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Abstract. Multiple primary malignant neoplasms (MPMNs) 
are two or more independent cancer types arising in 
different organs, either at the same time or one after 
another. Diagnosing MPMNs is often difficult as multiple 
organs can be involved and early symptoms may be subtle or 
absent. The present study reports the case of a 79‑year‑old 
man with a recurrent left forearm mass whose 99mTc‑labeled 
methylene diphosphonate (99mTc‑MDP) three‑phase 
bone scan unexpectedly showed a classic ‘superscan’. 
Surgical pathology confirmed two primary malignancies: 
Subcutaneous myxofibrosarcoma and prostate cancer with 
extensive bone metastases. The present case illustrates 
how 99mTc‑MDP imaging, especially when combined with 
single photon emission computed tomography/computed 
tomography, can reveal both soft‑tissue tumors and diffuse 
skeletal involvement, thereby improving early detection of 
MPMNs.

Introduction

Multiple primary malignant neoplasms (MPMNs) are defined 
as the presence of two or more histologically distinct primary 
cancer types arising in separate organs or anatomical sites 
in the same patient (1‑4). Although the reported incidence of 
MPMNs in China remains low (ranging from 0.4 to 2.4%) it 
has steadily increased in recent years owing to advances in 
imaging and diagnostic methodologies  (4‑6). The widely 
accepted diagnostic framework combines the original 
Warren criteria (1) with the modifications from Liu et al (2), 
which stipulate that: i) Each neoplasm must be confirmed as 
malignant by histopathology; ii) each neoplasm must display 
unique pathological features; iii)  tumors must develop in 
non‑contiguous locations; and iv) each tumor must demon‑
strate an independent pattern of metastasis, thereby excluding 
secondary spread or recurrence. Nevertheless, clinicians 
frequently encounter challenges in differentiating multiple 
primary tumors from metastases due to overlapping clinical 
presentations, limitations of conventional imaging and diffi‑
culties in accurately determining tumor origin on pathological 
examination (7). These factors contribute to increased rates of 
both misdiagnosis and underdiagnosis.

In the present case report, the case of a 79‑year‑old male 
patient diagnosed with multiple primary malignant neoplasms 
is described. The coexistence of distinct malignancies posed 
substantial diagnostic challenges, particularly in differenti‑
ating primary lesions from potential metastatic disease. The 
present study highlights the utility of 99mTc‑labeled methylene 
diphosphonate (99mTc‑MDP) three‑phase bone imaging in 
providing integrated diagnostic information that facilitates 
accurate evaluation and clinical decision‑making.

Case report

Chief complaint. A 79‑year‑old male patient, who had a 
forearm lesion present for >5 years with recurrence noted 
in the past 6 months, was admitted to the Department of 
Joint Surgery at the Third Affiliated Hospital of Guangzhou 
Medical University (Guangzhou, China) in March 2024.

History of present illness. The patient first noticed a painless 
nodular lesion on the left forearm in 2020 without any apparent 
cause. After local excision, histopathology revealed nodular 
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fasciitis (Fig. S1). In 2021 (1 years later) the lesion recurred at 
the same site and grew to 6x4 cm. Despite the notable increase 
in size, the patient remained asymptomatic and underwent a 
skin tumor resection at the Department of Joint Surgery, The 
Third Affiliated Hospital of Guangzhou Medical University. 
The excised tissue was fixed in 4% neutral phosphate‑buffered 
formaldehyde solution at room temperature (~25˚C) for 24 h. 
The specimens were sectioned at a thickness of 4 µm and 
stained using hematoxylin and eosin (H&E) reagents [Roche 
Diagnostics (Shanghai) Co., Ltd.] at 25˚C for 8 h. The stained 
slides were examined under a light microscope (Olympus BX43; 
Olympus Corporation) at x100 magnification, and representa‑
tive images were captured for histopathological evaluation. 
Histopathological analysis revealed fibrous tissue proliferation, 
spindle‑shaped tumor cells with nuclear atypia and inflamma‑
tory cell infiltration, accompanied by myxoid degeneration, 
hemorrhage and frequent mitotic figures (4 per high‑power 
field) (Fig. S2). The differential diagnoses included nodular 
fasciitis and malignant mesenchymal tumor. At this time, the 
clinical diagnosis was a cutaneous tumor, and no further specific 
treatment was administered following the excision.

In December 2023 (onset time), the patient noticed two new 
lesions at the original site, measuring 3x3x2 and 2x2x1 cm. The 
overlying skin showed erythema and swelling, but no additional 
symptoms were reported. In March 2024, the patient presented 
to the Surgical Outpatient Clinic at the Third Affiliated Hospital 
of Guangzhou Medical University for evaluation. Throughout 
the course of the illness, the patient maintained normal bowel 
movements and stable mental status, but experienced urinary 
frequency and urgency, and occasional hematuria, without 
significant changes in sleep, appetite or weight.

Past medical and family history. The patient had no history 
of trauma, fractures, tumors or other relevant medical condi‑
tions. The patient had no family history of malignancy, and 
no history of exposure to carcinogenic chemicals, radiation 
or toxic substances. The patient also reported no history of 
smoking, alcohol use or illicit drug use.

Physical examination. On March 26, 2024, a physical exami‑
nation of the left forearm revealed a 6x4 cm subcutaneous 
lesion with well‑defined borders and an indurated, rubbery 
consistency. The lesion was partially movable upon palpation 
and was without any signs of inflammation. Palpation revealed 
two additional lesions in the left forearm. The larger lesion 
measured 3x3x2 cm with well‑defined borders and the smaller 
measured 2x2x1 cm with poorly defined borders. A longitu‑
dinal surgical scar was noted on the skin surface of the left 
forearm.

Preoperative laboratory tests. The preoperative laboratory 
tests revealed the following results: Red blood cell count, 
2.88x1012/l (reference range, 4.3‑5.8x1012/l); and hemoglobin, 
81 g/l (reference range, 130‑175 g/l). The white blood cell 
count, platelet count, coagulation profile and liver and kidney 
function tests were all within the normal limits.

Preoperative imaging. In April 2024, magnetic resonance 
imaging (MRI) of the left forearm demonstrated multiple 
irregular subcutaneous lesions on the dorsal aspect measuring 

46x27x60 and 38x12x72 mm. These lesions showed hypointen‑
sity on T1‑weighted imaging and heterogeneous signal intensity 
on T2‑weighted imaging and proton density‑weighted imaging, 
along with notable heterogeneous enhancement and poorly 
defined borders on contrast‑enhanced imaging (Fig. 1). Despite 
the indistinct margins, the lesions remained well‑demarcated 
from the adjacent muscles. The osseous structures appeared 
normal with an intact and continuous cortex. No evidence of 
destructive bony changes, osseous metastasis or abnormal 
signal intensity was observed. T1‑weighted contrast‑enhanced 
imaging revealed no abnormal bone enhancement (Fig. 1C, 
F, H  and  L). Although X‑ray, thin‑section bone window 
computed tomography (CT) and 3D‑CT were not performed 
due to financial constraints and clinical priorities, the absence 
of peri‑tumoral bone destruction on MRI definitively excluded 
direct osseous invasion, strongly suggesting local recurrence 
of the soft‑tissue sarcoma.

Concurrent 99mTc‑MDP three‑phase bone imaging revealed 
markedly increased perfusion to the left forearm following 
radiotracer injection, along with localized abnormal radiotracer 
uptake during the blood pool phase, suggesting the possibility of 
soft tissue pathology (Fig. 2A and B). Whole‑body bone imaging 
demonstrated diffusely increased skeletal radiotracer uptake, 
with multiple irregularly shaped, heterogeneous foci exhibiting 
moderate to high intensity in the cervical and thoracolumbar 
spine, bilateral ribs, pelvis and proximal femurs (Fig. 2C and D). 
Such imaging results are consistent with widespread bone metas‑
tasis, indicating extensive involvement and heterogeneous uptake 
across the skeletal system. The kidneys exhibited minimal tracer 
uptake, and the bladder showed limited concentration, resulting in 
a characteristic ‘superscan’ pattern (Fig. 2C and D). Single photon 
emission CT (SPECT)/CT fusion imaging confirmed multiple 
osteoblastic changes in the thoracolumbar spine, ribs and pelvis, 
along with soft‑tissue lesions in the dorsal left forearm showing 
reduced 99mTc‑MDP uptake, without evidence of significant bone 
involvement (Fig. 2C and D). Due to the financial constraints and 
advanced age of the patient, X‑ray, thin‑section bone window CT 
and 3D CT imaging were not performed.

Treatment process and follow‑up pathology. Following 
the 99mTc‑MDP whole‑body three‑phase bone scan, the left 
forearm lesion was highly suspected to be malignant, with 
augmented blood flow and increased bone metabolic activity. 
Nevertheless, the extensive bone metastases, indicative of 
multiple secondary lesions, are atypical for fibrosarcoma. In 
April 2024, a prostate‑specific antigen (PSA) test revealed a 
markedly elevated total PSA level of 563.864 ng/ml (reference 
range for age >80 years, 0‑8 ng/ml), raising a strong suspicion 
of an underlying malignancy. A subsequent CT scan demon‑
strated heterogeneous bone density with multiple sclerotic and 
lytic lesions in the hips and lumbar vertebrae, findings that 
are highly indicative of metastatic bone disease (Fig. 3A‑C). 
Additionally, significant prostate enlargement was identified 
(Fig. 3D), which, in conjunction with the elevated PSA levels 
and the extent of skeletal involvement, provided compelling 
evidence supporting the diagnosis of advanced prostate cancer. 
Pathological examination of the pubic bone biopsy confirmed 
metastatic adenocarcinoma consistent with a prostatic primary 
origin. The diagnosis of advanced prostate adenocarcinoma 
had been established previously, as aforementioned.
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Figure 1. Axial, coronal and sagittal MRI scans of the left forearm with multiple malignant tumors. (A) Axial T1‑ and (B) T2‑weighted images of the larger 
lesion. (C) Coronal T1‑weighted contrast‑enhanced image of entire lesion. (D) Axial T1‑ and (E) Axial T2‑weighted images of the smaller lesion. (F) Coronary 
PDW‑weighted image of entire lesion. (G) Sagittal T1‑weighted and (H) Sagittal T1‑weighted contrast‑enhanced images of the larger lesion. (I) Sagittal 
T2‑weighted and (J) Sagittal T2 fat‑suppressed images of the larger lesion. (K) Sagittal T1‑weighted and (L) Sagittal T1‑weighted contrast‑enhanced images of 
the smaller lesion. (M) Sagittal T2‑weighted and (N) Sagittal T2 fat‑suppressed images of the smaller lesion. The two largest lesions measured 46x27x60 and 
38x12x72 mm. The lesions exhibited uneven enhancement in T1‑weighted images and displayed heterogeneous iso‑ and hyperintense signals in T2‑weighted 
images. The PDWI sequences also demonstrated high signal intensity, while contrast‑enhanced scans revealed heterogeneous and marked enhancement. MRI 
demonstrated subcutaneous lesions with heterogeneous enhancement, clearly separated from surrounding muscle tissue. MRI, magnetic resonance imaging; 
PDWI, proton density‑weighted imaging.
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After ruling out surgical contraindications, the patient 
underwent wide excision of the left forearm tumor with skin 
grafting, vacuum sealing drainage closure and a pubic bone 
biopsy in April 2024 (Fig. 4A). The operation was successful 

without obvious postoperative acute complications. The 
excised tissue was paraffin‑embedded after fixation in 4% 
neutral phosphate‑buffered formaldehyde solution at room 
temperature (~25˚C) for 24 h. Sections were cut at a thickness of 

Figure 3. High‑resolution thin‑section CT of pelvis and prostate. (A) (Bone 
window) Multiple areas of osteoblastic bone destruction in the pelvic 
transverse plane. (B) (Bone window) Multiple areas of osteoblastic bone 
destruction in the femoral head transverse plane. (C) (Bone window) Multiple 
areas of osteoblastic bone destruction in the pelvic coronal plane. (D) (Soft 
tissue window) The prostate gland demonstrated marked enlargement with 
calcification.

Figure 2. 99mTc‑labeled methylene diphosphonate three‑phase bone imaging of the dual primary myxofibrosarcoma involving subcutaneous tissue and prostate 
cancer with multiple bone metastases. (A) Blood perfusion phase showing the blood flow phase of the left forearm, indicating increased local perfusion (red 
arrow). (B) Blood pool phase showing the blood pool phase, revealing a focal area of radiotracer accumulation in the left forearm (red arrow). (C) Whole‑body 
three‑phase bone imaging demonstrating significantly increased radiotracer uptake across the skeleton, consistent with a ‘superscan’ appearance. (D) Single 
photon emission computed tomography/computed tomography fusion image (lumbar, pelvic and forearm regions) in bone window settings, identifying multiple 
patchy areas of increased bone density (yellow arrow), predominantly indicative of osteoblastic activity.

Figure 4. Pathological biopsy of multiple lesions in the left forearm. 
(A) Gross specimen image of tumor tissue from the left forearm. (B) Tumor 
cells exhibiting sheet‑like growth patterns with lymphocytic infiltration 
visible in the stroma and perivascular areas. (C) Mucinous degeneration is 
present in portions of the stroma. (D) Mucinous degeneration is present in 
portions of the stroma in another section. Hematoxylin and eosin staining; 
magnification, x100.
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4 µm and stained with H&E using reagents supplied by Roche 
Diagnostics (Shanghai) Co., Ltd. at 25˚C for 8 h. The stained 
slides were examined under a light microscope (Olympus 
BX43; Olympus Corporation) and representative images were 
captured for histopathological evaluation. Histopathological 
analysis of the left forearm tumor demonstrated key features 
of a high‑grade malignant mesenchymal tumor, suggesting 
a diagnosis of high‑grade myxofibrosarcoma (MFS)  (4). 
The tumor was characterized by spindle cells with marked 
atypia, frequent mitotic figures and multinucleated giant 
cells, along with myxoid degeneration within the stroma and 
extensive inflammatory cell infiltration, findings consistent 
with high‑grade MFS (Fig. 4B‑D). Additionally, the poorly 
defined margins, combined with notable cellular pleomor‑
phism, further supported the diagnosis of a highly aggressive 
malignant mesenchymal tumor.

Immunohistochemical analysis of the left forearm tumor 
revealed a high proliferative index (Ki‑67, 60%) with focal 
cytoplasmic desmin expression and scattered p16 immuno‑
reactivity (Fig. 5A‑C). Tumor cells demonstrated wild‑type 
p53 nuclear expression pattern and weak MDM2 positivity 
(Fig. 5D and E). β‑catenin exhibited preserved membranous 
localization (Fig.  5F). Notably, pan‑tropomyosin receptor 
kinase (pan‑TRK) staining showed weak focal cytoplasmic 
positivity in 10% of tumor cells without nuclear expres‑
sion (Fig. 5G). S‑100 highlighted scattered interstitial cells, 
whereas smooth muscle actin (SMA) and CD34 positivity 
confirmed vascular components (Fig. 5H‑J). Finally, the tumor 
was negative for anaplastic lymphoma kinase (ALK) and 
SRY‑box transcription factor 10 (SOX10), while the reticulin 
stain demonstrated delicate fibers encircling individual tumor 
cells (Fig. 6A‑C).

The tissue processing and immunohistochemical staining 
procedures were as follows: Tumor tissues were fixed in 4% 
neutral phosphate‑buffered formaldehyde for 24 h at room 

temperature (25˚C) and subsequently paraffin‑embedded. 
Paraffin blocks were sectioned into 4‑µm slices and baked 
at 65˚C for 60 min or overnight at 58˚C. Sections were then 
deparaffinized in three xylene baths (5‑10 min each) and 
rehydrated through a descending alcohol series (100, 95, 
85 and 75% each for 2 min). Antigen retrieval and immu‑
nostaining were performed using a BenchMark ULTRA 
automated immunostainer (Roche Diagnostics) at 99˚C for 
16 min with an immunohistochemistry antigen retrieval buffer 
(cat. no. 24005424569188; Roche Diagnostics). Endogenous 
peroxidase activity was blocked using a peroxidase inhibitor 
for 5 min at 25˚C. Primary antibodies (prediluted; Roche 
Diagnostics) were incubated with the sections at 25˚C for 
16 min, followed by the OptiView DAB Detection Kit (Roche 
Diagnostics) according to the manufacturer's protocol. 
Sections were incubated with OptiView HQ Universal Linker 
containing horseradish peroxidase (HRP) for 8 min at 25˚C, 
and subsequently with HRP Multimer for 8 min to visualize 
staining.

The detailed information on the primary antibodies used 
in this study is as follows. Ki‑67 (Xiamen Talent Biomedical 
Technology Co., Ltd.; cat. no. AM0241; clone MIB1; 1:200), 
SMA (Fuzhou Maixin Biotechnology Development Co., 
Ltd.; cat. no. kit‑0006; clone 1A4; 1:100), Desmin [GeneTech 
(Shanghai) Co., Ltd.; cat. no. GT225229; clone GTM2; 1:300], 
p16 (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.; 
cat. no. ZM‑0205; clone 1C1; 1:300), p53 (Quan Hui Trading 
International Co., Ltd.; cat. no. AQ20025; clone DO‑7; 1:100), 
MDM2 (Beijing Zhongshan Golden Bridge Biotechnology 
Co., Ltd.; cat. no. ZM‑0425; clone 0TI17B3; ready‑to‑use), 
ALK (Beijing Zhongshan Golden Bridge Biotechnology Co., 
Ltd.; cat. no. TA800712; clone 0TI1H7; ready‑to‑use), CD34 
(Fuzhou Maixin Biotechnology Development Co., Ltd.; cat. 
no. kit‑0004; clone QBEND/10; 1:100), β‑Catenin (Beijing 
Zhongshan Golden Bridge Biotechnology Co., Ltd.; cat. 

Figure 5. Representative immunohistochemical staining of myxofibrosarcoma and pubic bone metastasis. (A) Ki‑67, (B) desmin, (C) p16, (D) p53, (E) MDM2, 
(F) β‑catenin, (G) Pan‑tropomyosin receptor kinase, (H) S‑100, (I) smooth muscle actin, (J) CD34, (K) prostate‑specific antigen, (L) cytokeratin. Magnification, 
x100.
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no. ZM‑0442; clone UMAB15; 1:300), pan‑TRK (VENTANA 
Roche; cat. no. 08494665001; clone EPR17341‑4; ready‑to‑use), 
S‑100 (Fuzhou Maixin Biotechnology Development Co., Ltd.; 
cat. no. kit‑0007; clone 4C4.9; 1:100), SOX10 (Xiamen Talent 
Biomedical Technology Co., Ltd.; cat. no. AM0417; clone 
SDM2; ready‑to‑use), PSA (Fuzhou Maixin Biotechnology 
Development Co., Ltd.; cat. no. MAB‑0146; clone ER‑PR8; 
1:50), CK (Guangzhou Anbiping Pharmaceutical Technology 
Co., Ltd.; cat. no. IM069; clone AE1&AE3; 1:150), CD3 (Quan 
Hui Trading International Co., Ltd.; cat. no. NCL‑L‑CD3‑565; 
clone LN10; 1:50), CD20 (Fuzhou Maixin Biotechnology 
Development Co., Ltd.; cat. no.  kit‑0001; clone L26; 1:1), 
CD61 (Agilent Technologies Singapore International; cat. 
no. 8930248; clone VI‑PL2; 1:100), CD235a (Fuzhou Maixin 
Biotechnology Development Co., Ltd.; cat. no. MAB‑0603; 
clone JC159; ready‑to‑use), MPO (Quan Hui Trading 
International Co., Ltd.; cat. no. AQ20285; polyclonal; 1:100) 
and CD38 (Quan Hui Trading International Co., Ltd.; cat. 
no. NCL‑L‑CD38‑290; clone SPC32; 1:100).

Reticulin staining was performed on formalin‑fixed 
paraffin‑embedded sections using standard protocols. Slides 
were counterstained with hematoxylin for 8 min and eosin 
for 1 min at room temperature and examined under a light 
microscope (Olympus BX53) at x100 magnification.

Subsequently, histopathological analysis of the pubic 
bone biopsy confirmed metastatic prostate cancer. Gross 
examination revealed multiple gray‑white specimens from 

the pubic bone (Fig. 7A). Microscopically, the fibrous tissue 
surrounding the lesion exhibited marked proliferation and 
infiltrative growth of epithelioid cells, characterized by abun‑
dant cytoplasm, prominent nucleoli and pleomorphic features, 
consistent with metastatic adenocarcinoma of prostatic origin 
(Fig.  7B  and  C). Immunohistochemistry further demon‑
strated PSA and cytokeratin positivity (Fig. 5K and L), while 
hematopoietic markers (CD3, CD20 and MPO), megakaryo‑
cytic/erythroid markers (CD61 and CD235a) and the plasma 
cell marker (CD38) were uniformly negative (Fig.  6D‑I). 
These findings, in conjunction with the notably elevated serum 
PSA levels and the clinical profile, conclusively supported a 
diagnosis of advanced metastatic prostate cancer. Given the 
unequivocal histopathological confirmation of osseous metas‑
tasis in this octogenarian patient, a prostate biopsy was deemed 
unwarranted per multidisciplinary consensus guidelines.

Postoperatively, the patient was treated with cefuroxime 
sodium (1.5  g twice daily, i.v.), papaverine hydrochloride 
(30 mg i.v.), celecoxib (0.2 g twice daily, p.o.) and rabeprazole 
sodium (10 mg p.o.) for anti‑infection, circulation improve‑
ment, analgesia, and gastric protection, respectively. The 
patient demonstrated favorable recovery and remained in 
stable condition, with no other notable concurrent interven‑
tions. The patient exhibited good treatment compliance and 
reported no significant discomfort. By August 2024, the 
patient had achieved a marked recovery, maintained a stable 
appetite and regular sleep patterns, adhered to scheduled 

Figure 6. Absence of marker expression in myxofibrosarcoma and pubic symphysis metastasis. (A) Anaplastic lymphoma kinase, (B) SRY‑box transcription 
factor 10, (C) reticulin stain, (D) CD3, (E) CD20, (F) CD61, (G) CD235a, (H) myeloperoxidase and (I) CD38 staining. Magnification, x100.
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follow‑up visits and continued a routine regimen of bone pain 
medication. As of September 2025, the patient remained alive, 
in stable condition and under regular follow‑up. The final diag‑
nosis of metachronous multiple primary malignant neoplasms 
(MMPMNs; high‑grade myxofibrosarcoma of the left forearm 
and prostate adenocarcinoma with osseous metastasis) was 
thus established.

Discussion

MFS, formerly classified as a subtype of malignant fibrous 
histiocytoma, predominantly affects patients aged 40 to 
80 years  (8,9). In total, two‑thirds of MFS cases arise in 
superficial soft tissues, typically the deep dermis and subcutis 
of the limbs, while the remainder occur in deeper subfascial 
or intramuscular locations  (9,10). Histologically, MFS is 
distinguished by a myxoid extracellular matrix, pleomorphic 
spindle cells and characteristic curvilinear blood vessels (11). 
Patients with MFS exhibit a notably elevated risk of devel‑
oping subsequent primary malignancies (12). Following the 
analysis of a retrospective cohort, Tateishi et al (13) reported 
5‑ and 10‑year cumulative incidences of secondary cancers 
of 16.9%, significantly exceeding rates seen in other sarcoma 
subtypes (hazard ratio, 2.34; 95% confidence interval, 
1.01‑5.41; P=0.048). In that cohort, patients with MFS who 
developed secondary malignancies exhibited a wide spectrum 
of additional tumor types involving multiple organ systems. 
The secondary cancers most frequently comprised adenocar‑
cinomas arising in the stomach, ovary, prostate, colon, cecum, 
breast, kidney, lung and rectum. Other histological subtypes 
included squamous cell carcinomas of the pharynx, tongue, 
gingiva and esophagus, as well as transitional cell carcinoma 
of the bladder and renal cell carcinoma of the kidney. These 
neoplasms represented independent primary tumors coexisting 
with MFS rather than metastatic lesions, with some diagnosed 
prior to and others following the onset of sarcoma. This series 
also included a case of metachronous prostate adenocarcinoma 
following MFS, mirroring the observation of occult prostate 
cancer detected via superscan in the present study.

Beyond the risk of additional primary tumors, MFS poses 
its own clinical challenges due to aggressive behavior and 
high local recurrence rates, particularly in high‑grade tumors. 
Recurrence rates for MFS rank among the highest of all 
soft‑tissue sarcomas, underscoring the necessity for rigorous 
surveillance  (14,15). Although distant metastases are less 

frequent (occurring in 13‑16% of cases), the lungs and brain 
are the most common sites, with occasional spread to the small 
intestine, pelvis, retroperitoneum, stomach, liver and adrenal 
glands (16,17). In the present study, the paradoxical finding of 
a superscan (indicating diffuse osteoblastic activity) combined 
with intact cortical bone adjacent to the sarcoma and the 
rarity of MFS metastasis to prostate or bone strongly supports 
the diagnosis of multiple primary malignancies rather than 
metastatic spread.

Following intravenous administration of 99mTc‑MDP, 
nuclear imaging techniques such as SPECT and positron 
emission tomography (PET) assess the skeletal biodistribu‑
tion of the tracer, mediated by its affinity for hydroxyapatite 
in bone tissue. While physiological uptake in soft tissues may 
occasionally occur, abnormal extraosseous radiotracer accu‑
mulation warrants further investigation. Research highlights a 
strong correlation between radiotracer deposition and malig‑
nancies, primarily driven by metastatic spread or primary 
soft‑tissue tumors, reflecting its critical diagnostic application 
in oncological settings (18‑20). Soft‑tissue tumors in the limbs 
are frequently characterized by increased blood volume within 
malignant tissues, driven by tumor‑induced angiogenesis. As 
a result, this vascular proliferation leads to abnormal tracer 
accumulation as the enhanced and permeable vasculature 
facilitates tracer retention in non‑target regions, complicating 
the accuracy of imaging interpretation (21).

A superscan represents a distinctive pattern observed 
in three‑phase bone imaging, characterized by diffuse and 
intense skeletal uptake, and accompanied by markedly 
diminished soft tissue and renal activity. While, under normal 
conditions, the tracer uptake ratio between the skeletal system 
and kidneys is ~2:3, in cases of a superscan, this ratio may shift 
to as high as 17:3 (22), indicating significant deviations from 
typical tracer distribution. Given the inherent complexities 
involved in achieving objective quantification, the accurate 
diagnosis of a superscan is particularly challenging and often 
necessitates the specialized expertise and interpretive skills 
of experienced nuclear medicine physicians (23). Superscan 
is frequently associated with conditions that promote diffuse 
reactive bone formation, such as bone metastases from malig‑
nancies and certain metabolic bone diseases (24,25). Notably, 
this phenomenon has been documented in the literature as an 
unexpected indicator of occult prostate cancer, underscoring 
the critical role of bone scintigraphy as a diagnostic alert for 
asymptomatic secondary malignancies (26). Data indicate that 

Figure 7. Pathological biopsy of the pubic bone. (A) Multiple gray‑white gross specimens from the pubic bone. (B) Anisomorphic epithelial‑like cells (cancer 
cells) with infiltrative growth are visible in the fibrous tissue. (C) Another section demonstrates cellular atypical growth. Hematoxylin and eosin staining; 
magnification, x200.
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superscan occurs in 15‑23% of patients with prostate cancer, 
establishing the disease as the most common underlying cause. 
Although other malignancies, including gastric and breast 
cancer, are also capable of inducing superscan, their incidence 
remains significantly lower by comparison (25). Given the 
broad differential diagnosis associated with superscan, visual 
interpretation alone is insufficient. Laboratory tests (such as 
serum calcium and alkaline phosphatase), tumor markers and 
additional imaging are critical for an accurate diagnosis.

In the present study, X‑ray, thin‑section bone‑window 
CT and 3D‑CT were not performed for the patient due to 
financial constraints and comorbidities, which limits the 
anatomical assessment and the exclusion of microscopic 
bone invasion. Future similar cases should incorporate these 
imaging modalities to enhance lesion characterization and 
diagnostic precision.

Although the present case lacked molecular profiling, 
available data indicate key genetic alterations in both malig‑
nancies (MFS and prostate cancer) that may reveal shared 
oncogenic pathways. MFS often harbors TP53 mutations and 
CDKN2A deletions, leading to disrupted cell‑cycle control 
and genomic instability, while prostate adenocarcinoma 
frequently features androgen receptor amplification and PTEN 
loss, driving tumor growth and metastatic potential (27,28). 
Furthermore, prostate‑specific membrane antigen (PSMA; 
classically upregulated in prostate cancer) is also detected in 
the neovasculature of sarcomas (up to 35.3% in MFS), where 
it promotes angiogenesis and may contribute to increased 
99mTc‑MDP uptake in a superscan (29,30). Both tumor types 
express luteinizing hormone‑releasing hormone (LHRH) 
receptors, suggesting potential benefit from LHRH‑targeted 
therapies  (31). Emerging evidence implicates dysregulated 
p53 signaling, PI3K/AKT pathway activation and an immu‑
nosuppressive tumor microenvironment characterized by 
tumor‑associated macrophage infiltration and T‑cell exhaus‑
tion as possible common mechanisms underlying multiple 
primary malignancies (32‑34). Future studies should employ 
comprehensive genomic sequencing and immune profiling 
to identify overlapping driver mutations, clarify the role of 
PSMA‑mediated angiogenesis and LHRH pathways, and 
evaluate whether targeted or immunomodulatory treatments 
can mitigate the risk of metachronous tumors.

MPMNs within the same individual are identified by the 
presence of distinct pathological features in each tumor (1‑4). 
Traditionally, the diagnosis of MPMN is based on the Warren 
criteria  (35) and revisions by Liu  et  al  (36). However, the 
Surveillance, Epidemiology and End Results (SEER) and 
International Agency for Research on Cancer/International 
Association of Cancer Registries (IARC/IACR) guidelines have 
become integral to modern diagnostics, serving to enhance 
and extend the criteria used for diagnosing MPMNs. SEER 
emphasizes tumor histology, anatomical location, laterality 
and the time interval between diagnoses, thereby facilitating 
the identification of multiple independent primary tumors (37). 
By contrast, the IARC/IACR criteria are more conservative, 
typically registering only one tumor per organ or paired organs, 
emphasizing histological consistency and adopting a cautious 
approach to multiple tumors in the same anatomical site (38).

Synchronous MPMNs (SMPMNs) are defined as two or 
more primary malignancies diagnosed within 6 months, while 

those diagnosed after 6 months are termed metachronous 
MPMNs (MMPMNs). MMPMNs have a lower incidence 
but similar survival rate compared with SMPMNs (3,5). In 
the present case, the patient was diagnosed with MMPMNs, 
comprising high‑grade myxofibrosarcoma of the left forearm 
and prostate adenocarcinoma with osseous metastasis, as the 
two malignancies were identified more than 6 months apart. 
Tumor growth patterns, treatment approaches and individual 
variability can affect the timing of diagnosis. Data suggest a 
median interval of 3.45‑6.13 years between the diagnoses of 
the first and second primary tumors in MMPMN, but the prog‑
nostic relevance of this interval remains uncertain (5,6,39). 
Regardless, early detection, precise diagnosis and prompt treat‑
ment are critical to improving outcomes in MPMNs. While 
imaging techniques such as SPECT/CT and PET/CT enhance 
diagnostic accuracy, pathological examination remains the 
gold standard when MPMN cannot be ruled out.

In the evaluation of MFS, 18F‑f luorodeoxyglucose 
(18F‑FDG) PET/CT can offer valuable metabolic information, 
while 99mTc‑MDP three‑phase bone scintigraphy is tradition‑
ally used to detect osteoblastic activity and assess potential 
bone metastases, often demonstrating only minimal soft‑tissue 
uptake (40). Although in the present study bone scintigraphy 
revealed increased perfusion and focal 99mTc‑MDP accumula‑
tion in the left forearm, suggestive of soft‑tissue malignancy, 
and produced a classic superscan pattern indicative of diffuse 
skeletal involvement, it lacks the specificity to distinguish 
primary sarcoma from metastatic disease. By contrast, 18F‑FDG 
PET/CT quantifies tumor glucose metabolism, achieving 
sensitivity rates of >90% for soft‑tissue sarcomas compared 
with ~70% for planar bone scans, and can detect microscopic 
cortical or marrow invasion that may be occult on bone scin‑
tigraphy or MRI (41,42). In the present study, 18F‑FDG PET/CT 
was not performed due to the advanced age, frailty and finan‑
cial constraints of the patient, which constitutes a limitation 
of the diagnostic workup. While 99mTc‑MDP SPECT/CT has 
high utility for detecting widespread bone metastatic activity 
(superscan), its sensitivity (~86.7%) and specificity (~98.8%) 
for prostate cancer bone metastases are slightly inferior to 
those of 18Ffluorocholine PET/CT, which achieves a sensitivity 
of up to 93.3% and a specificity of 100% in biochemical recur‑
rence settings (43,44). A prospective comparative study also 
showed that NaF PET/CT attains a sensitivity of ~95% and 
a specificity of ~93%, marginally outperforming SPECT/CT 
and MRI (45). Moreover, 18F‑DCFPyL PET/CT demonstrated 
superior diagnostic accuracy vs. 99mTc‑MDP SPECT/CT in a 
direct head‑to‑head study (46). Together, these findings indi‑
cate that PET/CT modalities, especially PSMA‑targeted or 
choline‑based tracers and NaF PET, offer significantly higher 
sensitivity and specificity compared with conventional bone 
SPECT/CT in prostate cancer bone metastasis detection.

In the present study, preserved cortical bone integrity was 
confirmed via histopathological microsectioning, effectively 
ruling out local invasion despite the presence of a superscan 
pattern. Given this discordance, PSA testing (563.864 ng/ml) 
and hip CT were pursued, which, combined with SPECT/CT 
fusion imaging, identified prostate enlargement and mixed scle‑
rotic/lytic lesions consistent with metastatic prostate cancer. 
The final diagnosis of metachronous MPMN (high‑grade 
MFS and prostate adenocarcinoma) was thus established. 
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Nonetheless, the absence of PET/CT imaging and molecular 
profiling remains a limitation, and we recommend employing 
PET/CT or CT bone‑window imaging in similar future cases to 
enhance diagnostic accuracy and to better distinguish primary 
soft‑tissue tumors from skeletal metastases.

In conclusion, the present study describes a rare case 
involving dual primary malignancies (subcutaneous MFS and 
prostate cancer with extensive bone metastases) diagnosed 
through 99mTc‑MDP three‑phase bone scintigraphy. The 
unique imaging characteristics, specifically the extensive 
metastases on superscan bone imaging and its established 
association with occult prostate cancer, together with the 
patterns of recurrence and metastasis of the primary tumor, 
were pivotal in informing and shaping the subsequent thera‑
peutic approach. Given the scarce reports of MPMNs identified 
through 99mTc‑MDP scintigraphy, the present case highlights 
the need for heightened clinical vigilance. For patients with 
recurrent soft‑tissue sarcoma who demonstrate a superscan 
on bone scintigraphy, routine screening for occult prostate 
carcinoma should be undertaken. For any patient newly diag‑
nosed with a malignancy, clinicians should integrate detailed 
clinical evaluation with three‑phase bone imaging findings 
to eliminate suspicion for additional primary tumors. Such a 
strategy enhances diagnostic precision, reduces the likelihood 
of missed or incorrect diagnoses and facilitates individualized 
treatment planning that may improve overall patient outcomes.
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