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Abstract

The second most frequent malignant tumor of the bone after osteosarcoma, chondrosarcoma is subdivided in
conventional type, mesenchymal, clear cell, and the dedifferentiated subtype. Each of these pathological entities
has a particular clinical behavior. For most, surgery remains the sole valid option. However, efficient systemic therapy
options for advanced and metastatic cases are scarce. This short review is aimed at describing the latest options
presented by current literature in these cases. Most of the data is derived from preclinical trials, but some drugs were
also included in clinical research as far as phase two trials. After reviewing this data, it could be concluded that the
future in unresectable or metastatic chondrosarcoma is personalized medicine and that more specific biomarkers to

aid the choice are necessary.
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Introduction

After osteosarcoma, chondrosarcoma is
the second most frequent malignant tumor
of the bone comprising 20-27% of primary
tumors. The most affected sites include, in
this order: the pelvis, femur, humerus, and the
ribs. These tumors are well known for their
radio and chemotherapy resistance, so the
development of targeted therapies remains
the most promising option [1].

The most frequent subtype  of
chondrosarcoma is the conventional one -
90% of the cases, and it can develop from
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benign preexistent lesions line enchondromas
or can appear de novo. The rest - 10%, consists
of mesenchymal chondrosarcoma (which is
now proposed to be a completely different
pathological entity), clear cell chondrosarcoma
and the dedifferentiated subtype. Unlike the
conventional one, which has low malignant
potential, these high-grade types metastasize
rapidly, usually to the lungs. Other visceral
metastases have been rarely reported [2].
Chemoresistance in conventional
chondrosarcoma can be explained mainly
by the characteristics of the tumoral
microenvironmentthatpreventschemotherapy
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to reach malignant cells through many
mechanisms. Neoplastic cells are surrounded
by a hyaline matrix with low vascularity, thus
cytotoxic therapy concentrates remain very
low in this space compared to the serum ones
(3,4].

Chondrosarcoma cells also express many
anti-apoptotic factors that contribute to
their chemoresistance. However, response to
chemo and radiotherapy has been reported in
some subtypes, lining the mesenchymal one,
but data to support this fact has been collected
retrospectively [5].

Keeping in mind these considerations, the
necessity to develop targeted therapies for
chondrosarcoma is obvious. The purpose of
this review was to describe the progress that
has been made so far in research on molecular
pathways causing tumor evolution and in
targeting these pathways.

Implications of SRC pathway in
chondrosarcoma

Some of the most worth-mentioning
pathways are SRC (a protein responsible for
phosphorylation of specific tyrosine residues in
other proteins), mTOR (mammalian target of
rapamycin), and the Hedgehog pathway. The
IDH1/ 2 (isocitrate dehydrogenase) mutation
is very frequently present in conventional
chondrosarcoma and seems another promising
target [6-9].

Theinteraction betweenneoplasticcellsand
the extracellular matrix is also an interesting
alternative: blocking HMW MAA - a pathway
that has been studied in vivo shows some
efficacy in bettering the efficacy of cytotoxic
chemotherapy.

Blocking c-SRC pathway in
chondrosarcoma

The activation of ¢-SRC pathway, a link
between the neoplastic cell surface and its’
center, leads to activation of resistance to
apoptosis, angiogenesis, progression and
metastasis. This process was described in
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several human sarcomas like osteosarcoma,
leiomyosarcoma, and fibrosarcoma.

Dasatinib is the most studied tyrosine
kinase inhibitor and has become a therapy
option included in international guidelines [10].

The idea that dasatinib is inefficient in
monotherapy has been recently studied [11].

Several preclinical trials demonstrated that
its' main effect is to induce chemosensitivity
in chondrosarcoma, especially to doxorubicin,
even in the conventional subtype; therefore,
combination treatment is preferred. This
effect was most predominant in cells with TP53
mutation [12].

Blocking the m-TOR pathway

Activation of the PI3K-Akt—-mTOR pathway
is possible after specific ligands bind to the RTK
(receptor tyrosine kinase). The most studied
ligands are IGF1 (insulin growth factor 1),
PDGR (platelet-derived growth factor) alpha
and beta. The main effect of its’ activation is
cytotoxic therapy resistance. This pathway is
also involved in the process of cellular growth
and survival. The implication of multiple
RTK in chondrosarcoma cell growth was
recently demonstrated with obvious clinical
implications. This made the mTOR pathway an
appealing therapeutic target [13,14].

Everolimus monotherapy has antitumor
benefit in preclinical trials involving murine
subjects.Thistherapyshowedtumorsuppressor
effects and prevented local recurrence. When
combined with doxorubicin, no additional
efficacy was proven. Thus, this data should
encourage the use of everolimus/ temsirolimus
in human subjects both in locally advanced or
metastatic chondrosarcoma patients, but also
for adjuvant treatment purposes [15,16].

Implications of the Hedgehog pathway

The Hedgehog pathway, a regulator of the
dedifferentiation of stem cells, is of crucial
importance for signaling during intrauterine
development. The Indian Hedgehog (IHH)/
parathyroid hormone-related peptide pathway
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is of particular importance in chondrosarcoma,
being an essential component in the
dedifferentiation of chondrocytes and in the
molecular steps that lead to transforming into
chondrosarcoma [17].

Vismodegib, the most well-known
hedgehog pathway inhibitor, demonstrated
a modest benefit in patients with low or
moderate grade advanced chondrosarcoma
and failed to meet the endpoint of the phase
Il trial that introduced it to human subjects (at
least 6 months of clinical benefit) [18].

Saridegib, also known as IPI 926, another
oralinhibitor of the same pathway, with already
known antineoplastic activity in both basal
cell carcinoma and medulloblastoma, has also
been studied in chondrosarcoma cellular lines,
with some antitumor efficacy [19].

Immunotherapy in chondrosarcomas

Like most rare tumors, chondrosarcomas
have not been excluded from the opportunity
provided by the checkpoint inhibitors. In order
to clarify whether these tumors can derive
benefit from these new, practice-changing
therapies, several preliminary researches
have been made in order to determine
the degree of immunogenicity of these
tumors. In order to do this, the molecular
characteristics of chondrosarcoma cells and
the microenvironment were studied.

PD-L1,theonlybiomarkerthathasprovedits’
predictive value in the treatment with immune
checkpoint inhibitors, has been determined on
both several types of chondrosarcoma cells and
the surrounding immune ones. In the research
of Kostine et al., PD-L1 expression was absent
in the mesenchymal, conventional and clear
cell subtype. However, the dedifferentiated
subtype proved positive for this biomarkerin a
significant proportion (41% of the tested cells).
The PD-L1 positive ones also proved to have
other characteristics that suggested sensibility
to immune checkpoint effect: a high number
of infiltrating lymphocytes and high HLA |
expression.
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It can be extrapolated that dedifferentiated
chondrosarcoma patients can be included in
trials including anti-PD-1 or anti-PD-L1 agents
[20].

Conclusion

To conclude, chondrosarcoma remains
a therapeutic challenge, especially in the
case of chemotherapy-resistant subtypes
like the conventional one. Both targeted
therapies alone and a combination of drugs
are promising treatment options in metastatic
and unresectable cases, but better predictive
biomarkers are still under research. Molecular
studies are useful in each case. Personalized
therapy remains the only hope for better
outcomes in this challenging type of tumor.
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