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Abstract. With the wide application of radiation therapy 
for malignant tumors and the continuous improvement of 
comprehensive treatment effect, the survival period of patients 
has been prolonged, while the incidence of radiation‑induced 
osteosarcoma (RIOS) has gradually increased. Compared 
with primary osteosarcoma, RIOS has a higher degree of 
malignancy and poorer prognosis, severely impacting patient 
survival. Currently, there are relatively few case reports on 
RIOS and the understanding of its imaging characteristics 
remains incomplete. A patient with esophageal cancer 
who was found to have thoracic paravertebral masses six 
years after receiving radiotherapy was encountered at Zhuji 
People's Hospital (Zhuji, China). Computed tomography (CT), 
magnetic resonance imaging and positron emission tomog‑
raphy/CT all indicated the presence of the malignant tumors. 
Subsequently, the patient was hospitalized for CT‑guided 
puncture biopsy of thoracic paravertebral masses. Through 
multidisciplinary discussions in the departments of Medical 
Oncology, Orthopedics, Radiology and Pathology, a consensus 
was finally reached on RIOS. In conclusion, RIOS is a severe 
and relatively rare complication of radiotherapy with a poor 
prognosis. In its early stage, it is easily confused with bone 
changes after radiotherapy and appearance deformities after 
surgery. Neoplastic bone is the primary imaging feature of 
RIOS of esophageal cancer. By combining the patient's radio‑
therapy history and laboratory examinations, the diagnostic 
accuracy for this disease could be improved.

Introduction

As one of the important treatment methods for malignant 
tumors, radiotherapy has provided significant survival 
benefits to numerous patients due to its remarkable clinical 
efficacy (1,2). With advancements in radiotherapy technology, 
patients' survival periods have gradually increased; however, 
ionizing radiation has also introduced serious complica‑
tions. Radiotherapy plays a crucial role in the management 
of malignant tumors, with its primary advantage being its 
ability to effectively control local tumors and reduce systemic 
side effects (3). For example, in the treatment of skull base 
malignant tumors, multiple radiosurgical procedures have 
demonstrated high tumor control rates and progression‑free 
survival (4). Nevertheless, despite continuous technological 
progress, ionizing radiation still presents certain challenges. 
Firstly, radiotherapy may induce radioresistance in tumors, 
which is associated with cancer stem cells within the tumor 
microenvironment. These cells can lead to tumor recurrence 
and metastasis post‑radiotherapy (5). Additionally, internal 
irradiation caused by radionuclides and external irradiation 
from radiotherapy can damage adjacent bones and soft tissues, 
resulting in issues such as growth disturbances, bone marrow 
fibrosis, radiation‑induced osteoarthritis, osteonecrosis, patho‑
logical fractures and rare malignant tumors (6,7). The incidence 
of radiotherapy‑induced malignant tumors remains relatively 
low, primarily classified into carcinoma and sarcoma. Among 
these, carcinoma most commonly manifests as squamous cell 
carcinoma (8), while sarcomas are more frequently represented 
by osteosarcoma and fibrosarcoma (9,10). Although radio‑
therapy is an effective cancer treatment, one of its potential 
adverse effects is the induction of secondary malignant tumors. 
Studies indicate that squamous cell carcinoma and sarcoma are 
the most prevalent types of malignant tumors occurring after 
radiotherapy (11,12). For sarcomas, particularly osteosarcoma 
and fibrosarcoma, their incidence following radiotherapy is 
low; however, their prognosis is generally poor. Research 
suggests that the development of osteosarcoma post‑radio‑
therapy correlates with the radiation dose and latency period, 
often manifesting many years after treatment (13). Compared 
to primary osteosarcoma, radiation‑induced osteosarcoma 
(RIOS) exhibits higher malignancy and poorer prognosis, 
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significantly impacting patient survival. Currently, case 
reports on RIOS are limited (14‑17) and the understanding of 
its imaging features remains incomplete. Radiation‑induced 
osteosarcoma is a rare but highly aggressive complication of 
radiotherapy, particularly in the head and neck region. Studies 
have shown that the latency period for radiation‑induced osteo‑
sarcoma averages 11.79 years, with a poor prognosis‑72.3% 
of patients die within 23 months of follow‑up (18). Due to its 
rarity and complex imaging characteristics, early diagnosis 
of radiation‑induced osteosarcoma remains challenging (19). 
Non‑invasive imaging modalities are crucial in diagnosing 
radiation‑induced osteosarcoma. Techniques such as magnetic 
resonance imaging (MRI) and computed tomography (CT) 
provide detailed information on tumor distribution, tissue 
characteristics and invasion extent (20). Furthermore, hybrid 
imaging technologies like PET/CT and PET/MRI offer func‑
tional insights into tumor biology and enhance diagnostic 
accuracy (21). In summary, non‑invasive imaging methods 
are vital for diagnosing radiation‑induced osteosarcoma. The 
present study reports a rare case of radiation‑induced osteosar‑
coma and, in conjunction with relevant literature, analyzes and 
discusses its imaging and clinical features.

Case report

Patients. A 64‑year‑old male patient who underwent gastros‑
copy at Zhuji People's Hospital (Zhuji, China) in February 2017 
with the complaint of ‘foreign body sensation while swallowing’, 
presented with a firm mucosal swelling located 30 cm from the 
incisor in the mid‑esophagus, raising suspicion of esophageal 
cancer (Fig. 1). The plain and contrast‑enhanced chest computed 
tomography (CT) scan indicated middle thoracic esophagus 
occupation (Fig. 2). Subsequently, a radical surgery for esopha‑
geal cancer was performed. Postoperative pathology indicated a 
poorly differentiated squamous cell carcinoma of the medullary 
type of the esophagus, infiltrating into the fibrous tissue of the 
outer membrane; vascular tumor thrombi were observed and 
two lymph node metastases adjacent to the left recurrent laryn‑
geal nerve, while no lymph node metastasis adjacent to the right 
recurrent laryngeal nerve, subcarina, azygos vein, perigastric 
and esophagus was detected. After excluding any contraindica‑
tions for chemoradiotherapy, the patient subsequently received 
postoperative adjuvant radiotherapy targeting the esophageal 
cancer bed area, mediastinum and supraclavicular lymph node 
drain area: The planning target volume was 5,600 cGy/28F. 
Concurrently, four cycles of ‘tegafur plus nedaplatin’ (tegafur 1 g 
d1‑3 + nedaplatin for injection 40 mg d1‑3 + calcium levofolinate 
100 mg d1‑3, Q3w) were administered. Follow‑up plain chest CT 
scan showed no significant thickening of the anastomotic tube 
wall and no obvious space‑occupying lesions in adjacent tissues 
(Fig. 3). In May 2023, due to ‘back discomfort’, the patient 
underwent a plain CT scan of the thoracic vertebrae (Fig. 4) and 
a contrast‑enhanced magnetic resonance imaging (MRI) scan 
of the thoracic vertebrae (Fig. 5). These investigations indicated 
an osteogenic mass adjacent to the right edge of the thoracic 3‑5 
vertebrae, suggesting malignancy. An 18F‑fluorodeoxyglucose 
(FDG)‑positron emission tomography (PET)/CT scan indicated 
a heterogeneous dense mass shadow near the right edge of the 
T3‑T5 vertebral bodies with increased FDG uptake (Fig. 6), 
suggestive of a malignant tumor. Laboratory tests showed 

carbohydrate antigen 125 at 8.71 U/ml (upper limit of normal, 
0‑35 U/ml) and alkaline phosphatase (ALP) at 50 U/l (normal 
range, 40‑160 U/l). The patient was subsequently admitted to the 
hospital and a CT‑guided puncture biopsy of the thoracic para‑
vertebral masses was performed. The pathology report (H&E 
staining was performed according to standard procedures) 
indicated the presence of anaplastic sarcoma cells and osteoid 
matrix produced by sarcoma cells, and tumorous bone (Fig. 7).

Immunohistochemical (IHC) method. Tissue sections, 3 µm 
thick, fixed in 10% neutral buffered formalin at 25˚C for 12 h, 
were embedded in paraffin. Staining was performed using the 
DAKO Autostainer Link 48 system (Agilent Technologies, 
Inc.). The primary antibodies, all ready‑to‑use reagents, were 
sourced from Guangzhou Anbi Ping Medical Laboratory Co., 
Ltd. and provided at a ready‑to‑use dilution, including CD34 
(cat. no. IR034), ERG (cat. no. IR351), CD20 (cat. no. IPM028), 
paired box 5 (PAX‑5) (cat. no. IR128), CD138 (cat. no. IM048), 
CD38 (cat.  no.  IM213), Kappa (cat.  no.  IM363), Lambda 
(cat. no. IM099), low molecular weight cytokeratin (CAM5.2) 
(cat. no. IM271), Ki67 (cat. no. IR098), P40 (cat. no. IR345), 
P63 (cat. no. IM383), programmed cell death ligand 1 (PD‑L1) 
(cat. no. M3666), cytokeratin (CK) (cat. no. IM067), smooth 
muscle actin (SMA) (cat. no. M005), CD99 (cat. no. IR045), 
Vimentin (cat. no.  IM142), Desmin (cat. no.  IM071), S100 
(cat. no. IM135), EMA (cat. no. IM074) and placental alkaline 
phosphatase (PLAP) (cat. no. IM131). All primary antibodies 
and tissue samples were incubated at 25˚C for 30 min. The 
secondary antibody, a ready‑to‑use reagent, was obtained 
from Agilent Technologies Singapore, utilizing the EnVision 
FLEX+ IHC detection system, Mouse, High pH (prediluted by 
the manufacturer; cat. no. K8002; Agilent Technologies, Inc.). 
Endogenous peroxidase activity was blocked with hydrogen 
peroxide blocking reagent (cat. no. SM801; DAKO; Agilent 
Technologies, Inc.) at 25˚C for 5 min, followed by incubation 
with EnVision FLEX/HRP at 25˚C for 20 min (cat. no. SM802; 
DAKO; Agilent Technologies, Inc.). DAB chromogen was 
applied at 25˚C for 5 min (cat. no. DM827; DAKO; Agilent 
Technologies, Inc.). The IHC test showed CD34 (‑), ERG (‑), 
CD20 (‑), PAX‑5 (‑), CD138 (+), CD38 (‑), kappa (‑), lambda (‑), 
CAM5.2 (‑), BCOR (‑), Ki‑67 (+) 50%, p40 (‑), P63 (‑), PDL‑1 
(22C3) (‑), CK (pan) (‑), SMA (‑), CD99 (‑), Vimentin  (‑), 
Desmin (‑), S‑100 (‑), EMA (‑) and PLAP (‑) (Fig. 8). 

Combining the pathological and IHC findings, the 
diagnosis was consistent with osteosarcoma. After multidis‑
ciplinary discussions involving the departments of oncology, 

Figure 1. Target area and dose distribution map after esophageal cancer 
surgery. The yellow area represents the 4,500 cGy dose distribution area, 
which highly overlaps with the osteosarcoma area.
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orthopedics, radiology and pathology, based on imaging 
characteristics, histological examination and a history of 
radiotherapy, a consensus diagnosis of RIOS was reached. 
After multidisciplinary discussions, surgical resection of the 
tumor was recommended; however, the patient refused further 
treatment. Follow‑up concluded at the end of October 2023, by 

which time the patient had become paraplegic and declined 
any additional examinations or interventions.

Discussion

RIOS mostly occurs in regions with high radiation doses. 
Certain studies have found that the incidence of induced 
osteosarcoma is proportional to the radiation dose, with total 
doses of 55 Gy and above increasing the risk (22,23). The 
radiotherapy dose reported in the present study was 56 Gy. 

Figure 4. Postoperative CT images of esophageal carcinoma. (A) Thoracic 
spine CT scan shows no significant thickening of the anastomotic wall (fine 
arrow), with irregular dense shadows observed near the right edge of the 
thoracic vertebra (coarse arrow); the margins are indistinct and blurred, 
with patchy high‑density tumor ossification visible internally. (B) Thoracic 
spine CT scan reveals no significant thickening of the anastomotic wall (fine 
arrow), with irregular dense shadows near the right edge of the thoracic 
vertebra (coarse arrow) and a central patchy low‑density area. Sclerosis of the 
adjacent vertebral bodies and ribs is also present. CT, computed tomography

Figure 2. CT images of esophageal cancer. (A) Plain scan shows focal thickening of the middle thoracic esophagus. (B and C) Enhanced images show moderate 
enhancement of the middle thoracic esophagus (the yellow arrow points at the cancerous lesion). (B) Arterial phase: The lesion exhibits mild enhancement, 
with the degree of enhancement generally lower than that of the normal esophageal wall. (C) Venous phase: The lesion shows persistent enhancement, slightly 
increased compared to the arterial phase but still less than the normal esophageal wall enhancement.

Figure 3. CT images after the surgery for esophageal cancer. (A) Mediastinal 
window on chest CT plain scan indicating no significant thickening of the 
anastomotic canal wall. (B) No obvious bone abnormalities of the thoracic 
vertebrae were found in the bone window (the yellow arrow indicates the 
anastomosis site after surgery).

Figure 5. MR image of after esophageal cancer surgery. (A) T2WI shows 
that no obvious thickening of the anastomotic tube wall (thin arrow) and 
mass shadows (thick arrow) with patches of low signal can be seen inside. 
(B) T1WI shows that the lesion is located near the right margin of thoracic 
vertebrae 3‑5 with a less equal signal. (C) Enhanced transverse view and 
(D) enhanced sagittal view scans demonstrate the lesion (indicated by the 
thick arrow) exhibiting marked heterogeneous enhancement, with the periph‑
eral enhancement significantly more pronounced than the central area. The 
margins are ill‑defined and the lesion involves adjacent vertebral bodies and 
ribs. T1WI, T1‑weighted imaging.
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Osteosarcoma occurring in regions with high radiation doses 
may also present as a second primary tumor rather than a radi‑
ation‑induced tumor. Distinguishing between the two using 
current technologies is challenging. At present, the diagnosis 
of RIOS still follows the four diagnostic criteria proposed 
earlier by Cahan et al (24) and Arlen et al (25), which are: i) 
The site of the induced tumor has no evidence of malignancy 
prior to irradiation; ii) the induced tumor must occur within or 
adjacent to the radiation field; iii) the histological type of the 
tumor is different from that of the primary tumor; and iv) there 
is an incubation period of at least five years. In the present 
case report, there was no evidence of malignant tumor before 
radiotherapy. The lesion was located within the radiation field 
and osteosarcoma was found six years after radiotherapy, all 
of which conformed to the above diagnostic criteria. RIOS is 
classified as a rare disease, which has been reported mostly 
in the form of individual cases in domestic and international 
literatures. According to the previous literature, RIOS is 
a rare clinical entity considered to be a complication of 
radiation therapy with a poor prognosis. Its incidence rate is 
0.01‑0.03% of all radiation patients (26,27) and 5.5% of all 
osteosarcomas (27). Radiotherapy can cause adjacent bone 
injury, mainly including myelofibrosis, radiation‑induced 
osteitis, osteonecrosis and pathological fracture, making early 
identification of osteosarcoma particularly crucial (6,7). In 
addition, it is still unclear whether there are differences in 
imaging findings between RIOS and primary osteosarcoma. 

For the preparation of the present study (28,29), domestic and 
international literature was reviewed and the CT and MRI 
imaging features were summarized as follows: i) Neoplastic 
bone formation: This is the most characteristic imaging feature 
of the disease. Due to the high‑density resolution of CT, the 
increased density of neoplastic bone can be clearly displayed, 
which may appear as flocculent or patchy. In pronounced 
cases, it can present as large ivory osteomas with consider‑
able tumor visible even within the soft tissue mass. Therefore, 
CT has obvious advantages in displaying neoplastic bone and 
tumor cartilage calcification (particularly small neoplastic 
bone and calcification) compared to X‑ray and MRI. On MR 
T1‑weighted imaging (T1WI) and T2WI, neoplastic bone often 
appears with a low signal. Various shapes of neoplastic bone 
formation were observed in case reports by Kappel et al (30), 
Mahmood et al (31) and Venkatraman et al (32), as well as in 
the present case, with a wide range of sizes and shapes. ii) Bone 
destruction: On CT, this presents as osteolytic, osteoblastic 
or mixed bone destruction within the tumor, with the cortex 
exhibiting a moth‑eaten appearance of bone defects. On MRI, 
bone destruction was indicated by low‑signal bone cortex with 
the appearance of soft tissue signals, with partial or complete 
disappearance of the cortex. iii) Periosteal reaction: On CT, this 
can appear as acicular or radial, onion‑skin periosteal reactions 
and the Codman triangle being rare, which may be speculated 
to be related to the location of the tumor. The periosteal 
hyperplasia showed a low signal on both T1WI and T2WI. iv) 
Soft tissue mass: Compared with CT, MRI has the capability 
of multi‑sequence, multi‑parameter and multi‑orientation 
imaging, offering high tissue resolution. It is not affected by 
tumor osteogenesis and can comprehensively and accurately 
determine the extent of the tumor, commonly presenting as a 
low signal on T1WI and a slightly low or high signal on T2WI. 
After enhancement, it demonstrates significant heterogeneous 
enhancement with the enhancement rate of the tumor tissue 
edges being significantly higher than that of the central area, 

Figure 6. 18F‑FDG‑PET/CT scan. Upper left, CT axial image demonstrating 
an irregular, dense lesion near the right lateral border of the thoracic 
vertebrae (T3‑T5), measuring ~2.4x3.9x4.5 cm, with indistinct and blurred 
margins. Upper right, PET image showing a conspicuous irregularly shaped 
high FDG uptake area corresponding to the lesion seen on the CT, with 
SUVmax/average=14.8/9.7. Lower left, fused PET/CT image revealing 
complete concordance between the abnormal dense lesion on CT and the high 
FDG uptake region on PET. Lower right, PET Maximum Intensity Projection 
image displaying the distribution of FDG uptake throughout the body, with 
a prominent hypermetabolic lesion in the thoracic region (corresponding to 
T3‑T5). FDG, fluorodeoxyglucose; PET, positron emission tomography; CT, 
computed tomography; SUV, standardized uptake value; max, maximum; 
avg, average.

Figure 7. Puncture pathology showed that the lesion tissue contained 
anaplastic sarcoma cells and osteoid matrix produced by sarcoma cells. The 
anaplastic sarcoma cells were fusiform, round‑like, with medium eosino‑
philic cytoplasm, obvious nuclear atypia and giant tumor cells. Eosinophilic 
neoplastic braided bone and osteoid matrix can be seen in the sarcoma cells 
and there is no osteoblast coating around it (H&E; magnification, x100).
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but without specificity. 18F‑FDG PET/CT imaging can obtain 
PET, CT and fused images, providing functional, metabolic 
and precise anatomical structural changes, confirming each 
other. Since RIOS can produce different amounts of new 
bone‑like bone tissue and is richly supplied with blood, 
PET/CT can not only show the characteristic neoplastic bone 
on CT but also show the high uptake of imaging agents. In 
general, a higher uptake of 18F‑FDG is associated with a 
higher malignant degree of the tumor, which can be used to 
evaluate the degree of malignancy of RIOS. It can also detect 
distant metastasis. Therefore, 18F‑FDG PET/CT imaging can 
be used for tumor staging, efficacy evaluation and monitoring 
of local recurrence or distant metastasis after systemic treat‑
ment (33,34). In addition, monitoring serum ALP is also an 
effective method to assist the diagnosis of RIOS (35,36). ALP 
is a glycoprotein that can accurately reflect the level of osteo‑
blastic activity. Osteoblasts are rich in ALP and any factor 
that induces osteoblastic proliferation and vigorous activity 
can cause an increase in serum ALP activity. Therefore, a 
significant increase in ALP can be observed in patients with 
RIOS. However, no elevation of ALP was observed in the 
present report. In this case, ALP levels were not elevated, 
which diminishes the reliability of ALP as a key biomarker. 
Literature generally considers elevated ALP an important indi‑
cator of osteosarcoma, particularly the osteoblastic subtype, as 
tumor‑induced bone formation releases ALP. However, a nega‑
tive ALP result does not exclude RIOS and clinicians should 
be cautious of its potential false‑negative rate when used as 
a diagnostic tool. The absence of ALP elevation may be due 
to low osteoblastic activity within the tumor, differences in 
tumor cell differentiation‑where poorly differentiated tumors 
may lack ALP secretion‑ or individual metabolic variations 
and comorbidities that interfere with ALP levels. The lack 
of synchronous ALP elevation in this case underscores the 
biological heterogeneity of RIOS. While normal ALP levels 
do not rule out RIOS diagnosis, they highlight the limitations 
of relying on a single biomarker. Clinical practice should move 
away from overdependence on ALP and instead emphasize a 
combined diagnostic approach integrating imaging, clinical 
history and pathology. Future research should focus on eluci‑
dating the heterogeneity mechanisms of RIOS and identifying 
more reliable biomarkers.

The present study has certain limitations. It is based solely 
on a single case, lacking support from large sample sizes or 
multicenter data, which may restrict the generalizability of 

the findings. The present study focuses on diagnostic and 
radiological features and does not address treatment strate‑
gies or efficacy data, thus providing limited direct guidance 
for precise clinical management. In this case, the patient's 
ALP levels were not elevated, possibly due to the fact that the 
patient is an elderly male with a slower bone metabolic rate 
and inherently low baseline ALP levels, making mild eleva‑
tions difficult to detect. In addition, the tumor was small and 
localized, likely resulting in insufficient ALP release into the 
bloodstream. Future studies should include a larger number of 
cases and more comprehensive clinical data, integrating other 
biomarkers and molecular biological evidence, such as genetic 
information, to better inform clinical treatment approaches.

In conclusion, this disease is relatively rare and easy to be 
misdiagnosed, which requires high attention from clinicians. 
Based on this case and previous literature reports, it is suggested 
that patients with a history of radiotherapy for malignant tumors 
should undergo regular imaging examinations. If a new mass 
appears within the radiation field, ALP is elevated and imaging 
exams indicate osteoblastic changes in the lesion, clinicians 
should consider the possibility of RIOS. PET/CT imaging can 
comprehensively detect the location, scope and metabolism 
of the lesion, and at the same time evaluate the malignancy, 
providing a reliable imaging basis for subsequent treatment.
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