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Abstract

Surface tumors of the bone are broadly defined as a diverse group of osteogenic and chondrogenic benign and
malignant neoplasms that arise adjacent to the outer surface of cortical bone. They may be a cause of diagnostic
difficulty due to a degree of histological overlap, rarity, and nomenclature. In this review we summarize the different
histological types of primary malignant tumors of bone surface, namely, secondary peripheral chondrosarcoma,
periosteal chondrosarcoma, parosteal osteosarcoma, dedifferentiated parosteal osteosarcoma, periosteal
osteosarcoma, and high-grade surface osteosarcoma. We provide a comprehensive updated review of their
pathogenesis and highlight radiological, macroscopic, and histopathological features and recently available ancillary
diagnostic tools that may aid in the differential diagnosis.

Keywords: Secondary peripheral chondrosarcoma, periosteal chondrosarcoma, parosteal osteosarcoma, periosteal
osteosarcoma, high-grade surface osteosarcoma

INTRODUCTION

Primary malignant tumors of the bone surface are a group of osteogenic and chondrogenic neoplasms with
different clinical behaviors, which depend greatly on their histologic type. Their overall incidence is very
low, constituting approximately 3.5% of all primary bone tumors'. Their rarity, overlapping morphology,
and the therapeutic implications of their correct identification make their diagnosis better rendered
by expert hands in an integrated, multidisciplinary setting. The aims of this review are to outline the
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main clinicopathologic and radiologic features of malignant tumors of bone surface, to summarize their
pathogenesis and to offer a useful framework for their differential diagnosis with emphasis on potential
diagnostic difficulties.

CHONDROGENIC TUMORS
Secondary peripheral chondrosarcoma

Definition and clinical features

Secondary peripheral chondrosarcomas are cartilaginous malignant neoplasms arising from the chondroid
cap of pre-existent osteochondromas. They are graded into grades 1 to 3, according to the World Health
Organization (WHO) histological grading system used for central chondrosarcomas. Grade 1 neoplasms
receive the name of secondary peripheral atypical cartilaginous tumor if they arise in the appendicular

skeleton, and secondary peripheral chondrosarcoma grade 1 if they arise in axial locations'

They constitute approximately 12%-18% of all chondrosarcomas'™, and occur after puberty, with a
peak incidence between 20 and 40 years. Males are affected more than females™". Secondary peripheral
chondrosarcomas most commonly arise in the bones of the pelvis (40% of cases). Other common locations
are the proximal and distal femur (19.5%), scapula (10%), vertebral column (9%), and ribs (5%)[1].

Rapid growth or onset of pain on a pre-existing osteochondroma after puberty, should raise suspicion of
malignant transformation, which occurs in 1% of solitary osteochondroma and in up to 5% of patients
with hereditary multiple osteochondromas. Depending on the location of the neoplasm, neurologic (e.g.,
numbness, weakness, radiating pain, paraplegia), urinary, or colonic symptoms may be present.

Imaging

Radiographically, secondary peripheral chondrosarcoma has the typical aspect of an osteochondroma
with lytic areas and fuzzy margins. On CT, large, noncalcified tumoral lobules, ring-like or popcorn-
like radiopacities, and a thick cartilaginous cap are evident features"' [Figure 1]. TIMRI images show a
lobulated, ill-defined, inhomogeneous muscular signal intensity mass; whereas on T2MRI, heterogeneous
signal intensity with foci of signal void due to the calcified areas and a thick peripheral layer of white signal
due to the cap of the lesion are evident.

Macroscopic features

Secondary peripheral chondrosarcomas are large, cauliflower-like masses covered by a thin pseudo-capsule
and beneath it, a lobulated and chalky cartilaginous cap measuring more than 2 cm in its thickest portion
(thickness mean 3.9 cm)m [Figure 1].

Microscopic features

The overall appearance of the cap is that of disorganized cartilage arranged in lobules divided by fibrous
trabecula. Grade 1 tumors (65% of the Rizzoli series of cases) are hyaline and mildly hypercellular, contain
disorganized chondrocytes, and have areas of coarse calcifications. Grade 2 and 3 neoplasms (30% and 5%
of Rizzoli series of cases, respectively) are more hypercellular, exhibit nuclear atypia and pleomorphism,
and have a mostly myxoid cartilaginous matrix. Necrosis can be seen. Mitosis and spindling of peripheral

chondrocytes are more easily found in grade 3 neoplasms'".

Secondary peripheral chondrosarcoma rarely grows in a truly infiltrative pattern. Instead, lobules of
cartilage push into the soft tissues, sometimes in the form of satellite nodules. Soft tissue infiltration is a
bona fide sign of malignancy.
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Figure 1. CT scan image of femoral peripheral secondary chondrosarcoma in patient with hereditary multiple osteochondromas with
characteristic cortical flaring at the junction of the host bone with the stalk of the neoplasia (A); Macroscopic image of exophytic
osteocartilaginous neoplasm containing a glistening cartilaginous cap more than 2 cm thick (B); Cartilaginous cap at the interphase
with bone stalk, which is continuous with the host medullary canal (H&E; 25X) (C); Disorganized, hypercellular and atypical hyaline
cartilage arranged in lobules separated by fibrous bands (H&E; 50X) (D)

There is continuity between the cortex and the medulla of the host bone and the bony stalk of the neoplasm
[Figure 1].

Pathogenesis

The cartilaginous cap in osteochondromas is mosaic (genetically), and contains a subpopulation of
chondrocytes harboring biallelic mutations of tumor-suppressor genes Exostosin-1 or 2 (EXT1 or EXT2),
admixed with chondrocytes that are either wild-type or have monoallelic mutations””. EXT1 and EXT2
genes encode transmembrane glycosyltransferases that act in the polymerization of heparan sulfate

chains".

The functional outcome of EXT1 and EXT2 mutations is the production of truncated proteins with loss
of enzymatic activity'” and impaired synthesis of heparan sulphate chains on cell surface and matrix
proteoglycans. In the growth plates, heparan sulfate plays an important role in establishing and maintaining
tissue polarity'®”’
intracellular signal transduction pathways'*”** including Thh, BMP, Wnt, and FGF"*"". The impaired
elongation of heparan sulfate glycosaminoglycans disrupt cell polarity and the activity of these signaling

pathways, which may result in ectopic growth of mutated cells and osteochondromagenesis.

, in the diffusion of ligands, and in the binding of signaling molecules to receptors of

Progression to secondary peripheral chondrosarcoma, a neoplasia with chromosomal instability and
complex karyotypes“z], is hypothesized to happen upon acquisition of additional genetic changes by the
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chondrocytes within the cartilaginous cap that retain one or both functional copies of EXT genes™"”. The
proliferative advantage and clonal outgrowth are likely driven by loss of cell cycle regulators CDKN2A and
TP53™",

Diagnostic ancillary techniques
Immunohistochemical or molecular testing are not relevant for diagnosis.

Main differential diagnosis

Osteochondroma develops in skeletally immature patients during stature growth. Peak incidence is in
the first and second decades of life'"’. As opposed to secondary peripheral chondrosarcomas, the great
majority of cases of osteochondromas occur in the growth plate area in the juxta-epiphyseal region of long
tubular bones and less frequently involve flat bones. The most objective parameters to raise suspicion of a
secondary peripheral atypical cartilaginous tumor/secondary peripheral chondrosarcoma grade 1 arising
in an osteochondroma is the presence in the latter, of a cartilaginous cap greater than 2 cm (measured
perpendicularly to the osteocartilaginous interphase). Nevertheless, this feature is in and of itself not
enough to make a diagnosis of secondary peripheral chondrosarcoma in the absence of other signs of
malignancy, such soft tissue invasion, as a very small percentage of osteochondromas may exhibits a
cartilaginous cap greater than 2 cm™', Microscopic features can greatly overlap, thus a multidisciplinary
approach to diagnosis is mandatory.

Periosteal chondrosarcoma lies directly over the cortex of the host bone and does not present
corticomedullary continuity of the tumor with the bone of origin. A peripheral layer of metaplastic bone (i.e.,
pseudo-cortex) is present in nearly 50% of periosteal chondrosarcomas'

Periosteal osteosarcoma contains osteoid-producing primitive mesenchymal cells between the cartilage
lobules, which are absent in secondary peripheral chondrosarcoma. Central chondrosarcoma is separated
from secondary peripheral chondrosarcoma by its location in the medullary cavity. The former is

molecularly characterized by IDH mutations, which are absent in secondary peripheral chondrosarcoma'”

Treatment and prognosis

The treatment is surgery with wide margins, and will depend on the severity of symptoms, the size of
the lesion, and its location®’
Radiotherapy and chemotherapy are not effective. Local recurrences can occur and are related to
incomplete excision. Prognosis after treatment is excellent and metastasis is very rare.

’| Amputation is necessary when the neoplasm is otherwise inoperable.

Periosteal chondrosarcoma

Definition and clinical features

Periosteal chondrosarcoma is a low grade malignant cartilaginous neoplasm of the bone surface that, by
definition, invades the underlying cortex and/or measures more than 5 em™ Tt is approximately three times
less frequent than periosteal chondroma'*" and represents 2.5% of all chondrosarcomas.

It occurs in adults, predominantly in males, with the peak incidence in the fourth decade. It typically
involves the metaphysis of long tubular bones, the distal femur being the most frequent location, followed
by the proximal humerus.

Imaging

Radiographic findings of periosteal chondrosarcoma include a round, lobulated mass on the surface of
bone with chondroid matrix mineralization in the form of “popcorn” opacities and sometimes metaplastic
ossification. Occasionally, the neoplasm can exhibit the same radiopacity as soft tissues. The underlying
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Figure 2. CT scan image of periosteal chondrosarcoma arising in the femur with cortex erosion in a well-limited way (A); Macroscopic
image of periosteal chondrosarcoma showing a large, lobulated mass lying in direct apposition with the underlying outer cortex (B);
Microscopic interphase of the neoplasm with the host bone cortex, showing erosion and focal thinning (H&E; 25X) (C); Outer surface of
the tumor showing bosselated margins and hypercellular, myxoid neoplastic lobules (H&E; 50X) (D)

cortex often appears thickened and sclerotic, slightly saucer-shaped and with a sharply defined border
[Figure 2], although it may be thin and radiographically indistinct beneath tumors arising in infrequent

sites, such as spongy bones"".

Macroscopic features

Periosteal chondrosarcoma presents as a large mass, usually measuring over 5 c¢m, located directly on the
bone surface and associated with erosion or invasion of the subjacent cortical bone [Figure 2]. Grossly, it is
lobulated, and its cut surface is greyish and glistening, frequently with gritty areas of calcification.

Microscopic features

Periosteal chondrosarcoma is characterized by lobular growth of most often moderately cellular cartilage
exhibiting myxoid matrix, frequent calcifications, and endochondral ossification. The neoplastic
chondrocytes show variable degrees of cytological atypia, although marked nuclear pleomorphism is not a
feature of periosteal chondrosarcoma. Osteoid or bone directly formed by the neoplastic chondrocytes is
absent. Mitosis figures are very rare.
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Invasion of the underlying cortex is present, even in tumors less than 5 cm. Also, involvement of medullary
canal is seen in a proportion of cases, as is invasion of soft tissues. In a subset of cases (50%, in our

experience) the periphery of the tumor is encased by a complete or incomplete layer of mature cortical
bone"**”.

Pathogenesis

A subset of periosteal chondrosarcomas harbors heterozygous, somatic IDH1 R132C mutations
IDH1 is a metabolic enzyme of the tricarboxylic acid cycle that catalyzes the conversion of isocitrate to
a-ketoglutarate.

[17,22,23]

Mutated IDH1 has reduced catalytic activity for the production of a-ketoglutarate and increased catalytic
activity for the production of 2-hydroxyglutarate, due to an acquired neomorphic activity™".

The elevated level of the oncometabolite 2-hydroxyglutarate epigenetically inhibits osteogenic
differentiation of mesenchymal stem cells through histone hypermethylation in the promoter regions
of alkaline phosphatase. It also promotes chondrogenic differentiation through histone modifications of
promoter regions of master transcription factors for chondrogenesis, SOX9 and COL2A 1%,

Loss of protein expression of cell cycle regulator CDKN2A/P16/INK4A is found in 50% of cases of
periosteal chondrosarcomas suggesting that the pRB pathway is involved in tumoral progression””

Diagnostic ancillary techniques

The commercially available IDH1 R132H antibody is a highly specific and sensitive marker for the
detection of the R132H mutant allele, but does not detect other IDH mutants, including the R132C found
in periosteal chondrosarcomas'”.

IDH mutational analysis can be useful in differentiating periosteal chondrosarcoma from the more
aggressive periosteal osteosarcoma, but it does not discriminate between periosteal chondroma and
periosteal chondrosarcoma.

Main differential diagnosis

The main differential diagnosis is periosteal chondroma, which occurs predominantly in younger adults
and children (peak incidence in the second decade) in the proximal humerus and the short tubular bones
of the hands™”. Radiographically, it shows solid periosteal bone buttressing, which is absent in periosteal
chondrosarcoma. Although some overlap in size might exist, periosteal chondromas are, on average,
smaller than periosteal chondrosarcomas, the former only rarely exceeding 3 cm. Periosteal chondroma can
erode and scallop the cortical bone, thus tumor nodules within the sclerotic cortex can be seen sometimes.
They do not represent true invasion, but an artifact due to tangential sectioning. Real invasion of cortical
bone and soft tissues is absent. Histologically, periosteal chondromas are usually hypocellular and devoid of
cytological atypia.

Periosteal osteosarcoma is diaphyseal and has a pathognomonic radiological appearance. The cartilaginous
areas in periosteal osteosarcoma show marked pleomorphism compared to the cartilage of periosteal
chondrosarcoma. Also, the intervening bands of bone-producing primitive mesenchymal cells present in
periosteal osteosarcoma are, by definition, absent in periosteal chondrosarcoma.

Secondary peripheral chondrosarcoma exhibits the characteristic corticomedullary continuity of the stalk
of the tumor and the bone of origin, which is absent in periosteal chondrosarcoma [Figure 2].
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Treatment and prognosis

Conservative surgery with wide margins is usually effective. The prognosis is very good, with local
recurrence of 13%-28% and metastatic rates of 512.2% . Metastasis primarily involve the lungs and, rarely,
the lymph nodes™. In the Rizzoli case series of periosteal chondrosarcomas, no patient died of tumor*"’,

OSTEOGENIC TUMORS

Parosteal osteosarcoma

Definition and clinical features

Parosteal osteosarcoma is a low-grade osteosarcoma with low-metastatic potential that arises on the cortical
surface of bone. It constitutes 4.3% of all osteosarcomas'"’ and, although infrequent, is the most common
osteosarcoma of the bone surface. Its peak of incidence is in young adults between 20 and 40 years old
(mean age of 31 years) with a slight female predominance™’. It almost exclusively affects the metaphysis
of long bones of the extremities, with a marked predilection for the distal metaphysis of the femur (60%
cases). Only exceptionally it occurs in flat bones, small bones of hands and feet and vertebrae. Parosteal
osteosarcoma most commonly debuts as a long standing, painless and indurated mass.

Tumoral progression into a high-grade dedifferentiated parosteal osteosarcoma is seen in a percentage
of cases and can occur either at presentation (primary/synchronous type) or at the time of recurrence
(metachronous type). In primary dedifferentiated parosteal osteosarcomas the clinical history is sometimes
more abrupt.

Imaging

Due to its indolent growth, parosteal osteosarcoma is usually discovered when it has achieved large
dimensions. It is a circumferential or mushroom shaped mass of osseous radiodensity fused to the cortex
[Figure 3]. Radiodensity is maximal near the implant base, while the outer margin tends to be blurred.
Detailed radiographies show a mesh of trabecula (“steel-wool” pattern), ranging from ground glass to ivory
density". Areas of radiolucency on plain films or CT scans and hyperintense on fluid-sensitive MRI can be

present in approximately 60% of dedifferentiated parostal osteosarcomas'™”

The combination of MRI and CT allows for high accuracy in the determination of the extent of
intramedullary infiltration of the tumor, thus assisting in the planning of conservative surgeries that avoid
surgical morbidity™".

Macroscopic features

Grossly, parosteal osteosarcoma presents as a firm, exophytic and lobulated mass with a broad base
attachment to the cortex of the host bone. It can grow either longitudinally along the long axis of the
bone or encircle it [Figure 3]. Elevation of periosteum and reactive periosteal bone formation are typically
absent. The cut surface is whitish, hard, or gritty and may contain areas of cartilage. When dedifferentiation
is present, its occurrence is characterized by a tan and fleshy component not infrequently accompanied by

areas of hemorrhage and fluid cavities that may correlate well with the lucent areas in imaging studies”.

Microscopic features

It is composed of long fascicles of deceptively bland spindle cells embedded in a collagenous stroma and
intervening, well-formed bone trabecula. The fibrous fascicles are hypocellular and the spindle cells exhibit
minimal nuclear atypia. Mitotic figures are inconspicuous. The bone trabecula are typically arranged in
parallel streamers but can also be more curvilinear and arranged in an anastomosing fashion [Figure 3].
Osteoblastic riming is inconsistently present.
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Figure 3. X-rays of distal femur exhibiting an exophytic and sclerotic mass projecting from the cortex in its popliteal fossa (A); Gross
specimen of parosteal osteosarcoma, encircling the femur with a gritty cut surface (B); Characteristic microscopic arrangement of
parallel bone trabecula and the intervening low-grade fibroblastic component (H&E; 50X) (C); MDM2 nuclear positivity (IHC; 50X) (D)

A peripheral cartilaginous component is seen in 25-50% of cases' ™ in the form of chondroid nodules. The

presence of areas of higher histological grade, frank anaplasia and brisk mitotic activity within the tumor
indicates dedifferentiation. The high-grade dedifferentiated component most commonly exhibits features of
conventional osteosarcoma or undifferentiated pleomorphic sarcoma®, although rhabdomyosarcomatous
dedifferentiation has also been reported””. Infiltration of the soft tissue and medullary canal can be seen.

Pathogenesis

Supernumerary ring chromosomes containing high-level amplification of chromosomal regions 12q13-15,

[33,34

including MDM2 and CDK# loci, is a consistent finding in parosteal osteosarcoma™*", As a result, two

major pathways of growth regulation may be inhibited: MDM2 may downregulate the p53- mediated
growth control and CDK4 may affect the function of retinoblastoma tumor suppressor protein (pRb)"**,

leading to deregulation of the cell cycle.

Diagnostic ancillary techniques

MDM?2 gene amplification by in situ hybridization techniques, or surrogate immunohistochemical

expression of MDM2 are useful and routinely used to confirm diagnosis™”
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Main differential diagnosis

Juxtacortical myositis ossificans is composed by a spindle-cell proliferation admixed with woven bone
that exhibits a zonation pattern of progressive maturation toward the periphery of the lesion. The spindle
cell component is similar to that seen in nodular fasciitis, characterized by non-cohesive, plump, spindle-
shaped cells reminiscent of tissue culture; instead of the long fascicles present in parosteal osteosarcoma.
MDM2 amplification is absent in myositis ossificans, while rearrangement of USP6 can be detected"”.

Desmoplastic fibroma and fibrous dysplasia are also characterized by hypocellular fascicles of bland
spindle cells in a collagenous background but lack the bone trabecula seen in parosteal osteosarcoma. In
ambiguous situations, they can be confidently separated from parosteal osteosarcoma by the absence of
MDM2 amplification or MDM2 nuclear immunostaining.

Osteoma affects almost exclusively bones formed by membranous ossification, thus locations outside the
craniofacial bones and jaws, where this entity might constitute a diagnostic differential, are extremely rare.
Osteoma contains cortical-type bone and lacks the fascicles of spindle cells seen in parosteal osteosarcoma.

Up to a fourth of bizarre parosteal osteochondromatous proliferation (BPOP) may arise in long tubular
bones™*"!, a location where it must be distinguished from parosteal osteosarcoma. The latter is exceedingly
rare in small tubular bones of hands and feet, which are the sites of predilection of BPOP.

BPOP are smaller lesions measuring from a few millimeters up to 3 cm. BPOP has a zonal architecture,
absent in parosteal osteosarcoma, comprised by an admixture of cancellous bone, aggregates of cartilage
and fibrous tissue. Characteristically in BPOP, an irregular zone of endochondral ossification and
calcification, characterized by the presence of so-called “blue bone” is present in the interface between
cartilage and bone.

Dedifferentiated parosteal osteosarcoma can be distinguished from periosteal and high-grade surface
osteosarcoma by the presence of a low-grade spindle-cell component and MDM2 amplification in
dedifferentiated parosteal osteosarcoma.

Treatment and prognosis

Parosteal osteosarcoma is a locally aggressive tumor with limited potential for distant spread. Hence,
surgical resection with adequate margins is the treatment of choice. Chemotherapy is reserved for
dedifferentiated paraosteal osteosarcomas. The incidence of local recurrences has been demonstrated to be
strictly related to the adequacy of surgical margins[“].

The prognosis of parosteal osteosarcoma is excellent. Long-term survival rate for this entity is at least
90%. Nevertheless, it possesses a risk of transformation into an intermediate or high-grade sarcoma
(dedifferentiation), either at first diagnosis or after recurrences, estimated to occur in between 14%"** and
24% of cases'
diminishing overall survival and equating it to that of conventional high-grade osteosarcomas

% Dedifferentiation confers a significantly worse prognosis to parosteal osteosarcomas,
[29,43]

Periosteal osteosarcoma

Definition and clinical features
Periosteal osteosarcoma is an intermediate grade, mainly chondroblastic, bone-producing sarcoma that
arises on the surface of bone beneath the periosteal layer™. It is rare, accounting for less than 2% of all

osteosarcomas'"****! Tt mostly affects children, adolescents and young adults with a peak incidence in
the second decade of life". The most common sites of involvement are the diaphysis of the tibia and the
[1,44]

femur'"*"****!, but other long bones of extremities and much less frequently, flat bones, can be involved™*",
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Figure 4. CT scan image of periosteal osteosarcoma originating in tibial diaphysis, forming bone, with thick periosteal bone formation.
The neoplasm is elongated, mainly lucent (A); Subperiosteal, fusiform mass with broad base of attachment to outer cortex of host
bone. The external surface is covered by fibrous tissue. The cut surface is mostly cartilaginous, but also contains perpendicular bands
of ossification (B); Chondroblastic lobules separated by bands of undifferentiated spindle cells (H&E; 25X) (C); Osteoid-producing
undifferentiated neoplastic cells (H&E, 50X) (D)

Periosteal osteosarcomas present as swellings of relatively short duration, with or without accompanying
pain.

Imaging

Periosteal osteosarcoma is a fusiform, mainly lucent mass with well-defined borders [Figure 4]. It usually
contains perpendicular linear striae that radiate from the underlying host bone. Sometimes a Codman
triangle can be seen"”. CT and MRI are helpful in ruling out neoplastic infiltration to the bone marrow,
which is rarely present.

Macroscopic features

Periosteal osteosarcoma is a subperiosteal, fusiform mass with a broad base attached to the outer cortex.
Periosteal elevation and reactive bone formation are present. The external surface is covered by a layer
of fibrous tissue derived from periosteum. Scalloping and thickening of outer cortex is characteristic.
Intramedullary extension may be present. The cut surface consists of lobules of glistening cartilaginous
areas, separated by bands of ossification perpendicular to the cortical surface of the host bone [Figure 4].

Microscopic features

Ill-defined lobules of atypical cartilage dominate the histological picture. The cartilaginous areas are
separated by sarcomatous bands of undifferentiated spindle cells with primitive appearance. Within these
bands, osteoid and immature bone produced by neoplastic cells are seen [Figure 4]. Perpendicular streaks
of reactive bone with osteoblastic rimming traverse the neoplasm.
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Pathogenesis
No consistent genetic abnormality has been reported for periosteal osteosarcoma'”.

Diagnostic ancillary techniques

Compared to low-grade central osteosarcoma and parosteal osteosarcomas, MDM2 and CDK4 are very
rarely expressed in periosteal osteosarcoma and therefore they do not seem to be molecules central to the
control of cancer development, growth, and progression in this rare subtype of osteosarcoma'””

Main differential diagnosis

BPOP arising in long bones may be mistaken for a periosteal osteosarcoma, due to its rapid growth, high
rate of local recurrences and atypical histology[38’39]. BPOP does not exhibit the brisk mitotic activity nor the
level of cytological atypia observed in periosteal osteosarcomas. In addition, blue bone is a feature of BPOP
absent in periosteal osteosarcoma.

Parosteal osteosarcoma arises in metaphysis of long bones in slightly older population. Their radiological
growth patterns are dissimilar. Microscopically their recognition is usually straightforward due to the fact
that parosteal osteosarcoma is predominantly fibroblastic, is typically low-grade, and contains abundant
tumor bone; whereas periosteal osteosarcoma is predominantly chondroblastic and of intermediate to high
grade.

Differentiating a periosteal osteosarcoma from a high-grade surface osteosarcoma is of prognostic and
therapeutic importance, as high-grade surface osteosarcoma behaves in a much more aggressive manner.
High-grade surface osteosarcomas most frequently arise in metaphysis of long bones of extremities.
Histologically, periosteal osteosarcoma shows less anaplasia and more prominent chondroid differentiation
than high-grade surface osteosarcoma. High-grade surface osteosarcoma is a high-grade tumor (grades 3
or 4), whereas periosteal osteosarcoma is an intermediate grade tumor (grades 2 or 3)”.

Periosteal chondrosarcoma arises predominantly in metaphyseal locations and in older patients. The
neoplastic cartilage lacks marked nuclear pleomorphism, mitotic figures are rare, and osteoid or bone
formed by the neoplastic chondrocytes are absent.

Treatment and prognosis

Treatment consists of en bloc resection with wide margins without chemotherapy. Periosteal osteosarcoma
has less aggressive behavior compared to high-grade osteosarcoma, including a lower propensity for
systemic recurrence which is reported to be around 15% in periosteal osteosarcoma'™*". The 10-year
overall survival rate is 77.1%-849% **".

High-grade surface osteosarcoma

Definition and clinical features

High-grade surface osteosarcoma is a high-grade, malignant, bone-forming neoplasm arising in the
bony surface with minimal or no involvement of the underlying cortical bone. It is the least common
type of surface osteosarcoma, representing approximately 1% of all osteosarcoma types. It mostly affects
adolescents and young adults with a peak incidence in the second decade of life and a striking male
predominance'’. The skeletal distribution is similar to that of conventional osteosarcoma, most frequently
involving the metaphysis of the distal femur, proximal tibia, and proximal humerus.

Imaging
X-rays show mixed non-mineralized and mineralized matrix with fine cloud-like areas of opacity".
Periosteal reaction is uncommon, and the margins are indistinct [Figure 5]. Up to one third of the tumors
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Figure 5. CT scan shows a tumor that develops in the soft tissue but starts from the cortex (A); High-grade surface osteosarcoma of
distal femur with cortical erosion (B); Infiltrating neoplasm in the surrounding soft tissues (H&E;25X) (C); Highly atypical features and
osteoid production (H&E; 50X) (D)

show minimal medullary involvement in CT and MRI images"”. MRI facilitates the identification of
cartilage that is scattered throughout the mass.

Macroscopic features

Lobulated, relatively well-circumscribed, broad-base mass on the periosteal surface of the bone. It
frequently extends to the periosteum and can erode the cortex, but the vast majority of the tumor remains
outside the bone [Figure 5]. Any significant penetration beyond the endosteum exclude the diagnosis of
high- grade surface osteosarcoma. The cut surface may be dominated by cartilaginous tissue or composed
of hard, tan-white areas admixed with others with fish flesh consistency.

Microscopic features

The microscopic features are identical to high-grade conventional osteosarcoma. They exhibit anaplasia,
necrosis, osteoid, and immature bone and/or cartilage formation [Figure 5]. Mitotic activity is brisk, and
atypical mitotic figures are easily found. Microscopic evidence of medullary extension is either absent or
minimal.

Pathogenesis
The pathogenesis remains unknown.
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Diagnostic ancillary techniques
The diagnostic ancillary techniques are not clinically relevant for high-grade surface osteosarcoma.

Main differential diagnosis

The distinction between a high-grade surface osteosarcoma and dedifferentiated parosteal osteosarcoma
or extramedullary extension from a conventional central osteosarcoma does not carry prognostic or
therapeutic implications. Areas of low-grade fibroblastic osteosarcoma are found in dedifferentiated
parosteal osteosarcoma and absent in high-grade surface osteosarcoma. A considerable intramedullary
component argues in favor of a central conventional osteosarcoma.

Due to therapeutic and prognostic implications, the most important differential diagnosis is with periosteal
osteosarcoma as indicated in the paragraph on periosteal osteosarcoma.

Treatment and prognosis
Treatment and prognosis do not differ from those of central conventional osteosarcoma. Treatment is

preoperative chemotherapy followed by surgical resection. The overall 5-year survival rate ranges between

46% to 62% >, A poor response to neoadjuvant chemotherapy is associated with a poor outcome'’,

CONCLUSION

There are a variety of bone and, to a lesser extent, soft tissue entities that should be considered in the
differential diagnosis of primary tumors of the bone surface. These comprise a wide clinical spectrum of
neoplasms that can impose diagnostic challenges outside the setting of large referral centers, due to their
extremely low incidence and unawareness of their clinical, radiological, and often subtle microscopic
differences. A multidisciplinary and expert approach to diagnosis is mandatory.
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