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Introduction: We aimed to identify a new biomarker using 18 F-fluorodeoxyglucose ( 18 F-FDG) positron emission tomog-
raphy (PET)/computed tomography (CT) parameters to identify osteosarcoma patients with standard response after 
neoadjuvant chemotherapy (NAC).

Patients and Materials: Fifty-four patients with conventional osteosarcoma (age £39 years) were included in this study. 
All patients underwent 18 F-FDG PET/CT before (PET1) and after NAC (PET2). We measured PET parameters, including 
maximum, average, and peak standardized uptake value (SUVmax, SUVave, and SUVpeak); metabolic tumor volume 
(MTV); and total lesion glycolysis (TLG). Their changes (DPET = PET2/PET1) were also examined. The patients were 
classified into 4 groups based on the histological tumor necrosis rate (TNR): G0 (<50%), G1 (50 to < 90%), G2 (90 to < 
100%), and G3 (100%). G0 and G1 patients were enrolled in the standard responder (SR) group (n = 35), while G2 and G3 
patients were enrolled in the good responder (GR) group (n = 19). We examined the correlation between changes in each 
18 F-FDG PET/CT parameter and TNR as well as overall survival (OS) and progression-free survival (PFS) among the 4 
groups. In the SR group, the median value of DSUVmax was calculated and correlated with prognostic stratification.

Results: The changes in each PET parameter were correlated with TNR, with SUVpeak showing the strongest correlation. 
Moreover, in the SR group, there were no differences in OS or PFS between G0 and G1. Patients in the SR group were 
stratified into 2 groups according to the median DSUVmax value (0.62). Patients with DSUVmax < 0.62 had significantly 
better OS (P < 0.01) and PFS (P = 0.02) in comparison with patients with DSUVmax ‡ 0.62. In multivariate analyses, 
DSUVmax showed a correlation with OS in the SR group.

Discussion: This study revealed that DSUVmax may confirm the preoperative stratification of the prognosis be a pre-
dictive biomarker for patients in the SR group. Moreover, the preoperative identification of patients with a worse prognosis 
in the SR group has a significant impact on improving the clinical outcomes of patients with osteosarcoma.

Level of Evidence: Prognostic studies, Level III. See Instructions for Authors for a complete description of levels of 
evidence.

Introduction

O steosarcoma is one of the first solid tumors for which
neoadjuvant chemotherapy (NAC) proved to be beneficial.

Despite significant improvements in survival and the introduction
of NAC, treatment options and clinical outcomes have not
changed over several decades 1 . The histologic response to

NAC is reported to be the most important prognostic factor 
in osteosarcoma, and patients with whose tumor necrosis 
rate (TNR) is >90% (good responders: GR) have better 
outcomes than those a TNR of < 90% TNR (standard responders: 
SR) 2-7 . The Huvos grade has been widely used to histologically 
evaluate TNR in resected specimens 8 . However, the Huvos grade
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has some disadvantages, including 2-dimensional and subjective 
evaluation and the inability to predict TNR preoperatively.

Recently, fluorine-18 fluorodeoxyglucose ( 18 F-FDG) posi-
tron emission tomography (PET)/computed tomography (CT) 
has been performed preoperatively to evaluate the histologic 
response to NAC and the prognosis of many types of cancer,
sarcoma, and lymphoma 9-15 .

To improve clinical outcomes in osteosarcoma, inter-
vention for patients with a worse prognosis is needed. However, 
to the best of our knowledge, there are no reports targeting the 
further stratifying the SR group. Therefore, we aimed to identify a 
new biomarker using 18 F-FDG PET/CT parameters to identify 
patients with a worse prognosis in the SR group of patients with 
osteosarcoma.

Material and Methods
Ethical Considerations

The study was approved by our institution's Ethics Review 
Board (#2024-060) and conducted in accordance with the 

Declaration of Helsinki. Informed consent was obtained from 
all participants.

Patients and Methods
We retrospectively reviewed the records of patients with con-
ventional osteosarcoma aged younger than 39 years who were 
treated with NAC and surgery. All patients underwent 18 F-FDG 
PET/CT before and after NAC. In all patients, the diagnosis of 
the primary tumor and the TNR of the resected specimens were 
assessed by pathologists at our institution. The definition of 
tumor necrosis includes tumors with histological necrosis and/ 
or fibrosis of the tumor cells. The histologic response to NAC 
was evaluated based on the Huvos grade and classified into 4 
groups: G0 (TNR: <50%), G1 (50 to <90%), G2 (90 to <100%), 
and G3 (100%) 8 . In addition, patients with TNR >90% (G2 and 
G3) were enrolled in the GR group, and those with TNR <90% 
(G0 and G1) were enrolled in the SR group.

Fifty-four patients were enrolled in this study. Their 
medical records were retrospectively analyzed. Data were 
extracted from each patient's records. Patients underwent 
18 F-FDG PET/CT at 2 time points: pre-NAC (PET1) and 
post-NAC (PET2). Overall survival (OS) and progression-
free survival (PFS) were defined as the duration between 
initial treatment and death and local recurrence or distant 
metastases. Clinical parameters with prognostic effects were 
analyzed, and univariate and multivariate analyses were used 
to identify factors associated with clinical outcomes.

18 F-FDG PET/CT
After fasting for at least 4 h, the blood glucose levels were 
measured in all patients before infection with 18 F-FDG. All 
patients had a serum glucose level of 200 mg/dl before the 
scan. PET images were obtained 1 h after an injection 
of 18 F-FDG using a PET/CT scanner (Discovery600, GE 
Healthcare). PET images were reconstructed using an ordered 
subset expectation maximization algorithm (AW Server; GE 
Healthcare).

Semiquantitative Analysis
SUV was defined as the activity concentration (Bq/mL) divided 
by the injected activity (Bq), normalized to body weight. 
SUVmax was obtained from the volume of interest (VOI) 
covering the entire tumor. SUVave and SUVpeak were also 
calculated for the same VOI. MTV was determined using a 
threshold of 42% SUVmax. Total lesion glycolysis (TLG) was 
defined as the product of SUVave and MTV. Changes in SUV 
parameters were defined as DSUV = SUV2/SUV1, DMTV = 
MTV2/MTV1, and DTLG = TLG2/TLG1.

Statistical Analysis
The correlation between the TNR and each 18 F-FDG PET/CT 
parameter was assessed using a linear regression analysis. OS 
and PFS were estimated using the Kaplan-Meier method, and
the log-rank test was used to assess the differences in survival 16 .
Differences and correlations were considered to be statistically 
significant at p < 0.05. All statistical analyses were performed 
using EZR (ver. 1.53; Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), a graphical user interface for R (R 
Foundation for Statistical Computing). EZR (Easy R) is a

TABLE I Patient Characteristics Based on Huvos Grade

Huvos Grades G0 G1 G2 G3 p

Number 16 19 15 4

Median age (years) 15 14 15 13.5 0.665

Median tumor size (mm) 85.5 99 83 105.5 0.784

Median F/U period (months) 62 88 125 156 0.468

Median TNR (%) 15 70 95 100

Sex 0.973

Male 10 13 10 3

Female 6 6 5 1

Location 0.878

Femur 8 12 10 3

Tibia 5 5 4 1

Humerus 0 2 0 0

Fibula 1 0 1 0

Clavicle 1 0 0 0

Radius 1 0 0 0

Metastasis 0.43

M0 14 19 14 4

M1 2 0 1 0

Final status <0.001*

CDF 9 11 12 4

NED 0 4 0 0

AWD 0 1 0 0

DOD 10 0 3 0

AWD = alive with disease, CDF = continuous disease-free, DOD =, 
dead of disease, F/U = follow-up, TNR = tumor necrosis rate, and 
NED = no evidence of disease. *Significant difference.

Prognostic Stratification
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modified version of R Commander designed to add statistical
functions that are frequently used in biostatics 17 .

Results
Clinical Characteristics of the Patients

P atient characteristics are given in Table I. Of the 54 patients,19 (35.2%) were enrolled in the GR group and 35 (64.8%)
were enrolled in the SR group. According to the Huvos 
grade, 16 patients (29.6%) were in G0, 19 (35.2%) in G1, 15 
(27.8%) in G2, and 4 (7.4%) in G3. There were no signif-
icant differences in sex, age at the primary tumor diagnosis, 
primary tumor size, location, follow-up period, or distant 
metastasis at the time of the primary tumor diagnosis. In 
G0, 10 of 19 patients (52.6%) died of the disease, while in 
G3, all patients were disease-free at the final follow-up. 
NAC regimens consisted of methotrexate, doxorubicin, and 
cisplatin (MAP) (n = 34), with fewer patients receiving 
MAP plus ifosfamide (IFO) (n = 6), doxorubicin and cis-
platin (AP) (n = 1), and AP plus IFO (n = 13). There were 
no significant differences in the DSUVmax among these 
groups (p = 0.362) or between patients treated with or 
without IFO (p = 0.648).

Correlations Between the Tumor Necrosis Rate and 
Semiquantitative 18 F-FDG PET/CT Parameters
The TNR was negatively correlated with DSUVmax (R = 2 
0.66, p < 0.001), DSUVave (R = 20.61, p < 0.001), DSUVpeak 
(R = 20.77, p < 0.001), DMTV (R = -0.57, p = 0.004), and 
DTLG (R = 20.69, p < 0.001) (Fig. 1).

Prognosis
In all 54 patients, the 5-year and 10-year OS rates were 80.8% 
and 70.3%, respectively. Five-year and 10-year PFS were 66.0% 
and 66.0%.

Although there was no significant difference in OS 
between the GR and SR groups (p = 0.11), the GR group 
showed a trend toward improved survival. PFS was signifi- 
cantly better in the GR group than in the SR group (p = 0.03) 
(Figs. 2-A and 2-B). In the SR group, there were no signifi- 
cant differences in OS or PFS between G0 (p = 0.08) and G1 
(p = 0.873) (Figs. 2-C and 2-D).

The median DSUVmax in the SR group was 0.62, which 
was significantly higher than that in the GR group (0.33, 
p < 0.001). The 5-year and 10-year OS rates were 100% and 
85.1% (95% CI 52.3-96.1%), respectively, in patients with

Fig. 1 

Correlations between 18 F-FDG PET/CT parameters and tumor necrosis rate. Fig. 1-A SUVmax, (Fig. 1-B) SUVave, (Fig. 1-C) SUVpeak, (Fig. 1-D) metabolic

tumor volume, and (Fig. 1-E) total lesion glycolysis. CT = computed tomography, 18 F-FDG = 18 F-fluorodeoxyglucose, PET = positron emission tomography, 

and SUV = standardized uptake value.

Prognostic Stratification
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DSUVmax <0.62, and 51.8% (95% CI 24.3-73.6%) and 
41.4% (95% CI 15.3-66.1%) in patients with DSUVmax
‡0.62. The 5-year and 10-year PFS rates were 69.1% (95% 
CI 40.7-85.9%) and 69.1% (95% CI 40.7-85.9%), respec-
tively, in patients with DSUVmax <0.62, and 28.4% (95% CI 
9.0-51.9%) and 28.4% (95% CI 9.0-51.9%) in patients with 
DSUVmax ‡0.62). In the SR group, patients with DSUVmax 
<0.62 had significantly better OS (p < 0.01) and PFS (p = 
0.02) than those with DSUVmax ‡0.62 (Fig. 3).

The prognostic factors in the SR group are given in Table 
II. Cox proportional hazards models revealed that DSUVmax
‡0.62 was the only factor significantly associated with worse 
OS, while tumor size ‡87 mm and M1 were significantly 
associated with worse PFS.

Discussion

Osteosarcoma was one of the first solid tumors for which 
NAC was beneficial. Although survival has improved

since the introduction of NAC, the treatment options and
clinical outcomes have not changed over several decades 1 .
Many reports have shown that the GR prognosis is better 
than that of SR 2-7 , and standard responders are considered to 
have different treatment options after surgery. However, 
EURAMOS-1 results showed that adding IFO and etoposide 
to postoperative chemotherapy did not improve event-free 
survival in the SR group 18 . Therefore, it is necessary to 
identify SR patients with a worse prognosis and develop them 
with novel therapeutic approaches. However, to the best of 
our knowledge, there are no reports targeting the SR group or 
stratifying it. This is the first study to suggest stratifying the 
SR group by SUVmax changes, which is difficult using a 
conventional pathological evaluation. These results suggest 
that SUVmax may be a new predictive biomarker to stratify 
the prognosis of the SR group.

Prognostic factors for patients with osteosarcoma 
include metastatic disease, primary location, tumor size,

Fig. 2 

Kaplan-Meier survival plots of (Fig. 2-A) OS and (Fig. 2-B) PFS for the GR and SR groups, and (Fig. 2-C) OS and (Fig. 2-D) PFS for G0 and G1. GR = good

responder, OS = overall survival, PFS = progression-free survival, and SR = standard responder.

Prognostic Stratification
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TNR, and surgical remission 3 . In particular, TNR of >90% is 
reported to be the most important prognostic factor in 
patients with osteosarcoma to improve outcomes 2-7 . How-
ever, there are no reports on prognostic factors in the SR 
group alone. The Huvos grade is important in categorizing 
GR and SR groups, but could not stratify the prognosis in the 
SR group. Moreover, disadvantages of the Huvos grade 
include 2-dimensional and subjective evaluation and the 
inability to predict TNR preoperatively.

Recently, 18 F-FDG PET/CT has been frequently used to 
determine the diagnosis, staging, and response to chemother-
apy in many types of cancer, sarcoma, and lymphoma 9-15 . 18 F-
FDG PET/CT has the advantages of being a 3-dimensional and 
objective evaluation that is able to predict the TNR preopera-
tively, unlike the Huvos grade.

In osteosarcoma, 18 F-FDG PET/CT parameters have also 
been reported to be useful for predicting histologic responses 
to NAC or clinical outcomes. The predictors of histologic
response to NAC have been reported to be SUVmax and TLG 4 ,
SUVmax 19,20 , and MTV and TLG 21 . Similar to this study, 18 F-
FDG PET/CT parameters correlated with histologic response 
to NAC. To the best of our knowledge, there are no reports of 
correlations between SUVpeak and histologic response to 
NAC. SUVmax has some advantages because of its simplicity 
of determination, but concerns remain regarding the effect of 
image noise on the SUVmax of a single pixel. SUVpeak has 
superior repeatability and stability in comparison with SUVmax 
and is less sensitive to image noise 22 . However, due to changes in

the equipment used in the current study, SUVpeak could only be 
measured in 24 cases.

Regarding the correlation between 18 F-FDG PET/CT 
parameters and the prognosis, Costelloe et al. reported that 
SUVmax and TLG were associated with OS and PFS 4 . Im et al. 
reported that SUVpeak, MTV, and TLG are predictive of OS 
and event-free survival 23 . Other reports have also shown that 
SUVmax and MTV affect the prognosis 24-26 . However, none of 
these reports evaluated the prognostic factors in the SR group 
alone. This study revealed that DSUVmax was the only prog-
nostic factor for OS in the SR group. In this study, when the SR 
group was stratified by the DSUVmax at a cutoff value of 0.62, we 
also observed a significant difference in TNR (p = 0.01). However, 
the TNR is subject to pathologist variability and is considered a 
relatively subjective parameter. Therefore, DSUVmax can be used 
as a new predictive biomarker to stratify the prognosis of patients 
in the SR group.

This study has several limitations. First, the sample size 
was relatively small because osteosarcoma is a rare cancer. 
Second, the follow-up period was relatively short owing to the 
retrospective nature of the study and the inclusion of recent 
cases. Finally, owing to changes in 18 F-FDG PET-CTequipment 
during the follow-up period, not all 18 F-FDG PET/CT parameters 
could be detected in all patients.

Conclusion

Various parameters of 18 F-FDG PET/CT are useful in as-
sessing the histological response to NAC in osteosarcoma.

Fig. 3 

Kaplan-Meier survival plots of (Fig. 3-A) OS and (Fig. 3-B) PFS for DSUVmax ‡ 0.62 and < 0.62 in the SR group. OS = overall survival, PFS = progression-free
survival, and SR = standard responder.
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In the SR group, DSUVmax was one of the prognostic fac-
tors. The rate of change in SUVmax may be a new biomarker 
for stratifying standard responders among patients with 
osteosarcoma. Novel therapeutic approaches to identify 
groups of patients with osteosarcoma who are predicted to 
have a poorer prognosis and to improve their clinical out-
comes are currently needed, and the evaluation of the che-
motherapy response by 18 F-FDG PET/CT may provide a 
breakthrough. n
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TABLE II Poor Prognostic Factors in the SR Group

OS PFS

Univariate Multivariate Univariate Multivariate

Number 5-Year (%) p p
HR 

95% CI 5-Year (%) p p
HR 

95% CI

Age (year) 0.09 0.737

<14 15 84.4 56.9

‡14 20 70.2 44.4

Tumor size (mm) 0.124 0.004* 0.007* 0.158

<87 17 85.7 73.9 0.041-0.601

‡87 18 67.3 26.5

TNR (%) 0.084 0.447

<50 16 57.7 45.2

‡50 19 94.4 60.2

Sex 0.995 0.447

Male 23 76.1 45.2

12 77.1 60.2

Location 0.659 0.11

Femur 20 78.1 42.9

Tibia 10 85.7 74.1

Others 5 50.0 25.0

Metastasis 0.001* 0.068 4.81 0.007* 0.009* 12.69

M0 33 81.9 0.891-25.98 52.9 1.868-86.22

M1 2 NA NA

SUVmax 0.009* 0.046* 0.194

<0.62 17 100 0.039-0.970 69.1 0.016* 0.138 0.429

‡0.62 18 51.8 28.4 0.141-1.311

CI = confident interval, HR = hazard ratio, OS = overall survival, PFS = progression-free survival, SR = standard responder, SUV = standard uptake 
value, and TNR = tumor necrosis rate. *Significant difference.
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