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Can Fluorine-18-Fluorodeoxyglucose Positron Emission Tomography 
Be Used As a Useful Method to Evaluate the Treatment Response to 
Neoadjuvant Therapy Combined With Sorafenib and Anti-VEGF in Children 
Diagnosed With Metastatical Bone Sarcoma?
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Abstract

Background: The prognosis is still poor for patients with a metastatic bone tumor and new treatment approaches (anti-VEGF and tyrosine 
kinase inhibitors vs) are therefore needed.
Objectives: The aim of our study was to evaluate how the primary and metastatic lesions of our patients with a bone tumor were affected 
by these treatments and to determine the importance of the 18F-FDG PET method.
Patients and Methods: Twenty metastatic bone tumor cases were included. Sorafenib and anti-VEGF were added to the standard 
treatment in cases with widespread metastatic disease at diagnosis or after neoadjuvant chemotherapy showing less than 90% tumor 
necrosis in the surgical sample. Positron emission tomography (PET) imaging was performed at diagnosis, the preoperative period 
following neoadjuvant chemotherapy, during postoperative follow-up, and when treatment was discontinued.
Results: The primary treatment region median SUVmax level decreased from 7.35 to 2.5 in the living patients (n = 16) while there was no 
significant decrease in the patients who succumbed to the disease (P < 0.001). Comparison of the pre- and post-treatment metastasis 
region median SUVmax levels in patients with metastatic involvement showed a decrease from 2.1 to 0 in the surviving patients but only 
from 4.8 to 3.2 in the deceased patients (P < 0.01). Survival results indicated that 28.6% of the patients receiving classical treatment only died 
while all the patients receiving additional sorafenib and anti-VEGF survived.
Conclusions: 18F-PET may be a useful technique before and during the follow-up of neoadjuvant treatment in pediatric metastatic bone 
tumor patients. The addition of sorafenib and anti-VEGF to classical treatment has a favorable contribution to the response and therefore 
the survival duration.
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1. Background
Imaging methods are important in the staging and fol-

low-up of the treatment response in malignant bone tu-
mor cases. The PET imaging method is especially useful in 
the differentiation of benign and malignant bone tumors 
and the evaluation of the histopathological response of the 
tumor to treatment (1-3). 18F-fluorodeoxyglucose enhance-
ment has been shown to have a positive correlation with 
the presence of malignant bone tumors, especially in adult 
patients, and has also been found to be useful in the follow-
up of pulmonary metastatic nodules. FDG PET is benefi-
cial in detecting distant metastases when compared with 
conventional methods. 18F-FDG enhancement is also seen 
in pediatric bone tumors and it is said that the technique 
can be used to monitor the response to treatment (4-6). Al-

though still controversial and uncertain, it is clear that PET 
could be a useful method for clinical practice.

Angiogenesis is required for tumor growth and me-
tastasis. Vascular endothelial growth factor (VEGF) and 
its receptors (VEGFR-1 and VEGFR-2) and platelet-derived 
growth factor and its receptors play a major role in tumor 
vascularization. Bevacizumab is a monoclonal antibody 
binding all forms of VEGF with high affinity and is used 
for the treatment of solid refractory tumors in adults. A 
phase I study on pediatric refractory solid tumors has 
also reported stable disease with no drug-related toxicity 
(with 5, 10, 15 mg/kg every 2 weeks) (7).

Sorafenib is an oral multikinase inhibitor (Raf-1, BRAF, 
FLT-3, C-kit, VEGFR-2,VEGFR-3 and PDGFRB) and is used in 
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adult renal cell carcinoma and inoperable hepatocellular 
carcinoma. The sorafenib and anti-VEGF combination po-
tentiates the effect of each component. When used at tol-
erable doses, it can increase the treatment success rate in 
pediatric metastatic bone tumor cases with better survival 
rates as found in our study (8, 9). There is a high rate of met-
astatic disease at the time of diagnosis with osteosarcoma 
and Ewing’s sarcoma and the fact that this is the most im-
portant prognostic factor emphasizes the importance of 
these targeted treatment agents that increase treatment 
success. Adding these agents to systemic treatment may 
increase the success in disease control as the number of 
chemotherapeutics that can be used with diffuse disease 
and relapse is limited. 18F-PET may be a useful technique 
before and during the follow-up of neoadjuvant treatment 
in pediatric metastatic bone tumor patients.

2. Objectives
The aim of our study was to evaluate how the primary 

and metastatic lesions of our patients with a bone tumor 
were affected by these treatments and to determine the 
importance of the 18F-FDG PET method.

3. Patients and Methods
We included a total of 20 metastatic bone tumor cases [7 

Ewing sarcoma (ES) and 13 osteosarcoma (OS) cases] diag-
nosed between 2010 and 2013 retrospectively. There were 10 
females and 10 males with a median age at diagnosis of 14 
(7 - 17) years (Table 1). Median follow up time was 18 (6 - 37 ) 
months. Classical treatment protocols were used for bone 
tumors in our clinic up to 2011. The standard treatment 

agents used for systemic chemotherapy are cisplatin (DDP), 
doxorubicin (DOX) and high-dose methotrexate (HD-MTX) 
together with ifosfamide and/or etoposide (EURAMOS) to 
prevent the development of metastatic disease in osteosar-
coma besides surgical treatment. We have used the classical 
treatment agents of cyclophosphamide, vincristine, doxo-
rubicin, ifosfamide and etoposide (VACD-IE) alternatively 
for Ewing sarcoma cases in our clinic. However, we have 
started adding a tyrosine kinase inhibitor and anti-VEGF 
(recombinant monoclonal IgG1) to the treatment if meta-
static disease was present or the case was refractory to clas-
sical treatment with < 90% necrosis since 2011 (anti-VEGF 
10 mg/kg/dose once every 2 weeks and sorafenib 200 mg/
m2/dose for 2 doses every day). We discontinued sorafenib 
during main chemotherapy. After chemotherapy cycle fin-
ished, we started sorafenib again. We continued anti-VEGF 
and sorafenib treatment for 6 months in patients refrac-
tory to treatment or residual disease. We have also been 
combining PET imaging with magnetic resonance at the 
time of diagnosis, preoperatively following neoadjuvant 
treatment and in the postoperative period to evaluate the 
treatment response since 2010. Six of our ES cases received 
classical treatment and one received classical treatment 
combined with anti-VEGF and sorafenib while 8 of the OS 
cases received classical treatment and 5 additionally re-
ceived anti-VEGF and sorafenib. We showed PET images of 
one of representative patient diagnosed Ewing sarcoma 
who used combination treatment successfully (Figure 1 A 
and B, Figure 2 A and B). SPSS program was used for statisti-
cal analysis while comparing combination treatment and 
classical treatment results with survival and PET SUV max 
values of primary and metastasis region.

Table 1. All Patients With Metastatic Bone Tumors
Name Age Gender Diagnosis Sorafenib + Anti VEGF Final State
M.S. 14 M OS + A
Y.A. 10 M OS + A
M.C.Y. 8 M OS + A
U.O.Y. 15 M OS + A
B.A. 15 F OS − A
K.C. 14 M OS − A
D.K. 17 F OS − E
M.M.M. 16 F OS − E
M.K. 14 M OS + A
O.F.K 10 M OS − A
B.G. 13 M OS − E
H.N.K. 14 F OS − A
A.T. 11 F OS − A
E.S 12 F ES − A
B.S. 13 F ES − A
S.O. 14 M ES − A
M.Y. 15 F ES − A
G.K. 13 F ES + A
D.K. 7 F ES − E
A.I.C. 11 M ES − A
Abbreviations: A, alive; E, exitus; ES, Ewing sarcoma; F, female; M, male; OS, osteosarcoma.
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4. Results
The preoperative and postoperative PET SUVmax values 

of the primary and metastasis regions were compared in 
both surviving patients and those that died. The primary 
region median SUVmax value decreased from 7.35 to 2.5 
with treatment in the surviving patients (n = 16) while 
there was no significant decrease in the primary region 
median PET SUVmax value in the deceased patients (n = 4) 
(P < 0.001) (Table 2). Enhancement in the metastasis area 
on PET was seen in 10 bone tumor patients. The pre- and 
post-treatment median PET SUVmax values in the metas-

tasis region of these 10 patients decreased from 2.1 to 0 
(involvement disappeared) in the surviving patients (n = 
7) but only from 4.8 to 3.2 in the deceased patients (n = 
3) (P<0.01) (Table 3). Evaluation of survival results showed 
that 28.6% of the patients receiving only classical treat-
ment died while all patients in the group where sorafenib 
and anti-VEGF had been added had survived (P = 0.006) 
(Figure 3). This study included only 20 cases for compari-
son of combination therapy benefits so we admit this as 
the limitation of our study.

Figure 1. A and B, PET Images of Ewing Sarcoma Patient at Diagnosis

Figure 2. A and B, PET Images of Ewing Sarcoma Patient After Combination Treatment
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Table 2. Primary Region’s PET SUVmax Value Before Treatment and After Treatmenta

Patient (n) Psuvmax1 Inferior-Superior Limit (Median) PSUVmax2 Inferior-Superior Limit (Median) P Value

Alive (16) 3.2 - 25.5 (7.35) 0 - 6.6 (2.5) 0.001

Exitus (4) 8.7 - 24.8 (14.1) 2.3 - 24 (11.3) 0.001
a Descriptions: PSUVmax1, primary region before treatment SUVmax value; PSUVmax2, primary region after treatment SUVmax value.

Table 3. Metastasis Region’s PET SUV Max Value Before Treatment and After Treatmenta

Patient (n) MSUVmax1 Inferior-Superior Limit (Median) MSUVmax2 Inferior-Superior Limit (Median) P Value

Alive (7) 2.1 - 4 (2.1) 0 0.01

Exitus (3) 3 - 9.4 (4.8) 3 - 5 (3.2) 0.01
a Descriptions: PSUVmax1, primary region before treatment SUVmax value; PSUVmax2, primary region after treatment SUVmax value.

Figure 3. The Positive Effect of Sorafenib and Anti-VEGF Combination on 
Survival
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All patients added sorafenib and anti-VEGF are alive (P = 0.006).

5. Discussion
The treatment success rate is low in metastatic bone tu-

mors. However, we would like to stress that it is possible 
to take some prognostic risk factors into account and 
use non-standard treatments to increase the treatment 
success rate in patients who have metastatic disease at 
the time of diagnosis or a low surgical necrosis rate. We 
would therefore like to discuss the positive effect of the 
sorafenib and anti-VEGF combination on survival and 
also the use of PET as an ancillary imaging method for 
determining the treatment response in childhood bone 
tumors as in many other cancers.

The use of the oral multikinase inhibitor sorafenib with 
the targeted treatment agent anti-VEGF monoclonal an-
tibody potentiates the effect of both agents. This combi-
nation increases treatment success with a significant im-
provement in survival rates in bone tumors as in many 
other cancers (9).

The treatment success has improved in osteosarcoma 
with the use of multiagent chemotherapy and surgical 

resection in recent years. The disease-free survival rate in 
localized resectable disease is now 60 - 70%. However, new 
treatment agents are still needed to increase the success 
rate in metastatic disease (10-12). Grignani et al. explored 
activity of sorafenib in relaps and unresectable osteosar-
coma patients as a second or third-line treatment agent 
(13). Maki et al. performed a multicenter phase II study and 
showed that sorafenib had activity aganist sarcoma pa-
tients as a single agent (14). Besides, sorafenib was associat-
ed with antitumor activity in advanced soft tissue sarcoma 
patients. In our opinion, sorafenib as a first line targeted 
therapy, shows antitumor activity and promises in osteo-
sarcoma patients but still deserves further investigation.

Ewing sarcoma patients present with metastasis in ap-
proximately 25% of cases (15). The use of stem cell trans-
plantation following myeloablative chemotherapy and 
addition of new targeted treatment agents can be con-
sidered in addition to systemic chemotherapy and radio-
therapy in these cases (16, 17). We found that the addition 
of the sorafenib and anti-VEGF combination to classical 
treatment in our clinic led to survival of all bone tumor 
patients while 28.6% of those receiving classical treatment 
died. This significant contribution to survival makes it nec-
essary to emphasize the sorafenib and anti-VEGF combina-
tion in childhood metastatic bone tumors. This combina-
tion was especially reported in adult solid tumors, not in 
childhood bone tumors. Our first favorable results may 
encourage clinicians to treat metastatic bone tumors de-
spite the small number of patients included in the study.

A positive correlation between 18F-FDG enhancement 
on PET and disease aggressiveness, histopathological 
grading and staging is reported for childhood bone tu-
mors. Many studies have found PET results to be quite 
sensitive and reliable in determining the treatment re-
sponse (18-20). Quartuccio et al. compared the diagnostic 
performance of PET and conventional imaging for stag-
ing and follow up of pediatric osteosarcoma and skeletal 
Ewing sarcoma. They emphasized that PET provides di-
agnostic benefit in bone tumors (21). We similarly found 
the PET method to be very valuable in evaluating disease 
spread in childhood bone tumors at the time of diagno-
sis, preoperatively following neoadjuvant treatment, and 
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postoperatively. The method was able to provide objec-
tive results (tumor necrosis rate) to evaluate treatment 
response as in histopathological evaluation. Certainly 
prospective studies are needed to define the best imag-
ing algorithm in the follow up of patients with pediat-
ric bone sarcoma. We also found that patients where 
sorafenib and anti-VEGF were added to treatment showed 
decreased involvement of the primary and metastasis re-
gions on PET and that the method was sensitive in dem-
onstrating this response. The fact that the metastasis re-
gion was controlled as much as the primary region and 
regarding survival rate during follow-up increased the 
importance of PET. It is obvious that the sorafenib and 
anti-VEFG combination makes it more possible to control 
the pathological involvement of the metastasis regions.

In conclusion, 18F-PET seems to be a reliable method to 
determine the spread of the disease and to evaluate the re-
sponse before and after neoadjuvant treatment in patients 
with metastatic bone sarcoma. The addition of sorafenib 
and Anti-VEGF to the treatment has improved the PET re-
sponse and similarly the survival duration of the patients.
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