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Abstract

BACKGROUND

Chondrosarcoma of the foot is a rare malignant bone tumour, and it is even rarer
when it originates in a toe bone. Surgical excision is the only effective treatment.
The osteolytic destruction of the tumour severely affects limb function and carries
the risk of distant metastasis. Most such tumours are removed surgically to
minimize local recurrence and distant metastases, maximize limb function, and
prolong the patient's tumour-free survival time. The main objective of this article
is to present the case of a chondrosarcoma that invaded the first phalanx of the left
foot and formed a large phalangeal mass with osteolytic destruction of the distal
bone.

CASE SUMMARY

A 74-year-old man suffered from swelling of his left toe for six months, with pain
and swelling for two months. Computed tomography and magnetic resonance
imaging showed that the tumour on the first phalanx of the left foot was approx-
imately 54.9 mm x 44.6 mm, surrounded by a significant soft tissue signal mass,
with osteolytic destruction of the distal phalanx and a speckled bone-like high-
density shadow within it.

CONCLUSION

Chondrosarcoma occurring in a toe bone is extremely rare. In this case, extensive
surgical resection of the large low-grade chondrosarcoma, which showed
osteolytic destruction and invaded the distal metatarsal bone, was safe and
effective.

Key Words: Chondrosarcoma; Phalanges tumour; Diagnosis; Surgery; Case report
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Core Tip: The main objective of this article is to present a case of chondrosarcoma that invaded the first
phalanx of the left foot and formed a sizeable phalangeal mass with osteolytic destruction of the distal
bone. Chondrosarcoma originating in a toe bone has only been sporadically reported, and this case report
will help clinicians better understand this rare lesion.

Citation: Zhou LB, Zhang HC, Dong ZG, Wang CC. Chondrosarcoma of the toe: A case report and literature
review. World J Clin Cases 2022; 10(25): 9132-9141

URL: https://www.wjgnet.com/2307-8960/full/v10/i25/9132.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i25.9132

INTRODUCTION

Chondrosarcoma is the second most common primary malignant tumour of bone, accounting for
approximately 25% of all primary bone tumours. It has an annual incidence of approximately 6.63 per 1
million people and is characterized by the production of tumourigenic cartilage[1-3]. Chondrosarcoma
can occur at any age, with a mean age of 50 years, and it affects slightly more men than women (55%:
45%)[4]. The anatomical sites most commonly involved in chondrosarcoma include the long tubular
bone (40%), pelvis (25%), and scapula[3,5].

Chondrosarcoma of the foot is a rare malignant bone tumour. One study found that the prevalence of
chondrosarcoma of the foot is approximately 3.0%, with the highest prevalence in the metatarsal bone,
and the overall survival of chondrosarcoma of the foot is better than that of chondrosarcoma of other
anatomical sites[6]. It is even rarer when it arises in phalanges, the incidence of which has not been
clearly established and has rarely been reported in the literature. Chondrosarcoma is insensitive to
radiation and chemotherapy; thus, surgery remains the preferred treatment modality. This case report
expands the literature on chondrosarcoma of the toe and will help clinicians better understand this rare
lesion.

CASE PRESENTATION

Chief complaints
A 74-year-old man suffered from swelling of his left toe for six months, with pain and swelling for two
months.

History of present illness
A painless left calcaneal mass observed over six months presented with a rapidly enlarging mass, a
significant increase in size, and localized symptoms of pain and swelling for two months.

History of past illness
He reported that he had noticed a mass on the lesser toe of his left foot that had gradually increased in
size over the past six months and was not taken seriously.

Personal and family history
He had no family history of chondrosarcoma disease or any other disease.

Physical examination

Physical examination showed swelling of the left calcaneus and a palpable round mass of approx-
imately 60.0 mm x 50.0 mm in size with a mallet-like appearance. The mass was soft, with tenderness on
palpation and indistinct borders. The movement of the interphalangeal joint and the metatar-
sophalangeal joint was limited. Other physical examination findings were normal.

Laboratory examinations
The results of routine blood tests and biochemical tests were normal.

Imaging examinations

Computed tomography (CT) and magnetic resonance imaging (MRI) showed a large tumour in the first
phalanx of the left foot. A CT scan showed osteolytic destruction of the distal bone of the first phalanx of
the left foot, with a local soft tissue density mass of approximately 54.9 mm x 44.6 mm, a local CT value
of approximately 21 HU, and a speckled bone-like high-density shadow within it (Figure 1). MRI +
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Figure 1 Computed tomography imaging of chondrosarcoma of the toe. A: Osteochondrosarcoma of the first phalanx of the left foot (arrow) [computed
tomography (CT) axial bone window] shows osteolytic destruction of the distal bone of this phalanx; B: Osteochondrosarcoma of the first phalanx of the left foot
(arrow) (CT axial soft tissue window) shows the longest diameter of the local soft tissue mass with speckled bony hyperintensity; C: Osteochondrosarcoma of the first
phalanx of the left foot (arrow) (CT 3D view) showing osteolytic destruction of the distal bone of this phalanx; D: Osteochondrosarcoma of the first phalanx of the left
foot (arrow) (CT sagittal soft tissue window) shows the widest diameter of the local soft tissue mass and the relationship of the lesion to the adjacent phalanx with a
speckled bony hyperdense shadow.
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enhancement showed that the typical shape of the first phalanx of the left foot had disappeared, and a

large soft tissue signal mass with equal length T1 Weighted Image (T1WI) signals was seen around it
(Figure 2).

FINAL DIAGNOSIS

The final diagnosis was chondrosarcoma.

TREATMENT

The preoperative imaging findings were suggestive of malignant occupancy of the first phalanx of the
left foot with the possible distal invasion of the adjacent metatarsals. All routine blood tests, biochemical
tests, and chest radiographs were within normal limits, and parallel CT examinations of the head, chest,
abdomen, and pelvis revealed no metastatic lesions or other tumourigenic lesions.

The patient and his family were informed of his condition based on the imaging findings and clinical
symptoms. Due to the possibility of invasion of the adjacent distal metatarsal bone, the patient was
advised to undergo extensive resection, and the patient and his family agreed. A joint surgeon
performed the surgical treatment. The surgeon performed an osteotomy of the first phalanx of the left
foot and distal bone removal of the adjacent metatarsal. The tumour tissue was excised and sent for
histopathological examination.

OUTCOME AND FOLLOW-UP

The pathological result was reported as highly differentiated cartilaginous sarcoma (low-grade
malignancy) (Figure 3). The patient was followed up for 30 mo after surgery, and the patient was in
good condition with no tumour recurrence or distant metastasis (Figure 4).

DISCUSSION

Clinical manifestations

Chondrosarcoma is a malignant tumour of mesenchymal cell origin that can be primary or secondary to
benign cartilage tumours[7]. A common clinical symptom of chondrosarcoma is localized pain with or
without a significant mass. Local pain is an essential feature for distinguishing chondrosarcoma from
benign cartilage tumours. This pain is thought to be caused by invasive growth of the chondrosarcoma,
and the pain increases with increasing malignancy. At first, the pain is often intermittent and mild, and
then it gradually develops into persistent severe pain, nocturnal pain, and tenderness. When the
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Figure 2 Magnetic resonance imaging of chondrosarcoma of the toe. A: T1 weighted imaging shows a low-signal shadow of the mass (arrow); B: The
mass enhances heterogeneously and is seen to strengthen with intracompartmental separation-like enhancement and a high-signal shadow distal to the metatarsal
bone (arrow).

Figure 3 Pathology of chondrosarcoma of the toe. A: Haematoxylin and eosin-stained section of the tumour (x 20 magnification). Microscopically, there are
many slightly heterotopic chondrocytes with large cell densities and binucleated and multinucleated types; B: Haematoxylin and eosin-stained section of the tumour (x
40 magnification). Most of the tumour cells are well differentiated, and some hypertrophic nuclear, large, binucleated cells can be seen in the background of the
tumour cartilage tissue, with differing degrees of cell heterogeneity and rare nuclear schizophrenia.

DOI: 10.12998/wjcc.v10.i25.9132 Copyright ©The Author(s) 2022.

Figure 4 Postoperative photos of the patient. The patient underwent resection of the first phalanx of the left foot + distal bone tumour of the adjacent
metatarsal and was followed up for 30 mo after surgery.

tumours is located close to the joint, the movement of the joint can be limited, and the surrounding soft
tissue mass can be easily palpated.
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Imaging and pathology

Early diagnosis facilitates effective treatment and improves the prognosis of patients with
chondrosarcoma. In addition to the above nonspecific symptoms and signs, the diagnosis of
chondrosarcoma mainly relies on imaging evaluation and histopathological characterization. Compared
with X-rays, CT is more reliable and sensitive for diagnosing chondrosarcoma, especially with small
tumours or tumours that have complex anatomical locations. CT is superior to X-rays for the detection
of calcifications[8]. The most common manifestations of chondrosarcoma on X-ray or CT are "ring",
"arc," or "popcorn" calcifications and invasive growth; osteolytic changes are also common[9]. The
specific imaging signs depend on the type and grade of the chondrosarcoma. Calcification of high-grade
chondrosarcoma is rare.

For example, intramedullary chondrosarcoma often presents with osteolytic changes and
osteosclerosis, often accompanied by calcification. In clear cell chondrosarcoma, calcification occurs in
only 30% of cases. Dedifferentiated chondrosarcoma shows a "biphasic sign" on X-ray or CT. Its imaging
manifestations are closely related to the two pathological components in the tumour and depends on the
proportion of low-grade and high-grade areas of the lesion[8,10]. MRI is superior to the other techniques
in terms of soft-tissue contrast. In typical cases, the edges of the lesion may show lobulated changes
with a low or medium signal on TIWI and a high signal on T2 Weighted Image. The combination of
MRI diffusion-weighted imaging and enhancement also allows for accurate staging of the lesion. Low-
grade lesions tend to show interval and peripheral enhancement, whereas high-grade lesions tend to
show diffuse enhancement of the solid component of the lesion, mostly accompanied by a large
nonenhancing necrotic shadow[11].

Pathological classification of chondrosarcoma, according to the WHO classification of bone and soft
tissue tumours in 2020, is divided into conventional, periosteal, and clear cell mesenchymal and
dedifferentiated chondrosarcoma. Conventional chondrosarcoma is divided into grades I, II, and III[12].
Eighty-five percent of chondrosarcomas are primary and of the conventional type[1]. Chondrosarcomas
are central (intramedullary), periosteal, or peripheral according to their location in the bone.
Chondrosarcomas are classified into primary and secondary chondrosarcomas by the source[13]. Since
the recurrence rate and prognosis of tumours after surgery for intermediate (locally invasive) atypical
cartilaginous tumour/chondrosarcoma grade I (atypical cartilaginous tumour, ACT/chondrosarcoma
grade I, CS1) differ significantly from site to site, mainly because the location of the tumour determines
the prognosis, the new version of the guidelines split atypical cartilaginous tumour/chondrosarcoma
grade I into ACT and CS1 based on the anatomical location, with the former retained in the intermediate
type and the latter upgraded to malignant disease. The diagnosis of ACT occurring in the tubular bones
of the extremities and the diagnosis of CS1 occurring in the mesial bones, such as the skull base, pelvis,
and scapula, suggest the need for complete surgical resection[14].

Chondrosarcoma histological grade (Evans grade) is categorized as grade I (low grade), grade II
(intermediate grade), or grade III (high grade). Grade I and II chondrosarcoma have a good prognosis,
while grade III chondrosarcoma has a high recurrence and metastasis rate[15]. Grossly, the growth is
lobulated, the cut surface is translucent or white with hyaline brittle tissue or even gel-like mucus, and
cystic changes can be seen. It can be sandy due to calcification and can be rigid or soft. Microscopically,
the density of grade I chondrocytes is low, the nucleus is fat and deeply stained, binucleate cells are
occasionally seen, and there are no mitotic images. The density of grade II chondrocytes is increased, the
nucleus is increased, the chromatin is thickened, heteromorphism and binucleate cells appear, and
mitotic images can be seen. Grade III has a high cell density, with prominent atypia, pleomorphism, and
mitotic images. Spindle cells around the leaflets are immature. Mutations of isocitrate dehydrogenase
type 1 (IDH1) or isocitrate dehydrogenase type 2 (IDH2) may exist in primary central chondrosarcoma
and periosteal chondrosarcoma[16].

Secondary chondrosarcoma

Secondary chondrosarcoma originates from osteochondroma or endogenous chondrosarcoma.
Clinically, they present as new painful episodes of existing lesions, and their histological presentation is
indistinguishable from that of primary conventional chondrosarcoma. Osteochondroma is one of the
most common benign tumors of bone. Multiple cases often have a family history called hereditary
multiple osteochondromas (HMOs), also known as hereditary multiple exostoses. HMO is an autosomal
dominant inherited abnormality of skeletal development[17]. Osteochondromas account for approx-
imately 80% or more of secondary chondrosarcomas. The average age at diagnosis is 35 years, which is
much younger than that for primary chondrosarcoma.

For patients with isolated exophytic warts, the lifetime risk of malignant transformation is approx-
imately 0.4%-2%, compared to 5%-25% for patients with HMOJ[18]. The cartilage cap indicates tumour
malignancy, and MRI can show this structure. A larger cartilage cap can indicate malignancy, but there
is no significant correlation between the thickness of the cartilage cap and the malignancy rate in young
patients[19]. One study showed that for cartilage caps of approximately 2 cm, the sensitivity and
specificity of MRI and CT were 100% and 98% and 100% and 95%, respectively[20]. However, imaging
and clinical aspects are vital because marginal cartilage caps with stable clinical and imaging
presentation are unlikely to be cancerous, whereas rapid enlargement may indicate malignant changes.
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Chondroma is a common benign tumour of bone. Cases that occur in the bone marrow cavity are
called endogenous chondroma, and those that occur on the bone surface are called periosteal
chondroma. This disease can have single or multiple lesions, and cases with multiple lesions are called
endogenous chondromatosis. Endogenous chondromatosis combined with skeletal deformities is called
Ollier's disease, whereas endogenous chondromatosis combined with soft tissue (and occasionally
visceral) haemangiomas of the limbs is called Maffucci syndrome[21].

Both diseases are nonhereditary benign diseases and are related to gene mutations of IDH1 or IDH2
[22]. Solitary endophytic chondroma has a 1-9% risk of malignant transformation. Approximately 40%
of Ollier's disease cases and more than 50% of Maffucci syndrome cases can be secondary to
chondrosarcoma[23]. Almost all patients with Maffucci syndrome will develop malignant trans-
formation. In addition to secondary skeletal system tumours, pancreatic cancer or biliary tract cancer
can also occur[24].

Ozmanevra et al[25] reported a patient initially diagnosed with endogenous chondroma who received
curettage and bone grafting. The tumour recurred locally seven months after the operation and was
then diagnosed as grade 2 chondrosarcoma, followed by resection of the proximal phalanx of the third
toe. At the one-year follow-up, the patient survived tumour-free. Therefore, lifelong monitoring is
required for patients with endogenous chondromatosis.

Prognosis

It remains controversial which factors affect the prognosis of chondrosarcoma, but tumour grading has
clear prognostic significance. The survival and metastatic potential of chondrosarcoma are closely
related to histological grade. Evans et al[15] found 10-year survival rates of 83%, 64%, and 29% for grade
I, I, and III chondrosarcomas, respectively. There were 40%, 60%, and 47% local recurrence rates for
low, medium, and high grades, respectively. The metastasis rate is low for low-grade chondrosarcomas,
10% for intermediate-grade metastases, and 71% for high-grade metastases. Patients undergoing
margin-negative surgery have a reduced risk of local tumour recurrence and improved survival.
However, even if they undergo margin-negative surgery, patients with grade III chondrosarcoma will
eventually die from recurrence and metastasis[26].

The current case is a 74-year-old male patient with a disease course of 8 mo. Although most of the
tumour cells were well differentiated (mildly heterogeneous chondrocytes) and mitotic images were
rare, cortical destruction and soft tissue expansion were apparent. Therefore, the patient underwent
extensive surgical resection. The patient was free of tumor tumour recurrence and distant metastasis at
the 30 mo postoperative follow-up. The most current version of the guideline diagnoses ACT/CS1
occurring in tubular bones of the extremities as ACT because of its relatively short anatomy, relatively
easy surgical resection, maximum negative margins, and significantly lower tumour recurrence rate.
Hence, patients have a longer tumour-free survival time.

Treatment modality

Surgical resection remains the treatment of choice for primary or secondary chondrosarcoma. According
to the Enneking staging[27], surgical resection is classified as local, extensive, or radical resection. Local
resection includes intracapsular curettage and marginal resection, intracapsular curettage is used for
central tumours, and marginal resection is used for peripheral tumours. Local excision is used when the
tumour is distant from the joint when cortical destruction and soft tissue invasion are not severe.
Extensive resection is used when the tumour is close to the joint, has cortical destruction, or has severe
soft tissue invasion. When anatomically permitted, the critical treatment for chondrosarcoma is a radical
operation; that is, the margin of the resected malignant tumour is negative under the microscope.
According to Laitinen et al[28], complete surgical resection reduces the risk of local recurrence of the
tumour.

Chondrosarcoma originating in the toe bone is usually of low grade (grade I), but controversy still
exists regarding the surgical approach to grade I chondrosarcoma. According to the latest guidelines,
some surgeons suggest that intrathecal curettage and local adjuvant treatment should be adopted for
treating the tubular bones of limbs, such as electric knife cauterization, bone cement, high-speed
grinding, drilling, ethanol, phenol, and liquid nitrogen[2,29].

We searched the following 8 databases: four English medical databases [MEDLINE (PubMed),
EMBASE, The Cochrane Central Register of Controlled Trials (Cochrane Library)], Web of Science
Database, and four Chinese medical databases [the China National Knowledge Database (CNKI),
Journal Integration Platform (VIP), WanFang Database and SinoMed (CBM]). We also manually
searched the additional relevant studies using the references of the systematic reviews that were
published previously. All of the searches were performed from inception to April 2022 and did not
impose restrictions on language, population or country. The following search strategy was used for
PubMed and was modified to suit other databases.

#1 (chondrosarcomalTitle/ Abstract])

#2 (Toe [Title/ Abstract])

#1 AND #2
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‘ PubMed (n = 36) ‘ ‘ Web of Science (1= 6) H CNKI (n=1) ‘ ‘ CBM (n=0) ‘

‘ EMBASE (n=17) ‘ ‘ The Cochrane Library (n = 0) H VIP (n=0) ‘ ’ WanFang (n=1) ‘

After removal of duplicate
literature (n = 37)

Full text literature available
(n=137)

!

Documents meeting
inclusion and exclusion
criteria (n= 5)

Included literature (n = 5) |
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Figure 5 Flow diagram of the search process.
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Literature inclusion and exclusion criteria were as follows: (1) The site of the disease was in the toe;
(2) Pathologically diagnosed as chondrosarcoma; (3) Chondrosarcoma was the main lesion; and (4) Not
combined with other malignant diseases. Figure 5 illustrates the study selection process.

Searching the relevant database, there were 5 cases of chondrosarcoma of the phalanx. Two of the
patients had grade 1 chondrosarcoma. The patients underwent resection of the first phalanx of the right
foot or resection of the mass on the first phalanx of the left foot with scraping of the proximal phalanx.
At the 1-year postoperative follow-up, none of the patients had local recurrence or distant metastases
[30,31]. Masuda et al[32] reported a case of primary grade 2 chondrosarcoma in which the patient
underwent resection of the distal half of the second proximal phalanx of the right foot. There was no
evidence of recurrence or metastasis at two years of follow-up. Ozmanevra et al[25] reported a
secondary grade 2 chondrosarcoma case with proximal phalangeal resection of the lesser toe. At the
one-year follow-up, the patient was tumour-free. We found that patients with grade 2 chondrosarcoma
of the toe bone had a better prognosis than those with chondrosarcoma of other sites. In addition,
studies have shown that the prognosis of secondary chondrosarcoma is similar to that of primary
chondrosarcoma, and the 5-year survival rate is approximately 90%[19]. It has been suggested that the
flexor and extensor tendon sheaths are natural barriers that limit the spread of toe tumours; thus,
metastases are uncommon[24]. The recurrence rate and metastasis rate of grade 3 chondrosarcoma are
relatively high. Rafi et al[33] reported that a patient with grade 3 chondrosarcoma of the right foot and
toe underwent amputation treatment. Left orbital and left infratemporal metastasis occurred, causing
swelling and pain and gradual vision loss in the left eye.

A literature review showed that the local recurrence rate was only 0%-7.7% when intracapsular
curettage was used for the resection of central low-grade chondrosarcoma of the limbs[34]. Chen et al[3]
showed that intracapsular curettage was a safe and functional method for treating central primary
grade I chondrosarcoma. Lesensky et al[35] concluded that curettage is the treatment of choice for
ACT/Grade I tumours; however, surgeons should be aware of the potentially high local recurrence and
recurrence rates. Resection is recommended for Grade II and Grade III chondrosarcomas. However, the
Dierselhuis et al[36] meta-score noted that the current level of evidence does not yet adequately support
local excision as a treatment modality for low-grade chondrosarcoma of the extremities. For grade IT and
III chondrosarcomas, extensive resection with negative margins should be performed[37]. Although
chondrosarcoma of the foot has a low risk of recurrence and metastasis, all patients require long-term
follow-up. The previously reported cases are listed in Table 1.

Chondrosarcomas are considered radiation-resistant tumours. However, the exact mechanism has not
been clarified. Several ideas have been proposed, such as the ability to inhibit reactive oxygen species
and the high expression of antiapoptotic genes[38,39]. Goda et al[40] showed that preoperative or
postoperative radiotherapy as an adjuvant treatment could reduce local tumour recurrence. Therefore,
radiotherapy can be administered to patients with inoperable or incomplete resection and tumour
recurrence, but its therapeutic significance is not yet supported by high-level clinical evidence.
Chemotherapy is usually ineffective for chondrosarcoma, especially for conventional and dedifferen-
tiated types. In the future, protein inhibitors targeting altered molecular pathways and mutated genes
may become a focus for targeted therapies.
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Age . Histological
Ref. Gender e Symptoms Tumor Location . g Treatment Follow-up
yr grading
Mondal[30] Male 37 The right big toe was Distal end of the ~ Gradel Excision of the big toe at the Followed up for 1 yr,
gradually swollenand  first phalange of metatarsophalangeal joint there was no tumor
painful for nearly two the right foot recurrence or
years metastasis
Halilogluet  Female 19 Painless swelling of the  First phalanx of ~ Grade I The mass was completely Followed up for 1 yr,
al[31] left big toe for 6 yr the left foot removed and the proximal there was no tumor
phalanx was scraped recurrence or
metastasis
Ozmanevra Female 52 Swelling of the left big  First phalanx of ~ Grade II Excision of the proximal Followed up for 1 yr,
et al[25] toe the left foot phalanx there was no tumor
recurrence or
metastasis
Masudaetal Female 32 Pain, swelling and nail ~ Second Grade I Resection of the distal part of ~ Followed up for 2 yr,
[32] deformity of the second  phalangeal bone the second proximal phalanx there was no tumor
toe of the right foot for 6 of the right foot recurrence or
mo metastasis
Rafiet al[33] Male 56 Pain, swelling and ill First phalangeal ~ Grade III Amputation (specific location ~ Left orbital and left
defined mass on the bone of the right unknown) infratemporal
right toe foot metastasis

Chondrosarcoma is a rare malignant bone tumour, and it is even rarer when it occurs in a toe. Local
excision is feasible for low-grade chondrosarcoma of the phalanx, which can minimize surgical trauma
while preserving the function and aesthetics of the limb. However, considering the risk of tumour
recurrence and metastasis, clinicians should carefully select cases that are not obviously aggressive on
imaging, and for patients with chondrosarcoma of grades I (aggressive), II, and III, extensive excision
with negative margins is the preferred initial treatment.
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