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Abstract 

Background:  Nowadays, PET/CT plays a substantial role in the diagnosis of different types of tumor by its ability to 
provide combined functional and anatomic imaging in the same session. The purpose of this study is to evaluate the 
added value of PET/CT in staging and re-staging of primary malignant bone tumors.

Results:  Out of the studied 40 patients, 7 patients were referred for primary staging of different types of histologically 
proven primary malignant bone tumors, their FDG-PET/CT studies yielded additional diagnostic information in 28.6% 
of them. Thirty three patients were referred either for assessment of treatment response or for follow-up to detect 
any viable lesions; FDG-PET/CT was more sensitive and specific than CT in follow-up and assessment of treatment 
response with PET/CT sensitivity 94.4%, specificity 86.7%, and total accuracy 90.9% and CT sensitivity 88.2%, specificity 
81.2%, and total accuracy 84.8%.

Conclusions:  PET/CT was an accurate imaging modality in evaluation of primary malignant bone tumors regarding 
tumor staging, assessment of therapeutic response and detection of metastatic disease as compared to CT.

Keywords:  Positron emission tomography/computed tomography (PET-CT), Malignant bone tumors, FDG, Primary 
satging, SUVmax

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Background
Primary malignant bone tumors are fairly rare. The most 
common primary malignant bone tumors are osteo-
sarcoma, chondrosarcoma, and Ewing’s sarcoma. Stag-
ing of the disease is necessary for determination of the 
treatment plan as well as follow-up of the lesion and its 
response to therapy. This depends on complete imaging 
and histo-pathological confirmation of the suspected 
entity [1, 2].

Diagnostic imaging has a master role in evaluation and 
management of bone cancers. Standard imaging modali-
ties as conventional radiography, computed tomography 
(CT) scanning, magnetic resonance imaging (MRI) and 
skeletal scintigraphy cannot reach the accurate stag-
ing of the tumor as they depend mainly on morphologic 

diagnostic criteria and cannot differentiate between post-
treatment changes and recurrence or residual tumor due 
to distortion of the regional anatomy by surgery and/or 
radiation [3, 4].

Also, positron emission tomography (PET) is lim-
ited in this field as it depends only on functional imag-
ing through localization of metabolic activity using 
various radiopharmaceutical agents with lack of anatomi-
cal localization [5].

The introduction of the hybrid 18F-fluorodeoxy-D-glu-
cose positron emission tomography-computed tomog-
raphy (18F-FDG PET/CT) technique has advanced the 
knowledge of the pathophysiology of cancers that signifi-
cantly impacts the evaluation, staging and management 
of different tumors and thus providing more efficacious 
treatment, better quality of life, and increased survival 
[6].

Also, its unique advantages, as high sensitivity and an 
extremely long scan range provide an opportunity for 
wider clinical application, including low administered 
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activity, total-body dynamic scanning, and long acquisi-
tion delay [7].

The CT component of this imaging provides impor-
tant morphologic information which is added to the 
functional information given by PET scans in the same 
session [8].

Viable malignant primary bone tumors are usually 
18F-fluorodeoxyglucose (FDG) avid. Accumulation of 
FDG may reflect tumor characteristics based on its 
metabolic activity providing better characterization of 
indeterminate lesions and guidance of targeted biopsy 
of the most metabolically active area within larger 
tumors especially tumors of mixed grade and/or cell 
type [9, 10].

FDG-PET is used also for more accurate staging of 
histologically confirmed tumors, assessment of treat-
ment response to detect disease course and find out 
any recurrent lesions. It also provides a non-invasive 
method in estimating tumors grade depending on the 
amount of FDG uptake; this is an important prognostic 
factor in most bone tumors and a reliable independent 
prognostic indicator [11, 12].

The aim of this work is to assess the role of positron 
emission tomography-computed tomography (PET/
CT) in primary malignant bone tumors including the 
primary staging, assessment of treatment response and 
detection of residual or recurrent disease.

Methods
Study population
Forty patients (22 males and 18 females) with histolog-
ically confirmed diagnosis of primary malignant bone 
tumor were included in this prospective study. The age 
of the selected patients ranged from 9 to 67 years with 
a mean of 35.17 years. They were referred to PET/CT 
unit in Radio-diagnosis department over a period from 
March 2020 to March 2021.

Approval of Research Ethics Committee (REC) and 
informed consent were obtained from all participants 
in this study after explanation of the benefits and risks 
of the procedure. Privacy and confidentiality of all 
patients’ data were guaranteed. All data provision were 
monitored and used for scientific purpose only.

The included criteria were all patients with histo-
logically proven primary bone tumor. No age or gender 
predilection.

Exclusion criteria were pregnant females, patients 
with hyperglycemia (blood glucose level ≥ 200  mg/
dl), serum creatinine level > 2 mg/dl, recent tumor sur-
gery less than 1  month, radiotherapy within less than 
8  weeks, chemotherapy within less than 2  months, or 

organ failure or active infection, and claustrophobic 
patients.

All the included patients were subjected to the following
Data collection

•	 Full medical history, including personal history, his-
tory of the current illness; onset, course, and duration 
of the tumor at time of presentation, biopsy results, 
received treatment; radiotherapy or chemotherapy 
or surgical interference, past history of prior bone 
malignancy and previous imaging. The patients were 
given the optimum appointment for PET/CT scan-
ning according to these data; one week post-biopsy, 
4 weeks post-surgery, 2 to 4 weeks post-chemother-
apy, and 1 to 3 months post-radiation.

•	 Recent creatinine level and history of potential 
allergies to contrast material.

Patient preparation
All patients were instructed to follow the standard die-
tary protocol for oncological FDG PET/CT study, and 
to avoid any kind of strenuous activity 24 h prior to the 
examination and after injection of the radioisotope to 
avoid physiologic muscle uptake of FDG.

In case of diabetic patients; they should not have reg-
ular insulin administered subcutaneously within 4 h of 
having FDG administered.

Blood glucose level was checked prior to 18F-FDG 
injection at PET/CT unit; Target blood sugar was 
150 mg/dl.

Dosage administration
A dose of 8 -12  mCi (370  MBq; approximate dose to 
patient, 3–5  MBq/Kg) 18F-FDG was injected 60  min 
before examination. Patients stayed comfortable, and 
relaxed with limited movements to minimize physi-
ologic uptake of FDG into skeletal muscle.

No oral contrast agent was used for the PET-CT 
examinations.

Image acquisition and reconstruction
PET/CT imaging was performed using a dedicated 
PET/CT scanner (Biograph, Seimens, Germany) with a 
64-detector multislice CT scanner with Time-of-Flight 
technology.

It was performed from the skull base to the level of 
mid-thigh (Torso imaging) approximately 1hour after 
an intravenous injection of FDG. The whole study took 
approximately 20–35 min.
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Patient position
The patients were positioned supine on the PET/CT 
scanner table with their arms kept overhead, they were 
informed to remain motionless during the total scan-
ning time to obtain complete scan acquisition. They 
were reminded to avoid motion between CT and PET 
components of the study to give accurate co-registra-
tion of the CT and PET and avoid substantial attenua-
tion correction artifacts.

CT technique
All the patients in this study were injected with IV con-
trast material (non-ionic iodinated contrast; Ultravist 
300, 80–120  ml) using an automatic injector (Medrad, 
Germany) with injection rate 3 mL/sec. The CT scan was 
performed after the bolus delay time (typically 60–65 s) 
in a cranio-caudal direction with 130 kV, 200–250 mAs, 
5-mm slice thickness, field of view 500–600  mm, and 
voxel size 0.98 × 0.98 × 5mm3.

An initial scout image was taken to position the table 
for the desired axial coverage. The CT continuous scan 
acquisition was performed during breath-hold and lasted 
approximately 10–20 s depending on the axial coverage.

PET technique
After CT acquisition, PET scan was performed over the 
same axial coverage using a series of fixed table positions 
(approximately 10 to 15 bed positions, 2–5 min per bed 
position, overlap between each bed position is approxi-
mately 50%) with a preferable flat breath to reduce the 
effect of respiratory motion of the lungs.

PET/CT fusion
CT data were used for attenuation correction of PET 
emission images. The PET images were reconstructed 
with and without attenuation correction. The helical CT 
scans were reconstructed into 512 × 512 images with a 
slice thickness to match those of the PET scans (5 mm) to 
form the fused PET/CT images.

Precautions after PET/CT scan
The patients were advised to avoid close contact with 
surrounding personnel, especially for children and preg-
nant women up to 24 h.

Images interpretation
Axial CT images, PET images, fused PET/CT images, 
and reconstructions of PET, CT, and PET/CT into sag-
ittal and coronal planes as well as the PET maximum 
intensity projection (MIP) rotating image display were 
reviewed on a picture archiving and communication sys-
tem workstation and were interpreted by two radiologists 

with 9 and 8 years of PET/CT experience, blinded to the 
clinical data, and final decisions reached by consensus 
were reported.

Visual assessment and the standardized uptake value 
(SUVmax.) were used for interpretation of the whole 
body PET/CT scans to detect metabolically active lesions 
indicative of the primary tumor, locoregional lymph 
nodes, loco-regional tumor recurrence or residue, and 
distant metastases.

The standard reference was the biopsy/histopatho-
logical results, and comparison with other imaging 
modalities performed during follow-up up to 6 months. 
Histopathological correlation was performed in 3 
patients, follow-up by radiological imaging were used in 
31 patients, and follow-up PET/CT studies were avail-
able in 6 patients. Also, reviewing previous radiological 
examinations was done in most of the studied patients to 
correlate recorded lesions.

Statistical analysis

•	 The collected data were coded, processed and ana-
lyzed using the SPSS (Statistical Package for Social 
Sciences) version 20 for Windows® (IBM SPSS Inc, 
Chicago, IL, USA).

•	 Quantitative data were expressed as mean ± SD 
(Standard deviation) and range. Qualitative data were 
represented as frequencies and relative percentages. 
Pearson Chi square test (χ2) was used to calculate dif-
ference between qualitative variables as indicated.

•	 The diagnostic ability of quantitative variable in pre-
diction of categorical outcome was calculated.

•	 Probability: P-value < 0.05 was considered signifi-
cant.

Results
This current prospective study included 40 patients; 22 
of them were males (55%) and 18 of them were females 
(45%) with their ages ranged from 9 to 67  years with a 
mean of 35.17 ± 16.76. The majority of patients were at 
the age group from 10 to 20 years; 11 patients represent-
ing 27.5%.

The entire studied patients had primary malignant bone 
tumor proved by biopsy which revealed osteosarcoma in 
12 patients (30% of the patients), chondrosarcoma in 11 
patients, Ewing sarcoma in 9 patients, fibrosarcoma in 6 
patients and angiosarcoma in 2 patients.

The primary sites of the primary malignant bone 
tumors in the studied patients were variable, femur was 
the most affected site as detected in 10 patients (25%), 
followed by ribs in 7 patients, iliac bone in 5 patients, 
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tibia in 5 patients, fibula in 4 patients, humerus in 4 
patients, scapula in 2 patients, mandible in 1 patient, foot 
in 1 patient, and wrist in 1 patient.

According to the indication of PET/CT in the current 
study, the patients were classified into two major groups; 
pre-treatment group which included 7 patients (17.5%) 
who had PET/CT studies for a pre-treatment TNM stag-
ing of known primary malignant bone tumor as proven 
by biopsy (Fig. 1).

The other group in this study was the post-treatment 
group, it included the remaining 33 patients (82.5%). 
Nineteen of them (47.5% of patients) had PET/CT stud-
ies for assessment of treatment response and detection of 
either local residual lesions or distant metastatic lesions 
(Figs. 2, 3, 4), and 14 patients (35%) had PET/CT studies 
performed as routine follow-up to detect any recurrent 
lesions or after developing positive clinical findings sus-
picious for local recurrent tumor.

According to the 7 patients who had done PET/CT for 
primary staging of the tumor, biopsy proved rib chondro-
sarcoma in 2 patients, iliac chonrosarcoma in 1 patient, 
humeral Ewing sarcoma in 1 patient, mandibular fibro-
sarcoma in 1 patient, rib Ewing sarcoma in 1 patient 
and humeral chondrosarcoma in 1 patient. The results 

of primary staging in the present study are shown in 
(Table 1).

Compared with morphological CT findings, the total 
TNM staging changed in 2 patients (28.6%) whose PET/
CT showed downstaging based on metabolic activity. 
It revealed a metabolically inactive right deep cervical 
lymph node in a patient with right mandibular fibrosar-
coma, and metabolically inactive inguinal lymph nodes 
in the other patient with right iliac chondrosaroma, these 
lymph nodes were detected previously by CT and mis-
diagnosed as malignant lymph nodes.

The post treatment group included 33 patients. Twenty 
eight patients (84.8% of them) underwent previous sur-
gical excision of the tumors; 15 patients didn’t receive 
post-surgical medical treatment and 13 patients received 
this treatment after surgery. Five patients (15.2% of them) 
had received either chemotherapy or radiotherapy with-
out surgery; 2 patients received just chemotherapy and 3 
patients received combined chemo-radiotherapy.

Post treatment PET/CT studies for assessment of treat-
ment response in 19 patients were performed between 
4 and 13  weeks after completing definitive chemo-radi-
otherapy according to the protocol of work. We consid-
ered post-treatment 18F-FDG PET/CT performed later 

Fig. 1  A 48 years old male patient with biopsy-proven left ribs chondrosarcoma. He was referred for primary staging of the tumor. A, B Axial CT 
images and C, D Axial fused PET/CT images show metabolically active FDG avid large left anterior chest wall heterogenous lesion with dense matrix 
calcifications and areas of breaking down with SUVmax ~ 10.4, and pulmonary nodule at right lower lung lobe with SUVmax ~ 12. According to 
AJCC TNM staging system, the case was staged as T2 N0 M1a (group staging IVA)
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than 3 months from the completion of therapy as follow-
up rather than post-therapy assessment.

Regarding to the final outcome of the reviewed 33 
PET/CT studies depending on the criteria accepted as 
standard reference including histopathological results, 

follow-up by radiological imaging over 6  months, or 
available follow-up PET/CT studies in 6 patients, or 
comparison with previous radiological examination, 
CT defined 18 positive studies (54.5%) and 15 nega-
tive studies (45.5%); there were 15 true positive, 3 false 

Fig. 2  A 38 years old male patient with biopsy-proven right distal humerus chondrosarcoma. Tumoral excision was done, and the patient was 
referred for post-operative assessment of any residual tumors. A, B, C Axial CT images and D, E, F Axial fused PET/CT images show extensive FDG 
uptake at right elbow at the operative bed infiltrating the surrounding muscles with SUVmax ~ 18.2 associated with multiple right axillary and 
mediastinal retrocaval lymphadenopathy with corresponding increased FDG uptake (SUVmax ~ 12.9 and 3.5 respectively) as well as metabolically 
active left lung basal deposit with SUVmax ~ 16.3 denoting local tumoral residue/recurrence, locoregional lymph nodes and distant metastases. 
Twenty months later, the patient was referred again after total right upper limb amputation for follow-up and detecting any viable tumors. G 
Coronal CT, and H Coronal fused PET/CT images show significant progression in size, number and metabolic activity of the pulmonary nodular 
deposits and mediastinal lymphadenopathy with SUVmax reaching up to 18.2 and 9.1 respectively
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Fig. 2  continued

Fig. 3  A 67 years old male patient with biopsy-proven right distal femoral osteosarcoma. He was referred after an above-knee amputation for 
post-operative assessment of any residual tumors. A MIP image show multiple areas of increased FDG uptake at the operative bed and other sites 
all over the surveyed body denoting local recurrence with distant metastatic lesions. B, C, D Axial CT, and E, F, G Axial fused PET/CT images show 
multiple metabolically active FDG avid osseous deposits with SUVmax ~ up to 19.2 with no corresponding significant CT structural changes

(See figure on next page.)
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Fig. 3  (See legend on previous page.)
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positive, 13 true negative, and 2 false negative studies 
(Table 2). On the other hand, PET/CT defined 19 posi-
tive studies (57.6%) and 14 negative studies (42.4%); 
there were 17 true positive, 2 false positive, 13 true 
negative, and 1 false negative studies. The Pearson Chi-
Square value was 22.06 and the P value was < 0.001 
denoting strong agreement between the PET/CT find-
ings and the standard of references (Table 3).

The diagnostic accuracy of the CT and PET/CT 
for the study-based statistical analysis is shown in 
(Table 4).

One false positive study was that of a patient with 
left scapular chondrosarcoma. PET/CT study was per-
formed 3 months after left upper limb amputation and 
left scapulectomy and revealed FDG avidity at the oper-
ative bed with associated cystic lesion having active 
margin with SUVmax ~ 4.1, this lesion was thought to 
be residual/recurrent tumor. However, it was confirmed 
by CT scan that it is post-operative sequel. Follow-up 
PET/CT study of the same patient revealed resolution 
of this lesion.

The other false positive study was that of a patient 
with right femur osteosarcoma. PET/CT study was per-
formed 4  months after surgical removal of the tumor 

Fig. 4  A 33 years old female patient with biopsy-proven left tibial Ewing sarcoma. She underwent an above-knee amputation and received chemo 
and radiotherapy that ended 1 year ago. The patient was referred for follow-up and detecting any viable tumors. A, B Axial CT, C, D Axial PET, and 
E, F Axial fused PET/CT images show no metabolically active local recurrent tumor at the operative bed, but a metabolically active FDG avid left 
femoral large lymph node is seen with SUVmax ~ 6.48
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and revealed metabolically active FDG avid right ingui-
nal lymph nodes with SUVmax ~ 3.9, however, these 
lymph nodes had benign looking on localization CT. 
Three months later, follow-up CT scan revealed nearly 
total resolution of the lymph nodes with no treatment.

The false negative study was that of a patient with 
right tibial angiosarcoma. PET/CT study was performed 
1 month after right lower limb amputation and revealed 

low grade FDG avidity at the amputation stump with 
SUVmax ~ 2.4, it was considered post-operative changes. 
Two months later, follow-up PET/CT study revealed evi-
dent soft tissue lesion at the operative bed with increased 
FDG avidity (SUVmax ~ 4.6) denoting tumor recurrence.

Regarding to the final outcome of the 33 PET/CT 
studies depending on the standard reference, residual/
recurrent disease was found in 17 patients (true positive 

Table 1  Results of primary staging in the studied 7 patients with primary malignant bone tumors

Type of tumor PET/CT findings TNM staging Group staging

Left rib chondrosarcoma Metabolically active left chest wall mass > 8 cm (SUVmax ~ 10.4) with pulmo-
nary metastases and hilar LNs metastases (SUVmax ~ 12 and 7.2 respectively)

T2 N1 M1 IVB

Right rib chondrosarcoma Metabolically active right 6th rib expansile lesion (SUVmax ~ 5.6) T1N0 M0 IA

Right distal humerus chondrosarcoma Metabolically active distal humerus mass > 8 cm (SUVmax ~ 12.2) with axillary 
LNs, mediastinal LNs and lung metastases (SUVmax ~ up to 4.9, 6.4, and 2.7 
respectively)

T2 N1 M1a IVB

Right iliac chondrosarcoma Metabolically active tumor confined to right iliac bone > 8 cm with extraosse-
ous soft tissue component (SUVmax ~ 11.8)

T2 N0 M0 IIB

Right mandible fibrosarcoma Metabolically active tumor confined to right mandible < 8 cm (SUVmax ~ 6.8) T1 N0 M0 IA

Right humerus Ewing sarcoma Metabolically active mottled osseous texture of right humeral head and 
neck > 8 cm (SUVmax ~ 7.3) with lung metastases (SUVmax ~ up to 3)

T2N0M1a IVA

Left iliac chondrosarcoma Metabolically-active left iliac lesion > 8 cm (SUVmax ~ 8.3) with multiple lytic 
bone metastases and lung metastases (SUVmax ~ up to 12.4 and 6.8 respec-
tively)

T2N0M1b IVB

Table 2  Comparison between the results of the CT findings and those of a reference standard in the post-treatment group

χ2, chi-square test; P-value, probability

*Significant P value (< 0.05)

Cases A reference standard results χ2 P-value

CT results  − ve  + ve

No % No %

 − ve True – ve False − ve 16.07  < 0.001*

13 39.4 2 6.1

 + ve False + ve True + ve

3 9 15 45.5

Table 3  Comparison between the results of the 33 PET/CT studies and those of a reference standard in the post-treatment group

χ2, chi-square test; P-value, probability

*Significant P value (< 0.05)

Cases A reference standard results χ2 P-value

PET/CT results  − ve  + ve

No % No %

-ve True –ve False −ve 22.06  < 0.01*

13 39.4 1 3

 + ve False + ve True + ve

2 6.1 17 51.5
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cases) varying from locoregional tumor residual/recur-
rent lesions in 5 patients, locoregional lymph nodes in 2 
patients and distant metastatic lesions in 13 patients.

The distant metastatic lesions in 13 patients were var-
iable according to the site of metastases; pulmonary (8 
patients), osseous (4 patients), nodal (3 patients), and 
muscular deposits (1 patient) and all lesions were con-
firmed by imaging.

According to the detected metastatic osseous lesions 
in the post-treatment group, all the lesions were FDG 
avid with an average SUVmax. 10.59 ± 5.31 (ranged 
from 3.9 to 19.2). The lesions were lytic in nature on 
CT images in 3 patients. In only 1 patient with right 
distal femoral osteosarcoma, follow up PET/CT study 
revealed recurrent tumor at the operative bed in addi-
tion to FDG avid metastatic osseous lesions with no 
CT structural bony changes (Fig.  3) denoting PET/CT 
superiority to CT in detecting early bony lesions before 
appearance of anatomical changes.

Among the detected metastatic pulmonary lesions, 
there were many pulmonary nodules with no FDG 
avidity on PET/CT study especially those with size less 
than 1 cm.

Discussion
Primary malignant bone tumors have an elevated rate 
of glycolysis and, consequently, a high uptake of 18F-
FDG in malignant cells. Yet, FDG uptake alone is not 
adequate for characterization of primary bone tumors. 
Also, CT modality relies on morphological criteria as 
size and contrast enhancement pattern that does not 
accurately reflect the presence of active malignant con-
ditions. The hybrid imaging modality PET/CT allows 
assessing molecular as well as morphologic information 
at the same time. So, PET/CT represents an efficient 
tool for whole-body staging and re-staging within one 
imaging modality [13, 14].

After random selection of the 40 patients in this 
study, they were categorized according to the indication 

of PET/CT study into pre-treatment group (7 patients) 
for primary staging of the tumor and post-treatment 
group (33 patients) either for detection of recur-
rent tumor in 14 patients or assessment of treatment 
response in 19 patients.

El-Galaly et  al. [15] considered that the advantages 
of PET/CT in the diagnosis of different stages of bone 
tumors were accurate localization of the lesion, detec-
tion of the smaller lesion, and differentiating the benign, 
malignant and different stages of the tumor.

In the pre-treatment group in our study, PET/CT had 
an effective role in changing the total TNM staging in 2 
patients (28.6%) with sarcomas; CT scan defined lymph 
nodes that were considered malignant while PET/CT 
revealed no corresponding FDG avidity; PET/CT pro-
vides a non-invasive method for well-characterization 
of the lesions that help in systemic therapeutic decision-
making [16].

In a study performed by Tateishi et  al. [17] on 50 
patients with histologically proven bone sarcomas, nodal 
metastasis was correctly assessed in 48 patients (96%) 
with PET/CT, in contrast to 46 patients (92%) with CT. 
By adding information from conventional imaging to the 
PET/CT findings in another study by Tateishi et al. [18], 
they could achieve accurate staging in 60 of 69 patients 
(87%), upstaging in (12%) and downstaging in (1%) of sar-
coma patients.

In this study, PET/CT studies were performed in 33 
patients after treatment, either radiation, chemotherapy, 
combined chemo-radiotherapy or surgery, to exclude 
the presence of any viable tumor; recurrent/or residual 
lesions, locoregional lymphadenopathy and distant meta-
static lesions and also to assess the treatment response. 
Twenty eight patients (84.8% of them) underwent previ-
ous surgical excision of the tumors as the first choice of 
treatment of malignant bone tumors is surgical whether 
it is followed by medical treatment or not [19].

FDG-PET-CT is highly useful for monitoring response 
to therapeutic interventions. It can identify response to 
therapy earlier than any other imaging modality improv-
ing patient management by allowing termination of inef-
fective and toxic therapies. It allowed better evaluation 
of anatomic regions that have been previously treated by 
surgery or radiation in which the differentiation between 
post-treatment scar and recurrent tumor may be a big 
challenge [20].

We reported higher sensitivity of PET/CT compared to 
CT in detection of local tumor recurrence/residue, it has 
higher ability to differentiate between post-surgical tis-
sue changes and early local recurrences, and also it was 
not affected by metallic artifacts which degraded the CT 
quality of image.

Table 4  Diagnostic accuracy of PET/CT versus CT in the studied 
33 patients with primary malignant bone tumors in the post-
treatment group dependent on statistical analysis

Statistical analysis PET/CT (%) CT (%)

Sensitivity 94.4 88.2

Specificity 86.7 81.2

PPV 89.5 83.3

NPV 92.8 86.6

Accuracy 90.9 84.8
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This study demonstrated PET/CT sensitivity of 94.4% 
and specificity of 86.7% with accuracy of 90.9% com-
pared to CT sensitivity of 88.2% and specificity of 81.2% 
with accuracy of 84.8%. These results were comparable 
to those of Liu et  al. [19] in their meta-analytical study 
of twenty six studies in the effectiveness of PET/CT in 
recurrence and metastases formation observations of 
osteosarcoma that reported PET/CT sensitivity of 91%, 
specificity of 90%, and accuracy of 94%.

Our results matched also with those of Schulte et  al. 
[21] who studied 44 patients with malignant bone tumors 
showing PET/CT sensitivity of 93%, specificity of 76.7%, 
and accuracy of 81.7% in detecting recurrent disease and 
re-staging patients with primary bone tumors.

One of the false positive results in the present study 
was in the form of post-operative changes that was mis-
diagnosed as recurrent tumor, but resolved on follow-up. 
Kumar et  al. [22] realized that post-surgical inflamma-
tory oedema, scarring and granulation tissue can cause 
increased FDG uptake making the interpretation of 
PET/CT studies very difficult. Also, even if PET/CT is 
obtained after 12 weeks following completion of chemo-
radiation, false-positive findings may still occur and are 
caused by post- chemo-radiation, inflammation, oedema, 
hyperaemia, fibrosis and loss of tissue planes and the 
presence of post-treatment inflammatory tissue can 
cause increased FDG uptake which may be misdiagnosed 
as residual tumor [23].

In one case in our study, multiple bone deposits have 
been developed in the form of FDG avidity with no cor-
responding anatomical changes on localization CT. In 
their study on the efficiency of PET/CT in evaluation of 
skeletal deposits, Wafaie et al. [24] detected a considera-
bly large number of missed (false negative) lesions on CT 
images due to absence of any detectable structural abnor-
malities with a high metabolic activity of such lesions on 
fused PET/CT images. This is attributed to the ability of 
PET to detect bone marrow based metastases early and 
in the absence of morphologic changes on CT images; 
thus improving CT sensitivity.

Also, a lesion based analysis was performed in detailed 
retrograde matter for a total of 386 detected osseous 
lesions in a study performed by Ali and Abd Elkhalek [25] 
that showed higher sensitivity of PET/CT study than CT 
study alone (100% and 93.9% respectively) in detection 
of osseous metastases due to the presence of active osse-
ous deposits without structural abnormalities, that were 
falsely interpreted as negative by CT.

In patients with bone sarcoma, the lungs are at high-
est risk for distant metastases. Franzius et al. [26] stated 
that PET alone is not sufficient for detection of small lung 
metastases likely due to respiratory movements during 
the PET acquisition. Other causes are that FDG-negative 

lung metastases can be small in size and have decreased 
FDG avidity.

According to the detected metastatic pulmonary 
nodules in this study, multiple nodules especially 
smaller than 1 cm were beyond PET resolution and had 
no corresponding FDG uptake and thus the PET-only 
scans were inferior to diagnostic CT for detecting lung 
lesions. So, the PET/CT protocol should include a diag-
nostic lung CT in bone tumors patients [27].

London et  al. [28] compared PET/CT with conven-
tional imaging (CT, MRI, ultrasound, and bone scan) 
in a study that included 314 lesions on 86 scans, they 
reported that PET/CT had a higher sensitivity (98% vs 
83%) and specificity (97% vs 78%) than did conventional 
imaging for detecting distant metastases, with the 
exception of pulmonary nodules; regarding pulmonary 
nodules, PET/CT was found to have a higher specific-
ity (96% vs 87%) but lower sensitivity (80% vs 93%) than 
did conventional imaging.

In those who underwent medical treatment in the 
present study, PET was able to detect regression in 
FDG avidity and decreased SUV in one patient with left 
iliac Ewing sarcoma which showed no CT morphologi-
cal changes. Rashad et al. [29] in their study which per-
formed FDG PET in 18 pediatric sarcoma patients prior 
to and after neoadjuvant chemotherapy that an overall 
tumor SUV and SUVmax. on post-treatment 18F-FDG 
PET/CT scans were more accurate for the assessment 
of treatment response than changes in tumor size.

This is considered one of the powerful advantages of 
FDG PET/CT; it can determine therapeutic response 
through early identification of bad responders [30]. 
This gives the chance to modify or extend preopera-
tive chemotherapy while overcoming any delay related 
to surgery or histopathologic analysis of the resected 
specimen.

The main limitation in this study was the relative small 
number of included subjects that might cause some 
missed diagnosis and misdiagnosis not giving full idea 
about the diagnostic efficacy of PET/CT. Also, statistical 
tests could not be able to identify significant relationships 
within various data set, as the relationship between PET/
CT findings and different types of primary malignant 
bone tumors.

Conclusions
Combined PET/CT facilitated localization of bone 
tumors, bone tumors metastases and differentiation 
between benign and malignant lesions depending on 
provided combined metabolic and morphologic data and 
thus it was important in diagnosis, primary staging and 
restaging of primary malignant bone tumors.
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We recommend close or long time follow-up of the 
disease by PET/CT with histologic correlation to all 
lesions to get more benefit from SUVmax. in evaluation 
of tumoral lesions, loco-regional lymph nodes or distant 
metastatic lesions.
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