clin Oncol. (2005) 23:559–68. doi: 10.1200/JCO.2005.04.063

5. Aljubran AH, Griffin A, Pintilie M, Blackstein M. Osteosarcoma in adolescents
and adults: survival analysis with and without lung metastases. Ann Oncol.
(2009) 20:1136–41. doi: 10.1093/annonc/mdn731

6. Gorlick R, Janeway K, Lessnick S, Randall RL, Marina N. Children’s oncology
group’s 2013 blueprint for research: bone tumors. Pediatr Blood Cancer. (2013)
60:1009–15. doi: 10.1002/pbc.24429

7. Saraf AJ, Fenger JM, Roberts RD. Osteosarcoma: accelerating progress makes
for a hopeful future. Front Oncol. (2018) 8:4. doi: 10.3389/fonc.2018.00004

8. Meyers PA, Schwartz CL, Krailo M, Kleinerman ES, Betcher D, Bernstein
ML, et al. Osteosarcoma: a randomized, prospective trial of the addition of
ifosfamide and/or muramyl tripeptide to cisplatin, doxorubicin, and high-
dose methotrexate. J Clin Oncol. (2005) 23:2004–11. doi: 10.1200/JCO.2005.
06.031

9. Whelan JS, Davis LE. Osteosarcoma, chondrosarcoma, and chordoma. J Clin
Oncol. (2018) 36:188–93. doi: 10.1200/jco.2017.75.1743

10. Ji X, Shan L, Shen P, He M. Circular RNA circ_001621 promotes osteosarcoma
cells proliferation and migration by sponging miR-578 and regulating VEGF
expression. Cell Death Dis. (2020) 11:18. doi: 10.1038/s41419-019-2204-y

11. Mastoraki S, Strati A, Tzanikou E, Chimonidou M, Politaki E, Voutsina A,
et al. ESR1 methylation: a liquid biopsy-based epigenetic assay for the follow-
up of patients with metastatic breast cancer receiving endocrine treatment.
Clin Cancer Res. (2018) 24:1500–10. doi: 10.1158/1078-0432.CCR-17-1181

12. Hong X, Sullivan RJ, Kalinich M, Kwan TT, Giobbie-Hurder A, Pan S,
et al. Molecular signatures of circulating melanoma cells for monitoring early

response to immune checkpoint therapy. Proc Natl Acad Sci USA. (2018)
115:2467–72. doi: 10.1073/pnas.1719264115

13. Li LQ, Bai ZH, Zhang LH, Zhang Y, Lu XC, Zhang Y, et al. Meta-analysis
of hematological biomarkers as reliable indicators of soft tissue sarcoma
prognosis. Front Oncol. (2020) 10:30. doi: 10.3389/fonc.2020.00030

14. Zhang L, Li L, Liu J, Wang J, Fan Y, Dong B, et al. Meta-analysis of
multiple hematological biomarkers as prognostic predictors of survival in
bladder cancer. Medicine. (2020) 99:e20920. doi: 10.1097/md.00000000000
20920

15. Liang Y, Hou T, Que Y, Zhao B, Xiao W, Zhang X, et al. Elevated
controlling nutritional status (conut) score is associated with poor long-
term survival in patients with low-grade soft-tissue sarcomas treated with
surgical resection. Clin Orthop Relat Res. (2019) 477:2287–95. doi: 10.1097/
corr.0000000000000767

16. Suazo-Zepeda E, Bokern M, Vinke PC, Hiltermann TJN, de Bock GH,
Sidorenkov G. Risk factors for adverse events induced by immune checkpoint
inhibitors in patients with non-small-cell lung cancer: a systematic review and
meta-analysis.Cancer Immunol Immunother. (2021) 70:3069–80. doi: 10.1007/
s00262-021-02996-3

17. Cupp MA, Cariolou M, Tzoulaki I, Aune D, Evangelou E, Berlanga-Taylor AJ.
Neutrophil to lymphocyte ratio and cancer prognosis: an umbrella review of
systematic reviews and meta-analyses of observational studies. BMCMedicine.
(2020) 18:360. doi: 10.1186/s12916-020-01817-1

18. Li YJ, Yao K, Lu MX, Zhang WB, Xiao C, Tu CQ. Prognostic value of the
C-reactive protein to albumin ratio: a novel inflammation-based prognostic
indicator in osteosarcoma. Onco Targets Ther. (2017) 10:5255–61. doi: 10.
2147/OTT.S140560

19. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell.
(2011) 144:646–74. doi: 10.1016/j.cell.2011.02.013

20. Cairns RA, Harris IS, Mak TW. Regulation of cancer cell metabolism. Nat Rev
Cancer. (2011) 11:85–95. doi: 10.1038/nrc2981

21. Flint TR, Janowitz T, Connell CM, Roberts EW, Denton AE, Coll AP,
et al. Tumor-induced IL-6 reprograms host metabolism to suppress anti-
tumor immunity. Cell Metab. (2016) 24:672–84. doi: 10.1016/j.cmet.2016.
10.010

22. Hao B, Bi B, Sang C, Yu M, Di D, Luo G, et al. Systematic review and meta-
analysis of the prognostic value of serum high-density lipoprotein cholesterol
levels for solid tumors.Nutr Cancer. (2019) 71:547–56. doi: 10.1080/01635581.
2019.1577983

Frontiers in Nutrition | www.frontiersin.org 10 April 2022 | Volume 9 | Article 883308

https://www.frontiersin.org/articles/10.3389/fnut.2022.883308/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2022.883308/full#supplementary-material
https://doi.org/10.1200/jco.2014.59.4895
https://doi.org/10.1200/jco.2014.59.4895
https://doi.org/10.1007/s10552-015-0607-3
https://doi.org/10.1007/s10552-015-0607-3
https://doi.org/10.1002/cncr.24121
https://doi.org/10.1200/JCO.2005.04.063
https://doi.org/10.1093/annonc/mdn731
https://doi.org/10.1002/pbc.24429
https://doi.org/10.3389/fonc.2018.00004
https://doi.org/10.1200/JCO.2005.06.031
https://doi.org/10.1200/JCO.2005.06.031
https://doi.org/10.1200/jco.2017.75.1743
https://doi.org/10.1038/s41419-019-2204-y
https://doi.org/10.1158/1078-0432.CCR-17-1181
https://doi.org/10.1073/pnas.1719264115
https://doi.org/10.3389/fonc.2020.00030
https://doi.org/10.1097/md.0000000000020920
https://doi.org/10.1097/md.0000000000020920
https://doi.org/10.1097/corr.0000000000000767
https://doi.org/10.1097/corr.0000000000000767
https://doi.org/10.1007/s00262-021-02996-3
https://doi.org/10.1007/s00262-021-02996-3
https://doi.org/10.1186/s12916-020-01817-1
https://doi.org/10.2147/OTT.S140560
https://doi.org/10.2147/OTT.S140560
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1038/nrc2981
https://doi.org/10.1016/j.cmet.2016.10.010
https://doi.org/10.1016/j.cmet.2016.10.010
https://doi.org/10.1080/01635581.2019.1577983
https://doi.org/10.1080/01635581.2019.1577983
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/journals/nutrition#articles


fnut-09-883308 April 25, 2022 Time: 14:35 # 11

Li et al. NMRS for Osteosarcoma

23. Zhou Q, Geng Q, Wang L, Huang J, Liao M, Li Y, et al. Value of folate receptor-
positive circulating tumour cells in the clinical management of indeterminate
lung nodules: a non-invasive biomarker for predicting malignancy and
tumour invasiveness. EBioMedicine. (2019) 41:236–43. doi: 10.1016/j.ebiom.
2019.02.028

24. Kager L, Tamamyan G, Bielack S. Novel insights and therapeutic interventions
for pediatric osteosarcoma. Future Oncol. (2017) 13:357–68. doi: 10.2217/fon-
2016-0261

25. Strauss SJ, Whelan JS. Current questions in bone sarcomas. Curr Opin Oncol.
(2018) 30:252–9. doi: 10.1097/CCO.0000000000000456

26. Forrest SJ, Geoerger B, Janeway KA. Precision medicine in pediatric oncology.
Curr Opin Pediatr. (2018) 30:17–24.

27. Xia L, Mei J, Kang R, Deng S, Chen Y, Yang Y, et al. Perioperative ctDNA-
based molecular residual disease detection for non-small cell lung cancer: a
prospective multicenter cohort study (LUNGCA-1). Clin Cancer Res. (2021).
doi: 10.1158/1078-0432.Ccr-21-3044

28. Pierga JY, Hajage D, Bachelot T, Delaloge S, Brain E, Campone M, et al.
High independent prognostic and predictive value of circulating tumor cells
compared with serum tumor markers in a large prospective trial in first-
line chemotherapy for metastatic breast cancer patients. Ann Oncol. (2012)
23:618–24. doi: 10.1093/annonc/mdr263

29. Pop-Bica C, Pintea S, Magdo L, Cojocneanu R, Gulei D, Ferracin M, et al. The
clinical utility of miR-21 and let-7 in non-small cell lung cancer (NSCLC).
A systematic review and meta-analysis. Front Oncol. (2020) 10:516850. doi:
10.3389/fonc.2020.516850

30. Zhou H, Zhu L, Song J, Wang G, Li P, Li W, et al. Liquid biopsy at the frontier
of detection, prognosis and progression monitoring in colorectal cancer. Mol
Cancer. (2022) 21:86. doi: 10.1186/s12943-022-01556-2

31. Drula R, Ott LF, Berindan-Neagoe I, Pantel K, Calin GA. MicroRNAs from
liquid biopsy derived extracellular vesicles: recent advances in detection
and characterization methods. Cancers. (2020) 12:2009. doi: 10.3390/
cancers12082009

32. Rouprêt M, Babjuk M, Burger M, Capoun O, Cohen D, Compérat EM, et al.
European association of urology guidelines on upper urinary tract Urothelial
carcinoma: 2020 update. Eur Urol. (2021) 79:62–79. doi: 10.1016/j.eururo.
2020.05.042

33. Butler LM, Perone Y, Dehairs J, Lupien LE, de Laat V, Talebi A, et al.
Lipids and cancer: emerging roles in pathogenesis, diagnosis and therapeutic
intervention. Adv Drug Deliv Rev. (2020) 159:245–93. doi: 10.1016/j.addr.
2020.07.013

34. Visweswaran M, Arfuso F, Warrier S, Dharmarajan A. Aberrant lipid
metabolism as an emerging therapeutic strategy to target cancer stem cells.
Stem Cells (Dayton, Ohio). (2020) 38:6–14. doi: 10.1002/stem.3101

35. Ma X, Bi E, Lu Y, Su P, Huang C, Liu L, et al. Cholesterol induces CD8(+)
T Cell exhaustion in the tumor microenvironment. Cell Metab. (2019) 30:
143–56.e145. doi: 10.1016/j.cmet.2019.04.002

36. Garcia-Bermudez J, Baudrier L, Bayraktar EC, Shen Y, La K, Guarecuco R,
et al. Squalene accumulation in cholesterol auxotrophic lymphomas prevents
oxidative cell death. Nature. (2019) 567:118–22. doi: 10.1038/s41586-019-
0945-5

37. Ferro M, Terracciano D, Buonerba C, Lucarelli G, Bottero D, Perdonà S, et al.
The emerging role of obesity, diet and lipid metabolism in prostate cancer.
Future Oncol. (2017) 13:285–93. doi: 10.2217/fon-2016-0217

38. Patel N, Vogel R, Chandra-Kuntal K, Glasgow W, Kelavkar U. A novel three
serum phospholipid panel differentiates normal individuals from those with
prostate cancer. PLoS One. (2014) 9:e88841. doi: 10.1371/journal.pone.00
88841

39. Wu N, Chen G, Hu H, Pang L, Chen Z. Low pretherapeutic serum
albumin as a risk factor for poor outcome in esophageal squamous cell
carcinomas. Nutr Cancer. (2015) 67:481–5. doi: 10.1080/01635581.2015.100
4726

40. Artigas A, Wernerman J, Arroyo V, Vincent JL, Levy M. Role of albumin in
diseases associated with severe systemic inflammation: pathophysiologic and
clinical evidence in sepsis and in decompensated cirrhosis. J Crit Care. (2016)
33:62–70. doi: 10.1016/j.jcrc.2015.12.019

41. Xie HL, Zhang Q, Ruan GT, Ge YZ, Hu CL, Song MM, et al. Evaluation
and validation of the prognostic value of serum albumin to globulin ratio in
patients with cancer cachexia: results from a large multicenter collaboration.
Front Oncol. (2021) 11:707705. doi: 10.3389/fonc.2021.707705

42. Watanabe M, Kinoshita T, Tokunaga M, Kaito A, Sugita S. Complications and
their correlation with prognosis in patients undergoing total gastrectomy with
splenectomy for treatment of proximal advanced gastric cancer. Eur J Surg
Oncol. (2018) 44:1181–5. doi: 10.1016/j.ejso.2018.03.013

43. Soeters PB, Wolfe RR, Shenkin A. Hypoalbuminemia: pathogenesis and
clinical significance. JPEN J Parenter Enteral Nutr. (2019) 43:181–93. doi:
10.1002/jpen.1451

44. Kamphorst JJ, Nofal M, Commisso C, Hackett SR, Lu W, Grabocka E, et al.
Human pancreatic cancer tumors are nutrient poor and tumor cells actively
scavenge extracellular protein. Cancer Res. (2015) 75:544–53. doi: 10.1158/
0008-5472.CAN-14-2211

45. Roxburgh CS, McMillan DC. Role of systemic inflammatory response in
predicting survival in patients with primary operable cancer. Future Oncol.
(2010) 6:149–63. doi: 10.2217/fon.09.136

46. Zhang L, Chen L, Xu AA. Simple model established by blood markers
predicting overall survival after radical resection of pancreatic ductal
adenocarcinoma. Front Oncol. (2020) 10:583. doi: 10.3389/fonc.2020.00583

47. Wei C, Yu Z, Wang G, Zhou Y, Tian L. Low pretreatment albumin-to-globulin
ratio predicts poor prognosis in gastric cancer: insight from a meta-analysis.
Front Oncol. (2020) 10:623046. doi: 10.3389/fonc.2020.623046

48. Yuk H, Ku J. Role of systemic inflammatory response markers in Urothelial
Carcinoma. Front Oncol. (2020) 10:1473. doi: 10.3389/fonc.2020.01473

49. Ramteke P, Deb A, Shepal V, Bhat MK. Hyperglycemia associated metabolic
and molecular alterations in cancer risk, progression, treatment, and mortality.
Cancers. (2019) 11:1402. doi: 10.3390/cancers11091402

50. Ryu TY, Park J, Scherer PE. Hyperglycemia as a risk factor for cancer
progression. Diabetes Metab J. (2014) 38:330–6. doi: 10.4093/dmj.2014.38.5.
330

51. Duan W, Shen X, Lei J, Xu Q, Yu Y, Li R, et al. Hyperglycemia, a neglected
factor during cancer progression. BioMed Res Int. (2014) 2014:461917. doi:
10.1155/2014/461917

52. Dalmiglio C, Brilli L, Campanile M, Ciuoli C, Cartocci A, Castagna MG.
CONUT score: a new tool for predicting prognosis in patients with advanced
thyroid cancer treated with TKI. Cancers. (2022) 14:724. doi: 10.3390/
cancers14030724

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Li, Li, He, Wang, Lu, Gong, Chang, Lin, Luo, Min, Zhou and Tu.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Nutrition | www.frontiersin.org 11 April 2022 | Volume 9 | Article 883308

https://doi.org/10.1016/j.ebiom.2019.02.028
https://doi.org/10.1016/j.ebiom.2019.02.028
https://doi.org/10.2217/fon-2016-0261
https://doi.org/10.2217/fon-2016-0261
https://doi.org/10.1097/CCO.0000000000000456
https://doi.org/10.1158/1078-0432.Ccr-21-3044
https://doi.org/10.1093/annonc/mdr263
https://doi.org/10.3389/fonc.2020.516850
https://doi.org/10.3389/fonc.2020.516850
https://doi.org/10.1186/s12943-022-01556-2
https://doi.org/10.3390/cancers12082009
https://doi.org/10.3390/cancers12082009
https://doi.org/10.1016/j.eururo.2020.05.042
https://doi.org/10.1016/j.eururo.2020.05.042
https://doi.org/10.1016/j.addr.2020.07.013
https://doi.org/10.1016/j.addr.2020.07.013
https://doi.org/10.1002/stem.3101
https://doi.org/10.1016/j.cmet.2019.04.002
https://doi.org/10.1038/s41586-019-0945-5
https://doi.org/10.1038/s41586-019-0945-5
https://doi.org/10.2217/fon-2016-0217
https://doi.org/10.1371/journal.pone.0088841
https://doi.org/10.1371/journal.pone.0088841
https://doi.org/10.1080/01635581.2015.1004726
https://doi.org/10.1080/01635581.2015.1004726
https://doi.org/10.1016/j.jcrc.2015.12.019
https://doi.org/10.3389/fonc.2021.707705
https://doi.org/10.1016/j.ejso.2018.03.013
https://doi.org/10.1002/jpen.1451
https://doi.org/10.1002/jpen.1451
https://doi.org/10.1158/0008-5472.CAN-14-2211
https://doi.org/10.1158/0008-5472.CAN-14-2211
https://doi.org/10.2217/fon.09.136
https://doi.org/10.3389/fonc.2020.00583
https://doi.org/10.3389/fonc.2020.623046
https://doi.org/10.3389/fonc.2020.01473
https://doi.org/10.3390/cancers11091402
https://doi.org/10.4093/dmj.2014.38.5.330
https://doi.org/10.4093/dmj.2014.38.5.330
https://doi.org/10.1155/2014/461917
https://doi.org/10.1155/2014/461917
https://doi.org/10.3390/cancers14030724
https://doi.org/10.3390/cancers14030724
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/journals/nutrition#articles

	A Nutritional Metabolism Related Prognostic Scoring System for Patients With Newly Diagnosed Osteosarcoma
	Introduction
	Patients and Methods
	Patients
	Data Collection and Processing
	Construction of Nutritional Metabolism Related Prognostic Scoring System
	Evaluation of the Value of Nutritional Metabolism Related Prognostic Scoring System
	Construction and Evaluation of the Nomogram
	Relationship Between Nutritional Metabolism Related Prognostic Scoring System and Clinical Characteristics
	Statistical Analysis

	Results
	Patient Characteristics
	Construction of Nutritional Metabolism Related Prognostic Scoring System
	Evaluation of Prognostic Value of Nutritional Metabolism Related Prognostic Scoring System
	Construction and Validation of Nutritional Metabolism Related Prognostic Scoring System-Based Nomograms
	Association Between Nutritional Metabolism Related Prognostic Scoring System and Clinical Features
	Prognostic Value of Individual Hematological Markers

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


