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Abstract. Hand and foot osteosarcoma represents ~1% of
all diagnosed cases of osteosarcoma. The rarity of osteosar-
coma of the hand and foot leads to frequent misdiagnosis,
delayed diagnosis or incorrect treatments, which can lead to
fatal consequences. Typically, salvaging the affected limb is
the treatment of choice, and with the use of chemotherapy,
60-65% of patients with osteosarcoma can be treated without
amputation. Due to its rarity, misdiagnosis and treatment
delays are common, yet detailed reviews and analyses of
such cases are limited. The present retrospective cohort study
aimed to review and analyze cases of osteosarcoma located
in the hand and foot. From January 2007 to January 2019,
11 patients were treated at the Masaryk Memorial Cancer
Institute Sarcoma Center (Brno, Czechia), 5 cases affected
the hand and 6 affected the foot. A total of 6 male patients
and 5 female patients, with a mean age of 30.9+16.74 years,
were diagnosed with hand or foot osteosarcoma. The mean
follow-up period was 90.36+66.14 months. The mean tumor
size detected during diagnosis was 4.29+1.81 cm. Osteoblastic
osteosarcoma was the most common histopathological type,
accounting for 4 cases (33.4%). A majority of the osteosar-
comas were identified as high grade (81.8%). A total of
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5 patients experienced misdiagnoses following their initial
biopsy, with 2 patients initially receiving treatment outside the
Masaryk Memorial Cancer Institute Sarcoma Center. The most
frequently encountered misdiagnosis was giant-cell tumor of
the bone. A total of 3 patients underwent limb amputation and
2 patients developed lung metastasis and succumbed to the
disease. The disease-free survival period and overall survival
rate were calculated using Kaplan-Meier survival analysis. The
mean disease-free survival period was 82.83+60.05 months,
while the overall survival rate was 72%, with a mean survival
time of 90.36+56.73 months. In summary, an examination of a
case series involving 11 patients diagnosed with osteosarcoma
of the hand and foot was conducted. The treatment approach,
clinical characteristics and patient outcomes were described.
A total of four case studies of patients with osteosarcoma in
the hand or foot were presented. Misdiagnosis of this disease
may result in the inappropriate treatment being administered
to patients, therefore, the correct and rapid diagnosis of
disease is necessary for effective treatment of hand and foot
osteosarcomas.

Introduction

Osteosarcoma is a mesenchymal tumor of the bones, typically
occurring in the long bones of the extremities. Osteosarcoma
in the long bones of the extremities accounts for ~80-90% of
all cases of osteosarcoma (1). By contrast, two of the rarest
sites for this disease to be diagnosed are the hand and the foot,
representing ~1% of all diagnosed osteosarcomas (2-4). The
rarity of osteosarcoma of the hand and foot has led to frequent
misdiagnosis, delayed diagnosis or inappropriate treatment
of patients, which can have fatal consequences (5). The
uncommon occurrence of osteosarcoma of the hand and foot,
its similar appearance to benign lesions and the general lack of
awareness of this disease may result in physicians not imme-
diately suspecting osteosarcoma when evaluating patients.
Delays in diagnosing and treating peripheral osteosarcoma
can have a negative impact on patient outcomes. These delays
may reduce treatment options and diminish the possibility
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of limb-sparing procedures, potentially affecting the overall
prognosis and quality of life of patients. Previous studies have
raised contradictions about the prognosis and treatment of
hand and foot osteosarcoma when compared with that at other
common sites (6). This condition primarily affects adoles-
cents and young adults, with the majority of cases occurring
between the ages of 10 and 25. However, it can also affect older
adults (7). Outcomes for this disease typically have a favorable
prognosis, but there are currently few reports on hand and foot
osteosarcoma (8). In the hand and foot, salvaging the limb is
typically the treatment of choice, and with the use of chemo-
therapy (CHT), 60-65% of patients with osteosarcoma can be
cured without amputation (1,9).

Currently, there is a lack of comprehensive understanding
and published data regarding the diagnosis, treatment and
outcomes of osteosarcoma in the hand and foot, as these
cases represent ~1% of all osteosarcomas. Due to its rarity,
misdiagnosis and treatment delays are common, yet detailed
reviews and analyses of such cases are limited. To build upon
the limited existing literature, the present study conducted
a series of single-center case reports on a group of patients
treated at the Masaryk Memorial Cancer Institute Sarcoma
Center (Brno, Czechia). The present retrospective cohort study
aimed to review and analyze cases of osteosarcoma located
in the hand and foot. Furthermore, certain patient cases were
described to highlight key educational points, including
unexpected outcomes, misdiagnoses and failed interventions.
These case reports may offer valuable insights into treatment
efficacy, diagnostic challenges and rare complications of hand
and foot osteosarcoma. By identifying common misdiagnoses
and raising awareness of the rarity of hand and foot osteosar-
coma, the present study may contribute to more accurate and
timely diagnoses, preventing delays in treatment.

Materials and methods

Study design and patient selection. The present retrospective
study selected data from patients diagnosed with osteosarcoma
of the hand and foot. Between January 2007 and January 2019,
11 patients were treated at the Masaryk Memorial Cancer
Institute Sarcoma Center, with 5 cases involving the hand and
6 involving the foot (Table I).

Patient cohort and data collection. The present study included
6 male patients and 5 female patients, with a mean age of
30.9+16.74 years. Clinical features, outcomes, and related
treatments were examined. The disease-free survival period
and overall survival rate were calculated.

Histopathological review. Histological diagnoses were
reviewed by an experienced musculoskeletal oncology pathol-
ogist. The diagnoses were confirmed using hematoxylin and
eosin and immunohistochemical (IHC) staining.

The received tissue was macroscopically inspected, and
representative samples were fixed in 10% neutral buffered
formalin for 24 h. Subsequently, the tissue samples were
processed using the Tissue Processor TPC15 (Bamed sro),
involving alcohol, isopropylene and xylene washes, followed
by embedding in paraffin at a constant temperature of 60°C.
The entire process took 14.25 h, with paraffin embedding

taking the final 3.75 h. Calcified/ossified components were
decalcified by submerging them in a 10% EDTA solution for
2-3 days before embedding.

The FFPE tissue was then sectioned into 4-ym thick sections
and routinely processed with hematoxylin-eosin staining for
104 min at 60°C using Automatic stainer and coverslipper E7
or Staining apparatus Medite TST44 in combination with Film
coverslipper Medite Twister (all Bamed sro). The stained tissue
was subsequently examined under a standard light microscope
(Olympus BX45; Olympus Corporation) at x20, x40, x100 and
x200 magnification.

IHC analysis of SATB2, S100, Histone H3G34W and p63
expression was performed on tumor tissue sections using the
Automated THC/ISH Slide Staining System BenchMarkXT
(* Roche Tissue Diagnostics). The ultraView Universal DAB
Detection Kit (Roche Tissue Diagnostics) was used for staining
according to the manufacturer's instructions. The 4-ym thick
tumor tissue sections were applied to positively charged
TOMO® slides (Matsunami Glass Ind., Ltd.). The following
antibodies and conditions were used for staining: i) SATB2
Rabbit Monoclonal Antibody (clone EP281; cat. no. 384R-16;
Cell Marque; MilliporeSigma) at 1:100 dilution; cell condi-
tioning Ultra CC1 for 36 min at 95°C; antibody incubation
for 32 min at 37°C. ii) S100 Rabbit Polyclonal Antibody
(cat. no. Z0311; Dako; Agilent Technologies, Inc.) at 1:1,000
dilution; cell conditioning Ultra CC1 for 20 min at 95°C;
antibody incubation for 28 min at 37°C. iii) Histone H3G34W
Antibody (clone RM263; cat. no. 31-1145-00-S; RevMAb
Biosciences USA, Inc.) at 1:200 dilution; cell conditioning
Ultra CCI1 for 76 min at 95°C; antibody incubation for 32 min
at 37°C. iv) p63 Antibody (clone 4A4; cat. no. 05867061001;
Roche Diagnostics GmbH), ready-to-use; cell conditioning
Ultra CC1 for 72 min at 100°C; antibody incubation for 36 min
at 37°C.

The ultraView Universal DAB Detection Kit (Roche
Diagnostics GmbH) was used to detect expression for all the
aforementioned antibodies. Each run included a system of
negative and positive controls. Negative controls were prepared
by incubating samples without the primary antibody, while
positive control tissue samples were used to verify the staining.
The positive tissue controls were taken from residual tissue
samples obtained via biopsy/autopsy from different (already
closed) cases. All IHC results were evaluated using a uniform
microscope and camera setting (Olympus BX45 microscope
and Olympus DR72 camera; Olympus Corporation).

Follow-up and assessment. Postoperative follow-up assess-
ments were conducted at regular intervals every 3 months
during the first 2 years, every 6 months for the next 3 years and
annually thereafter. Each follow-up included a clinical exami-
nation, plain radiographs of the primary tumor site, chest CT
scans, and, as needed based on the clinical examination and
radiograph findings, MRI of the primary tumor site. Patients
underwent follow-up appointments for a minimum of 5 years,
with a mean follow-up duration of 90.36 (+66.14) months.

Ethical considerations and treatment planning. The institu-
tional review board approved the present retrospective study,
and written consent was obtained from all patients or their legal
guardians. Each case was presented to the multidisciplinary
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Table II. Tumor characteristics.

Demographic Value Tumor feature Value
Total number of patients, n 11 Number of tumors, n 11
Mean age at inclusion (SD), years 309 (16.74)  Location, n (%)

Sex, n (%) Hand 5(45.5)
Male 6 (54.5) Foot 6 (54.5)
Female 5@5.5) Mean size (SD), cm 429 (x1.81)

Mean follow-up period (SD), months 90.36 (66.14)  Histology, n (%)

Comorbidities, n (%) Osteoblastic 4(33.4)
Yes 2(18.2) Giant-cell rich 3(27.3)
No 9 (81.8) Fibroblastic 1(9.1)

Mean symptom duration (SD), months 8.91 (3.80) Telangiectatic 1(9.1)

Chondroblastic 1(9.1)
Periosteal 1(9.1)
Grade, n (%)

Musculoskeletal Tumor Committee for treatment planning and Low 19.1)

management. Intermediate 1(9.1)

Statistical analysis. Statistical analysis was performed High 2 BLY)

using R software (version 4.0.5; Posit Software, PBC) in the Stage, n (%)

RStudio development environment. Descriptive statistics I 2(18.2)

were used to summarize patient demographics, clinical 1l 7 (63.6)

characteristics, tumor size, histopathological findings and 111 2(18.2)

survival rates. Categorical variables, such as sex, tumor Lymph node involvement at diagnosis, n (%) 1(9.1)

grade and histological type, were reported as frequencies  Metastasis at diagnosis 1(9.1)

and percentages. Continuous variables, including patient
age, follow-up duration and tumor size, were expressed as
the mean + SD. The Kaplan-Meier method was used to esti-
mate overall survival and disease-free survival rates. Mean
survival times and their corresponding 95% Cls were calcu-
lated. Patients were censored at their last known follow-up
date or time of death.

Results

Clinical and pathological outcomes. The mean tumor size
detected during diagnosis was 4.29+1.81 cm. Osteoblastic
osteosarcoma was the most common histopathological type,
accounting for 4 cases (33.4%). A majority of the osteosarcomas
were identified as high-grade (81.8%). Only 1 patient exhibited
lung metastasis and lymph node infiltration upon diagnosis
(Table II). A total of 5 patients experienced misdiagnoses
following the initial biopsy, with two initially receiving treat-
ment outside the Masaryk Memorial Cancer Institute Sarcoma
Center. The most frequently encountered misdiagnosis was
giant-cell tumor of bone (GCTB). Of the misdiagnosed
patients, 4 patients initially underwent an intralesional proce-
dure. Only 3 patients received CHT before their procedure and
3 patients underwent limb amputation. A total of 4 patients
underwent ray resection, and 4 underwent en bloc resection,
including an astragalectomy. A total of 2 patients developed
lung metastasis and succumbed to the disease (Table III). The
disease-free survival period was 82.83+60.05 months, while
the overall survival rate was 72%, with a mean survival time of
90.36+56.73 months (Fig. 1). The overall survival rate for the
patients with high-grade osteosarcomas was 66%, with a mean
survival time of 85.11+55.89 months.

Case presentation

Case 1. A 26-year-old female patient presented to a local surgical
department in the Moravian-Silesian region with a 3-month
history of persistent pain and swelling in the middle finger of
their left hand. An incision was made under local anesthesia, but
the lesion eventually ulcerated and in March 2018, the patient
was referred to the Masaryk Memorial Cancer Institute Sarcoma
Center (Brno, Czechia) for further evaluation. CT scans demon-
strated an osteoblastic lesion in the middle phalanx (Fig. 2) and
histopathology confirmed the diagnosis of high-grade parosteal
osteosarcoma (Fig. 3). The Musculoskeletal Tumor Committee
recommended resection of the third ray, which was performed
successfully (Fig. 4). The final histopathology report indicated
high-grade osteoblastic osteosarcoma and a complete resection
(Fig. 5). Following the surgery, the patient underwent four cycles
of the standard combination CHT regimen (10), comprising
high-dose methotrexate (12 g/m?), doxorubicin (75 mg/m?) and
cisplatin (120 mg/m?). However, due to toxicity, the regimen
was interrupted. Treatment was then adjusted to two additional
cycles of monotherapy, with doxorubicin reduced (50 mg/m?)
and methotrexate continued at 12 g/m?. At follow-up examina-
tions, the patient remained disease free. However, 5 years after
the surgical procedure, the patient died due to a sudden cardiac
arrest, which was potentially related to the cardiotoxic effects
of the CHT.

Case 2. In September 2019, a 46-year-old male patient
presented to the Masaryk Memorial Cancer Institute Sarcoma
Center (Brno, Czechia) with a 3-month history of pain and
swelling in the left hand and wrist. Computed radiography
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M, male; F, female; GCTB, giant-cell tumor of bone; N/A, not applicable; MTC, metacarpal bone; MTT, metatarsal bone; CHT, chemotherapy.

(CR) and MRI scans showed an osteolytic lesion on the base
of the fourth metacarpal bone and carpal bones (Fig. 6). The
histopathology report indicated a primary malignant GCTB
(Fig. 7). CT scans and radiographic imaging showed infiltra-
tion of lymph nodes, as well as metastases to the lungs (Fig. 8)
and skeleton (Fig. 9). The Musculoskeletal Tumor Committee
recommended a radical approach, suggesting amputation
of the affected area followed by palliative CHT. The final
histopathology report confirmed the presence of a 55-mm
high-grade giant cell-rich osteosarcoma (Fig. 10), which was
successfully removed through complete resection. The patient
passed away l-year after the surgery.

Case 3. In January 2019, an 11-year-old female was
referred to the Masaryk Memorial Cancer Institute Sarcoma
Center with a 2-month history of pain in the right foot. MRI
scans showed a 3 cm thickening of the bone in the V. meta-
tarsal diaphysis (Fig. 11). The histopathology report showed
an intermediate-grade periosteal osteosarcoma (Fig. 12). The
patient had no lymph node involvement or metastases. The
Musculoskeletal Tumor Committee recommended en bloc
resection with bone allograft reconstruction using a plate. The
final histopathology report confirmed the initial findings from
the biopsy (Fig. 13). After 2 years, a follow-up plain radiographs
showed ossification on the allograft surface (Fig. 14), leading
to a biopsy to check for any signs of local recurrence. The
biopsy results showed no evidence of malignancy (Fig. 15). At
the time of writing, the patient completed 5 years of follow-up
appointments with no signs of disease recurrence.

Case 4. In June 2007, a 50-year-old male presented to the
Masaryk Memorial Cancer Institute Sarcoma Center, with a
1-month history of persistent pain in the right ankle. Further
investigations showed a cystic lesion of the talus on a CR
scan, which was later confirmed by a supplementary CT scan
(Fig. 16). The histopathology report diagnosed GCTB with
a secondary aneurysmal cyst of the talus (Fig. 17), leading
to a recommendation for intralesional resection with bone
cement augmentation. After receiving the recommended
treatment, the patient returned 5 months later with swelling
and increased pain in the ankle. A follow-up CT scan showed
destruction of the bone surrounding the bone cement, as
well as osteolysis of the calcaneus and the presence of an
extraosseous mass proximally (Figs. 16 and 18). Due to the
extent of osteolysis, the patient required an astragalectomy.
Subsequent histopathology reports showed a diagnosis of
giant-cell rich osteosarcoma, contradicting the initial find-
ings (Fig. 19). Further staging scans indicated the presence
of lung metastases (Fig. 20). The Musculoskeletal Tumor
Committee recommended metastasectomy followed by
adjuvant CHT. Despite the successful removal of 12 lung
metastases, the patient developed additional lung metastases
within two months. Despite palliative care efforts, the patient
died 6 months later.

Discussion

The occurrence of osteosarcoma in the hand and foot
regions is a rare clinical presentation, and patients with
this presentation of disease are diagnosed at an average
age of nearly 10 years older than patients with osteosar-
coma of the long bones. This aligns with the general trend
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Figure 1. Disease-free survival of patients with hand or foot osteosarcoma using a Kaplan-Meier curve. This figure shows the proportion of patients remaining
disease-free over time, starting at 1.0 (100%) and declining as instances of disease recurrence occur.

Figure 2. Case 1. Radiographic images showing an osteoblastic lesion in the
intermediate phalanx of the middle finger of the lefthand. (A) Anteroposterior  Figure 4. Case 1. Post-operative appearance of the hand following the
view and (B) lateral view. removal of the third ray, shown from both dorsal and palmar views.

Figure 3. Case 1. Open biopsy with hematoxylin and eosin staining.
Magnification, x100. A detailed examination of the high-grade component
showed eosinophilic tumor osteoid and fibroblast-like proliferation exhib-
iting pronounced atypia.

Figure 5. Case 1. Hematoxylin and eosin staining following resection.
Magnification, x200. The high-grade component showed atypical osteoblasts
surrounding islets of eosinophilic osteoid.

of osteosarcoma affecting an older demographic in these the typical distribution observed in conventional osteo-
specific body areas (11). Upon histological examination, sarcoma (11,12). The occurrence of sarcomas in atypical
low grade (9.1%) and intermediate (9.1%) osteosarcomas anatomical locations has been documented in previous
are more common in the distal extremities, in contrast to  reports (13,14).
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Figure 6. Case 2. MRI showing a misdiagnosed osteosarcoma of the fourth metacarpal bone, accompanied by an extraosseous mass.

Figure 7. Case 2. Hematoxylin and eosin staining of the open biopsy.
Magnification, x200. The tumor component was consistent with malignant
giant-cell tumor of bone. Atypical stromal cells with rich mitotic activity,
including atypical mitoses, with deformed multinucleated cells. No osteoid
was located in the biopsy.

There is a notable difference in the duration of symptoms
before diagnosis. Typically, osteosarcomas present symptoms
for <6 months in most cases (15). However, the findings of
the present study showed an average symptomatic duration of
9 months, which was longer than the typical duration of symp-
toms for this disease. Diagnostic delays for osteosarcomas
in the distal skeleton have been reported, with a number of

patients being treated initially for other conditions, such as
GCTB (16,17).

In the present study, 1 patient presented with metastatic
disease at the time of diagnosis, which represented a higher
rate than previously reported (16). All patients who died
from the disease had high-grade osteosarcomas. The overall
survival rate for high-grade variants was 66%, similar to those
reported for osteosarcomas of the long bones. Development of
distant metastases occurred regardless of the surgical approach
used (18). The treatment for high-grade osteosarcomas in the
hands and feet should include neoadjuvant and adjuvant CHT,
along with aggressive surgery (12). A number of patients in the
present study required amputation, with the procedure being
performed in 27.3% of cases.

The present study had several limitations. The first was the
study's retrospective design. The second was the small size of
the cohort, which included 11 cases, due to the rare nature of
the diagnosis of osteosarcoma of the hands and feet, which
restricted the generalizability of the findings. The present
study was conducted in a specific department with particular
surgical practices and patient populations. This may poten-
tially limit the applicability of the results to other settings or
patient demographics. However, osteosarcoma of the hand
and foot is particularly rare, and the majority of publications
on peripheral osteosarcoma consist of case reports or studies
with <23 cases. Multicenter studies also feature a limited
number of patients (16,19). The present study contributes to the
limited literature on peripheral osteosarcoma with practical
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Figure 8. Case 2. CT scan showing lung metastases in the patient diagnosed with giant cell-rich osteosarcoma. Red circles indicate the metastases.

Figure 11. Case 3. (A) MRI showing a periosteal osteosarcoma of the fifth
metatarsal. (B) Postoperative radiographic imaging following complete

Figure 9. Case 2. Radiographic imaging showing bone metastasis to the resection and reconstruction with a bone allograft and plate fixation.

humeral shaft.

Figure 10. Case 2. Hematoxylin and eosin staining following amputation. ~ Figure 12. Case 3. Hematoxylin and eosin staining following open biopsy.
Magnification, x100. Pleomorphic tumor cells were accompanied by eosino- ~ Magnification, x100. Histological section showing well-differentiated bone
philic, primitive osteoid tissue. Though deformed and atypical, giant cells ~ trabeculae, surrounded by atypical osteoblasts with low-to-intermediate
were present, which was consistent with giant cell-rich osteosarcoma. grade atypia.
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Figure 13. Case 3. Hematoxylin and eosin staining following resection.
Magnification, x100. The surface of the tumor displayed trabeculae of mature
bone surrounded by atypical osteoblasts. These trabeculae were connected
to a mass of atypical cartilaginous matrix, with atypia ranging from low to
intermediate grade.

Figure 14. Case 3. Follow-up radiographic imaging showing suspected ossifi-
cation on the allograft surface, which prompted a biopsy.

Figure 15. Case 3. Hematoxylin and eosin staining of a biopsy following
suspected recurrence. Magnification, x40. Mature bone formations with foci
of inflammatory reaction were shown, consistent with reactive osteoplasia
post-surgery.

Figure 16. Case 4. (A) Radiographic images showing a misdiagnosed cystic
lesion of the talus (right) alongside the post-cementoplasty results (left).
(B) CT scan images showing local recurrence following cementoplasty,
initially performed for a misdiagnosed giant-cell rich osteosarcoma

Figure 17. Case 4. Hematoxylin and eosin staining of an open biopsy.
Magnification, x100. Fragmented biopsy of giant-cell tumor of bone without
malignant features, joined by lamellae of fibrous tissue, foci of hemorrhage
and solitary granules of hemosiderotic pigmentation.

implications for treating cases involving the hand and foot.
By identifying common misdiagnoses and raising awareness
about the existence of osteosarcoma in these locations, even
with a small cohort, the present study could potentially enhance
diagnostic accuracy and timeliness, thereby preventing delays
in treatment.

Future perspectives on osteosarcoma diagnosis and manage-
ment could be advanced significantly by integrating artificial
intelligence (AI). Al-powered algorithms can be used to analyze
medical imaging modalities with greater accuracy and effi-
ciency compared with conventional methods that rely on human
expertise and interpretation (20). Machine learning models,
trained to recognize subtle patterns and abnormalities in bone
structures, may enable the earlier detection of osteosarcoma,
identifying indicators that may elude human interpretation.
Furthermore, Al-driven robotic systems can enhance surgical
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Figure 18. Case 4. Follow-up CT scan showing local recurrence of a previ-
ously misdiagnosed giant cell-rich osteosarcoma, following curettage and
cementoplasty.

0 o

Figure 19. Case 4. Hematoxylin and eosin staining of the resected talus.
Magnification, x100. A highly cellular malignancy was shown characterized
by eosinophilic lace-like osteoid interwoven with numerous giant multi-
nucleated cells, consistent with giant cell-rich osteosarcoma.

precision, minimizing human error and improving outcomes for
patients undergoing bone resection and reconstruction (21).

In summary, a study was conducted on a case series of
11 patients diagnosed with osteosarcoma of the hand and foot.
The present study described the treatment approach, clinical
characteristics and outcomes of these patients. A total of four
case studies of patients with osteosarcoma in these locations
were also presented. The present study demonstrated that
misdiagnosis of osteosarcoma of the hand and foot often led
to patients being administered with an incorrect treatment
initially. The prognosis of patients in the present study aligned
with existing literature and was favorable compared with that of
osteosarcomas in other anatomical regions. The present study
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Figure 20. Case 4. CT scan showing multiple lung metastases in the patient
diagnosed with giant cell-rich osteosarcoma. Red circles indicate metastases.

adds valuable information to the existing literature on osteosar-
coma of the hand and foot by providing essential data on clinical
outcomes from a sarcoma center, which may potentially help
guide clinicians towards effective treatment strategies for these
patients.
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