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Abstract

Objectives: Multifocal osteosarcoma (MFOS) is an aggressive presentation of osteosarcoma
characterized by multiple skeletal lesions without visceral metastasis. Despite decades of clinical
recognition, its biological basis, classification, and optimal management remain poorly defined,
particularly regarding distinctions between synchronous and metachronous disease. Synchronous and
metachronous MFOS differ in pathogenesis, imaging characteristics, clinical behavior, treatment
feasibility, and prognosis.

Methods: A narrative review of the literature was conducted using PubMed, Scopus, and Google Scholar. Studies
addressing the definition, classification systems, pathogenesis, imaging characteristics, treatment approaches, and
outcomes of MFOS were identified and synthesized, with particular emphasis on differences between synchronous
and metachronous forms.

Results: MFOS accounts for approximately 1.5% of osteosarcoma cases. Synchronous MFOS typically presents
with widespread sclerotic lesions, limited surgical options, and poor survival. In contrast, metachronous MFOS more
closely resembles conventional osteosarcoma, is more often amenable to surgical resection, and demonstrates
comparatively improved outcomes. Genetic predisposition syndromes and microenvironmental factors appear to
play contributory roles in selected cases. However, no definitive molecular markers currently exist to distinguish true
multicentric disease from early skeletal metastasis.

Conclusion: MFOS remains a diagnostically and therapeutically challenging condition with distinct clinical and
prognostic differences between synchronous and metachronous forms. Improved molecular characterization and
collaborative research efforts are needed to refine classification, guide treatment strategies, and improve outcomes
in this rare and aggressive disease.

Level of evidence: V
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Introduction

‘ onventional osteosarcoma (0S) is the most A small subset of OS manifests as multifocal osteosarcoma
common subtype of OS ! and typically arises in the (MFOS) without visceral involvement, and it is unclear
metaphyseal region of long bones, particularly whether this represents a new primary lesion or metastatic
around the knee. 23 It generally presents as a solitary, disease.” MFOS accounts for approximately 1.5% of all 0S®
aggressive bone lesion.!*> Hematogenous dissemination is and includes two types: either synchronous or
common, with the lungs representing the primary site of metachronous lesions, based on the temporal relationship
metastasis.® Secondary spread to other sites often involves between lesions, as defined in prior clinicopathologic series
other skeletal sites.¢ and classification systems.” Lesions that are identified at
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diagnosis or within six months of each other are considered
synchronous, accounting for approximately 40% of MFOS
cases.” Metachronous lesions appear more than six months
after the initial lesion is detected and represent about 60%
of MFOS lesions.” Some authors argue that metachronous
MFOS is a separate primary tumor in susceptible
mesenchymal tissue, whereas synchronous multifocal OS is
metastasis from the primary lesion.® However, there is
currently no consensus, and the underlying pathogenesis of
MFOS remains uncertain.

This review aims to compile and evaluate the current
evidence on the two types of MFOS, focusing on key aspects
such as definition, classification, molecular mechanisms,
radiographic patterns, treatment approaches, and overall
prognosis.

Materials and Methods

The literature reviewed in this article was identified
through searches of medical databases, primarily PubMed,
Scopus, and Google Scholar, using combinations of the terms
‘multifocal osteosarcoma,’ ‘synchronous,’ and
‘metachronous,” with emphasis on studies reporting clinical
presentation, imaging features, treatment strategies,
prognosis, and outcomes.

Results
Definition

MFOS represents a rare presentation of OS, characterized
by the presence of two or more osteosarcomatous lesions
within the skeleton in the absence of visceral, particularly
pulmonary, metastasis.? Historically, MFOS was considered
a distinct pathological entity, believed to represent
multiple independent primary osteosarcomas developing
within the same individual.® This concept arose from
clinical observations of patients, often children or
adolescents, who presented with several bone lesions but
no detectable lung metastases.® The lesions were
frequently distributed symmetrically and involved the
metaphyseal regions of long bones, leading to the term
“multifocal” or “multicentric” osteosarcoma.’
Subsequently, MFOS was classified into synchronous and
metachronous forms based on the temporal pattern of
lesion development. In the synchronous type, multiple
skeletal lesions are evident at the time of diagnosis or
within a short interval thereafter, whereas in the
metachronous form, new osseous lesions appear after an
initial disease-free period following treatment of the
primary tumor.® Contemporary molecular and
pathological evidence, however, suggests that most cases
of MFOS likely represent skeletal metastases rather than
independent primaries.1%-12 Clonal analyses have shown
striking similarities between primary and subsequent
lesions, supporting the view that these tumors share a
common origin and disseminate hematogenously within
the skeleton before or without visceral involvement.10-12
True MFOS, arising as separate primary tumors, is
exceptionally rare and is generally associated with
hereditary cancer syndromes such as Li-Fraumeni,
hereditary retinoblastoma, or Rothmund-Thomson
syndrome, which predispose to multiple de novo
malignancies.’

In current clinical practice, the diagnosis of MFOS remains
based on clinical and radiologic findings, since definitive
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molecular proof distinguishing the two metastases from a
new primary tumor remains lacking. As a result, the term
“multifocal osteosarcoma” primarily denotes a pattern of
skeletal-only dissemination rather than a proven biological
subtype. Nevertheless, differentiating MFOS from
conventional metastatic OS may be challenging in some
scenarios.

In most patients with metastatic OS, bone metastases
appear after or together with lung involvement.® Only a
small subset of cases develop skeletal metastases without
pulmonary disease,’ and it is precisely this limited group
that blurs the boundary between metastatic OS and MOFS.
In routine clinical settings, however, the practical
convention is to designate any OS presenting with multiple
skeletal lesions but without lung involvement as
“multifocal osteosarcoma,” regardless of whether the
underlying mechanism represents true multicentricity or
early skeletal metastasis.

MFOS must also be differentiated from skip metastases,
which represent secondary tumor foci located in the same
bone, in proximity to the primary lesion, or across the
adjacent joint within a continuous limb segment
synchronously.’3 Skip metastases share the same
medullary canal and vascular drainage as the primary
tumor and are therefore considered part of the same local
disease process rather than multifocal dissemination.1 In
contrast, MFOS involves lesions in non-contiguous bones,
often in anatomically distant sites, and reflects a systemic
skeletal process rather than localized spread.!* The
recognition of this distinction is clinically important
because skip metastases are managed as locally advanced
disease, whereas MFOS signifies a systemic pattern with
markedly poorer prognosis.

Altogether, the term MFOS should be reserved for cases
with two or more non-contiguous skeletal lesions in the
absence of visceral metastasis, acknowledging that, based
on current evidence, this pattern most often represents a
form of skeletal-only metastatic dissemination rather than
true MFOS.

Classification

Historically, several classification systems have been
proposed for MFOS. In 1969, Amstutz!® introduced a three-
type classification based on patient age, histological grade,
and the timing of lesion presentation. In this framework,
Types 1 and 2 correspond to synchronous MFOS
(simultaneous or nearly simultaneous): Type 1 typically
occurs in children and adolescents and is characterized by
high-grade OS involving multiple skeletal sites, whereas Type
2 arises in adults and is associated with low-grade OS. Type
3 was designated as metachronous MFOS, with lesions
appearing months/years apart. Approximately a decade
later, Mahoney et al.1¢ refined this scheme by incorporating
specific time-based criteria. In their four-type classification,
Types A and B corresponded to Types [ and II of the Amstutz
classification, respectively, whereas Type III in the Amstutz
system was subdivided into two categories: lesions
developing between 5 and 24 months (Type C) and those
arising after 24 months (Type D). Despite their historical
relevance, both the Amstutz and Mahoney classifications are
now considered limited, as they included cases with
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concomitant pulmonary metastases and relied on detection
methods that are less accurate than those available today.

In contemporary practice, MFOS is generally divided into
two categories: synchronous MFOS, where additional lesions
are found within six months, and metachronous MFOS,
characterized by the appearance of new lesions after six
months without visceral involvement.” In both categories,
the absence of simultaneous pulmonary metastases
distinguishes MFOS from conventional OS with skeletal
metastasis.”

A thorough understanding of the evolution of these
classification systems and the application of the current,
simplified criteria enables more accurate interpretation of
radiographic and clinical findings, thereby facilitating
prognostic evaluation and guiding surgical management.

Pathogenesis

The underlying pathogenesis of MFOS remains
incompletely understood. However, several hypotheses have
been proposed. The clonal evolution hypothesis suggests
that synchronous lesions may share a common clonal origin,
consistent with early metastatic seeding.718 Conversely,

metachronous lesions may exhibit distinct histological or
molecular profiles, supporting the theory of independent
tumorigenesis rather than a metastatic event. However, the
inherent genomic instability and heterogeneity of OS
introduce uncertainty regarding this hypothesis.1?

A second major hypothesis for the pathogenesis of MFOS
highlights the role of genetic predisposition.2 The strongest
associations are seen with hereditary cancer syndromes
such as Li-Fraumeni syndrome (TP53 mutations) and
hereditary retinoblastoma (RB1 mutations).2! In Li-
Fraumeni syndrome, several reports describe both
synchronous and metachronous MFOS, supporting the
concept that intrinsic genomic instability can give rise to
multiple independent tumors. Similarly, OS is a well-
recognized secondary malignancy among retinoblastoma
survivors, and in some cases, this takes a multifocal form,
likely reflecting systemic genetic vulnerability.?! Other
syndromes, such as Rothmund-Thomson syndrome
(associated with RECQL4 mutations), have also been
implicated in rare instances [Table 1], further emphasizing
the role of genetic and microenvironmental susceptibility in
the development of MFOS,22-33

Table 1. MFOS-associated syndromes

Syndrome Reported/reference

Saucier et al. 22

Brandal et al. 23
Li-Fraumeni Zils K et al. 24

Huby et al. 25

Pratt et al. 26
Retinoblastoma Potepan et al. 27

Bielack et al. 28

Zils et al. #
Rothmund-Thomson syndrome Anbari et al. 30

Deyrup etal. 31

Paget’s disease
Andrew et al. 32

Bone infarct Sivrioglu et al. 33

Synchronous Metachronous
11
3
1
1
3
1
4
2 1
1 1
5
1

A third hypothesis proposes that abnormalities in the
bone microenvironment may trigger the development of
MFOS. Conditions such as Paget’s disease of bone and
chronic bone infarction alter normal bone remodeling and
repair processes, potentially increasing susceptibility to
malignant transformation. In these contexts, MFOS may
arise on the background of pre-existing pathology,
supporting the idea that local microenvironmental
disturbances contribute to the multifocal presentation of
the disease.

Despite these insights, no reliable pathogenesis-based
marker currently exists to distinguish MFOS from
conventional 0S, as well as synchronous from
metachronous MFOS; however, future research integrating
multiregion genomic sequencing, clonal evolution analysis,
and longitudinal molecular profiling of primary and

secondary lesions may clarify whether these entities
represent distinct biological processes or variations along
a metastatic continuum.

According to the data summarized in [Table 1], Li-
Fraumeni-associated MFOS tends to present more often as
metachronous disease, whereas retinoblastoma-
associated MFOS more commonly manifests in the
synchronous form.

Imaging characteristics

Radiographically, synchronous MFOS is characterized by
multiple, sclerotic lesions that often extend into adjacent soft
tissue.3* In a series of 62 radiographs investigated by Corradi
et al, the majority of cases demonstrated at least one
dominant lesion with features typical of primary OS, most
commonly located in the metaphyseal region, although
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extension into the epiphysis and diaphysis was also
observed.” Similar features have been corroborated in other
case series.3> These findings frequently mimic skeletal
metastases.” [Figure 1]

Cross-sectional imaging, particularly magnetic resonance
imaging (MRI) and computed tomography (CT), is
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recommended for detailed local assessment.3¢ In addition,
whole-body bone scintigraphy using 99m technetium-MDP
offers high sensitivity for detecting metastatic lesions,
assessing the metabolic activity of bone lesions, and
accurately staging the disease.3¢

Figure 1. Radiographic images illustrating synchronous multifocal osteosarcoma involving five distinct sites in a 10-year-old boy.(A)
Anteroposterior radiograph of the right distal femur and proximal tibia showing synchronous lesions in both areas.(B) Anteroposterior
radiograph of the left distal femur and proximal tibia displaying a synchronous lesion in the proximal tibia.(C) Anteroposterior radiograph of the
right distal tibia and ankle demonstrating a synchronous lesion in the distal tibia.(D) Anteroposterior radiograph of the left shoulder revealing a

synchronous lesion in the proximal humerus.

In contrast, metachronous MFOS more frequently
exhibits mixed blastic, lytic lesions with a wide zone of
transition.” In a cohort of 50 radiographs studied by
Corradi et al., the lesions typically displayed a wide zone of
transition and showed signs of soft-tissue extension, along
with a periosteal reaction that closely resembled the

conventional findings associated with conventional 0S.”
Subsequent studies have reported similar findings,837
reinforcing that metachronous lesions, while temporally
distinct, radiographically mirror the classic presentation of
solitary OS [Figure 2].

Figure 2. (A) Preoperative lateral radiograph of the distal femur showing a lytic, blastic, ill-defined lesion in a 14-year-old female; (B) Preoperative
T1-weighted sagittal MRI illustrating the size of the soft-tissue component and medullary involvement; (C) Tc 99 bone scan at presentation
showing only distal femoral involvement; (D) Anteroposterior radiograph of the proximal femur after 6 years of the initial surgery, demonstrating
a lytic lesion in the proximal part of the same femur; (E) Anteroposterior radiograph of the femur showing total femur replacement 3 years after

the second surgery
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Treatment Approaches

Management of synchronous MFOS remains highly
challenging due to the multifocal and often symmetrical
distribution of lesions, which limits the feasibility of complete
surgical resection.3® In the most extensive available series,
Bacci et al3 reported that following neoadjuvant
chemotherapy, resection of both primary and secondary
lesions was only practical in 16 of 42 patients (38%). An
additional 12 (29%) patients were eligible for isolated
resection of the primary lesion, while the remaining 14
(33%) patients had neither the primary nor the secondary
lesion amenable to surgical resection due to extensive
skeletal involvement. Similarly, Corradi et al. 7 reported that
out of 22 synchronous cases, only 4 (18%) patients were
considered candidates for surgical intervention,
radiotherapy, or both.” These findings highlight that surgery
is often restricted to highly selected cases, and systemic
therapy typically constitutes the cornerstone of
management.

In contrast, metachronous MFOS more frequently allows for
surgical intervention, reflecting its more focal presentation
and greater similarity to conventional solitary OS. In the
series by Corradi et al,, 9 of 34 patients (26%) underwent
surgical resection after neoadjuvant chemotherapy.” While
the overall proportion of operable cases remains modest, the
likelihood of surgical eligibility appears higher in
metachronous disease compared with synchronous MFOS.
This supports the notion that metachronous MFOS, often
interpreted as new primary tumors rather than widespread
metastatic dissemination, may be more amenable to
localized control strategies.

Prognosis

The overall prognosis of MFOS is poor; however, outcomes
differ between synchronous and metachronous forms.
Synchronous MFOS is consistently associated with worse
survival. In the study by Bacci et al., among 42 patients with
synchronous MFOS, only 3 achieved long-term survival, with
a mean interval of 23 months between surgery and death.3°
Similarly, Corradi et al. reported that among 21 synchronous
patients, only one survived at a median follow-up of 15
months.”

By contrast, metachronous MFOS demonstrates
comparatively more favorable, though still limited,
outcomes. In Corradi’s cohort of 34 metachronous cases, 7
patients survived at a median follow-up of 17 months.” These
findings suggest that metachronous MFOS, often considered
to represent new primary tumors, carries a slightly better
prognosis and offers a greater chance of survival compared
to synchronous MFOS. This observation could be attributed
to several factors. First, in metachronous MFOS, patients
typically receive systemic chemotherapy for their primary
osteosarcoma, and the secondary lesions—often too small to
be detected on imaging—respond to chemotherapy in a
manner similar to the primary lesion. In other words, the
initial chemotherapy can help eradicate microscopic disease
and delay the emergence of new lesions. Second, lesions
often appear sequentially and in fewer sites, which makes
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surgical excision more feasible. When new lesions appear
later, they may be fewer in number and still surgically
resectable. Finally, the time gap between primary and
secondary tumors allows for treatment and recovery,
improving the chance of prolonged survival.

Discussion

While the clinical and radiographic distinctions between
synchronous and metachronous MFOS are increasingly
recognized, the molecular pattern of these rare conditions
remains largely unexplored. Such a molecular signature can
provide critical insights into whether lesions arise through
early metastatic dissemination from the same clone or
represent independent primary tumors in genetically
susceptible bone tissue. Future studies should leverage next-
generation sequencing (NGS), DNA methylation profiling,
and multi-omics analyses, such as transcriptomics or
proteomics, to clarify the evolutionary origins of MFOS
lesions.

Early evidence in conventional OS suggests that genomic
instability, epigenetic dysregulation, and altered microRNA
signatures may drive tumor metastasis.*0-42 Whether these
features differ between synchronous and metachronous
MFOS remains unknown. Similarly, mass Spectrometric-
Based proteomic and metabolomic approaches hold promise
for identifying biomarkers that can distinguish new primary
tumors from early metastatic spread, potentially aiding in
diagnosis and treatment stratification.*3

Given the rarity of MFOS, collaborative multi-institutional
efforts and the establishment of molecular registries will be
essential to generate sufficiently powered datasets. Such
investigations could not only refine our understanding of
MFOS pathogenesis but also reveal novel therapeutic targets
and prognostic biomarkers, ultimately bridging the gap
between clinical observation and precision oncology.

Conclusion

MFOS represents a rare but clinically significant
presentation of OS that continues to challenge
conventional diagnostic, therapeutic, and biological
paradigms. The distinction between synchronous and
metachronous disease is not merely temporal but reflects
meaningful differences in radiographic patterns, surgical
feasibility, treatment response, and prognosis. Current
evidence suggests that most cases represent skeletal-only
metastatic dissemination rather than true multicentric
tumorigenesis, although genetically predisposed subsets
may follow distinct biological pathways. Despite advances
in imaging and systemic therapy, outcomes—particularly
for synchronous MFOS—remain poor, underscoring the
need for improved risk stratification and treatment
strategies. Future progress will depend on collaborative,
multi-institutional efforts integrating comprehensive
molecular  profiling, longitudinal follow-up, and
standardized classification criteria to refine disease
definitions, guide individualized management, and
ultimately improve survival in this aggressive and
understudied condition.
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