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Purpose: To review the treatment and outcomes of patients with mesenchymal
chondrosarcomas (MC).

Materials and Methods: Review of the pertinent literature.

Results: MC is a rare aggressive small round blue cell malignancy that may arise in
either bone or soft tissue. It usually presents in the 2" or 3" decade of life and exhibits
an approximately equal gender predilection. Patients usually present with pain and
swelling. The majority of MCs arise in either the trunk or extremities. Distant metastases
are present at diagnosis in about 15% of patients. The most common sites for distant
metastases are lung and bone. The optimal treatment is surgery. Although the role of
adjuvant chemotherapy is unclear, an anthracycline-based chemotherapy regimen
combined with ifosfamide or cisplatin, may be considered. Adjuvant radiation therapy
(RT) is employed for patients with close (<5 mm) or positive margins as well as those
with incompletely resectable tumors. The most common mechanism of recurrence is
hematogenous dissemination. Although most recurrences are observed within 5 years of
treatment, late recurrences are not unusual. The likelihood of successful salvage in the
event of a recurrence is modest. The overall survival rates for all patients are
approximately 50% at 5 years and 40% at 10 years. The overall survival rates for the
subset of patients with localized disease that is resected are approximately 70% to 80%
at 5 years and 60% at 10 years.

Conclusion: Patients with MCs are optimally treated with surgery. The role of adjuvant
chemotherapy is uncertain. However, given the relatively high risk of recurrence,
adjuvant chemotherapy should be considered in medically fit patients. Radiation therapy
should be considered for those with incompletely resectable tumors and those with
inadequate margins.
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Introduction

Mesenchymal chondrosarcoma (MC) is a rare, aggressive small round blue cell
malignancy that may arise in bone or soft tissue [1-10]. It exhibits a high propensity for
hematogenous dissemination and is associated with significant morbidity and mortality.
Because of its rarity, the optimal treatment is unclear. Most publications pertaining to MCs
are small case series or epidemiologic studies where the details of treatment may be
variable or unavailable [1, 3, 11-15]. The purpose of this paper is to discuss the treatment
and outcomes of patients with this uncommon malignancy.
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Materials and Methods

A PubMed search was conducted using the keywords “mesenchymal chondrosarcoma” and limited to publications from within
the last 3 years. Approximately 166 peer-reviewed publications were identified. Those related to diagnosis, treatment, and
outcomes were reviewed. The references of selected papers were also reviewed to select additional articles.

Results

Presentation

MCs are uncommon and comprise 3% to 10% of all chondrosarcomas [3]. They may arise in either bone or soft tissue, exhibit
an approximately equal gender predilection, and most often present during the 2nd or 3rd decades of life. Schneiderman et al
reported on 205 patients included in the Surveillance, Epidemiology, and End Results database between 1973 and 2011 [1].
The tumors were extraskeletal in 123 patients (60%), the mean age at diagnosis was 37 years, and 114 patients (56%) were
male. Forty-four percent of patients presented during the 2" or 3™ decade of life [1]. Patients usually present with pain and
swelling at the primary site [3]. Frezza et al [3] reported on 113 patients treated at 17 centers and in one cooperative group
under the auspices of the European Musculoskeletal Oncology Society. Age ranged from 11 to 80 years; 61 patients (54%)
presented in the 2" or 3" decade of life. Seventy-two patients (64%) presented with skeletal primary lesions. Site distribution
was: craniofacial, 15 patients (13%); trunk, 53 patients (47%); and extremities, 45 patients (40%). Seventeen patients (15%)
presented with distant metastases that were located in the lung (7 patients, 42%), bone (2 patients, 11%), and in multiple sites
(8 patients, 47%). Size at diagnosis is variable. Huvos et al [9] reported on 35 patients treated at the Memorial Sloan Kettering
Cancer Center and observed a mean maximum diameter of 9.5 cm (range, 4 to 18 cm).

Radiographic Findings

Skeletal primaries appear lytic and destructive on plain radiographs with a poorly defined periosteal reaction [3]. Cortical
breakthrough and extraosseous extension are common [16]. Mottled calcifications are seen in about one third of cases;
pathological fractures are uncommon [3]. Computed tomography (CT) findings are non-specific and consistent with a
destructive bone malignancy often with subtle matrix mineralization [16]. MCs are isointense compared with muscle and
exhibit decreased signal intensity compared with fat on T1-weighted magnetic resonance imaging [12]. They display increased
intensity compared with muscle on T2-weighted magnetic resonance imaging [12]. Tumor margins are often well defined. They
may appear heterogeneous with serpentine signal voids on T2-weighted images [16].

Pathology

Histologically, MCs are composed of a mixture of immature cartilage and small round or spindled cells; the small round blue
cell component mimics other round cell sarcomas, such as Ewing’s sarcoma, and frequently contains a prominent
“hemangiopericytoma-like” vascular proliferation [3, 17]. The small cell component stains positively for SOX9 and negatively
for FLI-1, which may help distinguish the tumor from a Ewing’s sarcoma [3]. A recurrent HEY'1-NCOAZ2 gene fusion has been
identified in nearly 80% of MCs, and more recently a novel t(1;5)(a42;932) tranlocation resulting in an IRF2BP2-CDX1 has
been described in an extraosseous MC [14]. Analysis of tumors for these alterations can be used in diagnostically challenging
cases to aid in diagnosis.

Treatment

The treatment of patients with MCs depends on the primary site, extent of disease, the presence of distant metastases at

diagnosis, and the medical condition of the patient. Patients who have tumors that are amenable to a gross total resection are
likely best treated with surgery [10, 18]. Patients who have tumors that have been inadequately resected with close (<5 mm)
or positive margins, as well as those that are incompletely resectable, should be considered for radiation therapy (RT). MCs
that arise in the skull base or spine are usually incompletely resectable and likely would benefit from proton beam or carbon ion
RT to produce a more conformal dose distribution and reduce the RT dose to surrounding normal tissues including the brain,
visual apparatus, and spinal cord [19]. Because data pertaining to RT for MCs are limited, it is necessary to extrapolate data
from soft tissue sarcomas and other bone sarcomas [20—24]. The dose fractionation schedules are: negative (R0) margins, 60
Gy in 30 fractions over 6 weeks; positive margins (R1), 66 Gy in 33 fractions over 6.5 weeks; and gross disease (R2), 70 Gy in
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35 fractions over 7 weeks. For the occasional patient suitable for preoperative RT, the schedule is approximately 50 Gy in 25
fractions over 5 weeks [20, 21].

The role of adjuvant chemotherapy is unclear because of the rarity of the disease and the understandable lack of
prospective trials. Some have reported no apparent benefit from adjuvant chemotherapy while others have observed a survival
benefit [10, 18]. In general, patients treated with adjuvant chemotherapy receive an anthracycline combined with ifosfamide or
cisplatin.

The management of patients presenting with distant metastases is individualized. Those who are young with limited distant
metastases may be considered for chemotherapy combined with aggressive local management with surgery and/or RT.
Limited distant metastases may also be suitable for stereotactic body RT. Patients who are elderly, infirm, and/or with
extensive disease may best be managed with palliative intent.

Outcomes

There are two general sources of outcomes data: 1) large series of patients from multiple institutions where treatment details
are lacking and overall survival is the primary endpoint; and 2) small single institution series where treatment details are
available, albeit varied, but small patient numbers limit one’s ability to determine the impact of various treatment variables on
outcomes.

Schneiderman et al reported on 205 patients from the Surveillance, Epidemiology, and End Results database who were
treated between 1973 and 2011 and had a mean followup of 129 months [1]. Treatment details were not available. The overall
survival rates were 51% at 5 years and 43% at 10 years. The 5- and 10-year overall survival rates versus primary site were:
appendicular, 50% and 39%; axial, 37% and 31%; and cranial, 74% and 64%, respectively (p=0.002). The 5- and 10-year
survival rates for skeletal versus extraskeletal site were: skeletal, 49% and 41%; and extraskeletal, 52% and 44%, respectively
(p=0.82). Multivariate analysis of overall survival revealed that this outcome was improved for patients who presented with
localized disease (p = 0.002), decreasing lesion size (p< 0.001), and cranial tumors in young patients (p<<0.001). In contrast,
age (p=0.81), sex (p=0.33), and skeletal vs extraskeletal site (p=0.06) did not significantly impact this endpoint.

Frezza et al reported on 113 patients from 17 centers and 1 cooperative group who were treated between 1971 and 2012
[3]. The overall survival rates were 70% at 5 years and 54% at 10 years. The overall survival rates for 95 patients who
presented with localized disease that was resected were 79% at 5 years and 60% at 10 years. Local recurrence was observed
in 16 of 95 patients (17%); 5 patients had an isolated local recurrence and 11 also had distant metastases. Four of 5 patients
with an isolated local recurrence underwent salvage surgery and were rendered disease-free. The remaining patient refused
salvage surgery and died with disease. Distant metastases were observed in 45 of 95 patients (47%) with resected localized
disease. Distant metastases were observed within 2 years in 25 of 45 patients (55%), during years 3 and 4 in 8 patients (18%),
and during year 5 or later in 12 patients (27%). Six of 45 patients (13%) developed distant metastases after 10 years and 1
patient presented with distant metastases after 20 years. Sixteen of 45 patients (36%) presented with distant metastases to the
lung alone, 12 patients had distant metastases to the bone only, and 17 patients (38%) had distant metastases in multiple
sites. Tissue of origin, primary site, and resection margins did not significantly impact prognosis. However, for those in whom
the data were available, patients with R1 resection margins had a higher local recurrence rate than those with RO margins, 8 of
30 patients (27%) vs 1 of 46 patients (2%) [p=0.002]. Multivariate analysis revealed that the use of adjuvant chemotherapy was
the only variable associated with a reduced risk of death (p=0.004). The overall survival rates after chemotherapy versus no
chemotherapy were: 5 years, 84% vs 73%; and 10 years, 80% vs 46%, respectively. The progression free survival rates after
chemotherapy vs no chemotherapy were: 5 years, 70% vs 35%; and 10 years, 67% vs 27%, respectively.

Cesari et al reported on 26 patients treated between 1959 and 2003 at the Instituti Ortopedici Rizzoli with surgery (24
patients), and/or RT (5 patients), and chemotherapy (12 patients) [18]. Patients were followed for a median 48 months (range,
7 to 237 months). Overall survival was better for those treated surgically (p=0.0007) and those who presented with localized
disease at diagnosis (p=0.02). Of those who underwent complete resection, disease-free survival was improved for those who
received adjuvant chemotherapy (p=0.008).

Kawaguchi et al reported on 37 patients treated at the M.D. Anderson Cancer Center between 1979 and 2010 with surgery
alone (8 patients), surgery and chemotherapy (13 patients), surgery and RT (5 patients), surgery and chemotherapy and RT (8
patients), chemotherapy alone (1 patient), chemotherapy and RT (1 patient), and palliative care (1 patient) [10]. Thirty of 37
patients (81%) presented with localized disease. Mean followup was 6 years (range, 1 month to 17 years). The overall survival
rates were 51% at 5 years and 37% at 10 years. Disease-free survival rates were 23% at 5 years and 5% at 10 years. The
local control rates were 85% at 5 years and 68% at 10 years. Distant metastases-free survival rates were 37% at 5 years and

Mendenhall et al. (2016), Int J Particle Ther 302



INTERNATIONAL
JOURNAL
of PARTICLE
THERAPY

Mesenchymal chondrosarcoma

15% at 10 years. Age <30 years and male sex were associated with decreased overall survival and disease-free survival. The
use of RT was associated with improved local control (p=0.037) in patients who presented with localized disease.

Discussion

MC is a rare malignancy and the treatment is based on incomplete and sometimes conflicting information. Therefore, the level
of evidence upon which treatment recommendations is based is relatively low. The optimal treatment is likely resection for
those who present with tumors that are amenable to gross total resection. Although the potential benefit of adjuvant
chemotherapy is unclear, because of the poor prognosis, patients who are medically fit should be considered for
anthracycline-based adjuvant chemotherapy. Patients with inadequate margins and those with incompletely resectable lesions
should be considered for adjuvant or definitive RT. Patients with skull base or spine tumors may benefit from proton or carbon
ion RT to reduce the dose to the surrounding normal tissues such as the brain, visual apparatus, and spinal cord to decrease
the probability of late complications. The management of patients presenting with distant metastases is individualized based
on the extent of disease and the medical condition of the patient.

ADDITIONAL INFORMATION AND DECLARATIONS

Conflicts of interest: The authors have no conflicts of interest to disclose.

Reference List

1. Schneiderman BA, Kliethermes SA, Nystrom LM. Survival in Mesenchymal Chondrosarcoma Varies Based on Age and
Tumor Location: A Survival Analysis of the SEER Database. Clin Orthop Relat Res. 2016.

2. Lichtenstein L, Bernstein D. Unusual benign and malignant chondroid tumors of bone. A survey of some mesenchymal
cartilage tumors and malignant chondroblastic tumors, including a few multicentric ones, as well as many atypical benign
chondroblastomas and chondromyxoid fibromas. Cancer. 1959;12:1142-57.

3. Frezza AM, Cesari M, Baumhoer D, Biau D, Bielack S, Campanacci DA, Casanova J, Esler C, Ferrari S, Funovics PT,
Gerrand C, Grimer R, Gronchi A, Haffner N, Hecker-Nolting S, Holler S, Jeys L, Jutte P, Leithner A, San-Julian M,
Thorkildsen J, Vincenzi B, Windhager R, Whelan J. Mesenchymal chondrosarcoma: prognostic factors and outcome in 113
patients. A European Musculoskeletal Oncology Society study. Eur J Cancer. 2015;51:374-81.

4. Knott PD, Gannon FH, Thompson LD. Mesenchymal chondrosarcoma of the sinonasal tract: a clinicopathological study of
13 cases with a review of the literature. Laryngoscope. 2003;113:783-90.

5. Shakked RJ, Geller DS, Gorlick R, Dorfman HD. Mesenchymal chondrosarcoma: clinicopathologic study of 20 cases. Arch
Pathol Lab Med. 2012;136:61-75.

6. Nakashima Y, Unni KK, Shives TC, Swee RG, Dahlin DC. Mesenchymal chondrosarcoma of bone and soft tissue. A review
of 111 cases. Cancer. 1986;57:2444-53.

7. Bertoni F, Picci P, Bacchini P, Capanna R, Innao V, Bacci G, Campanacci M. Mesenchymal chondrosarcoma of bone and
soft tissues. Cancer. 1983;52:533—41.

8. Hashimoto N, Ueda T, Joyama S, Araki N, Beppu Y, Tatezaki S, Matsumoto S, Nakanishi K, Tomita Y, Yoshikawa H.
Extraskeletal mesenchymal chondrosarcoma: an imaging review of ten new patients. Skeletal Radiol. 2005;34:785-92.

9. Huvos AG, Rosen G, Dabska M, Marcove RC. Mesenchymal chondrosarcoma. A clinicopathologic analysis of 35 patients
with emphasis on treatment. Cancer. 1983;51:1230-7.

10. Kawaguchi S, Weiss |, Lin PP, Huh WW, Lewis VO. Radiation therapy is associated with fewer recurrences in

mesenchymal chondrosarcoma. Clin Orthop Relat Res. 2014;472:856—64.
11. Miller BJ. CORR Insights(R): Survival in Mesenchymal Chondrosarcoma Varies Based on Age and Tumor Location: A
Survival Analysis of the SEER Database. Clin Orthop Relat Res. 2016.

12. Bishop MW, Somerville JM, Bahrami A, Kaste SC, Interiano RB, Wu J, Mao S, Boop FA, Williams RF, Pappo AS, Samant
S. Mesenchymal Chondrosarcoma in Children and Young Adults: A Single Institution Retrospective Review. Sarcoma.
2015;2015:608279.

Mendenhall et al. (2016), Int J Particle Ther 303



13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

INTERNATIONAL
JOURNAL
of PARTICLE
THERAPY

Mesenchymal chondrosarcoma

Bohman LE, Koch M, Bailey RL, Alonso-Basanta M, Lee JY. Skull base chordoma and chondrosarcoma: influence of
clinical and demographic factors on prognosis: a SEER analysis. World Neurosurg. 2014;82:806—14.

Panagopoulos I, Gorunova L, Bjerkehagen B, Boye K, Heim S. Chromosome aberrations and HEY 1-NCOA2 fusion gene
in a mesenchymal chondrosarcoma. Oncol Rep. 2014;32:40—4.

Xu J, Li D, Xie L, Tang S, Guo W. Mesenchymal chondrosarcoma of bone and soft tissue: a systematic review of 107
patients in the past 20 years. PLoS One. 2015;10:e0122216.

Douis H, Saifuddin A. The imaging of cartilaginous bone tumours. Il. Chondrosarcoma. Skeletal Radiol. 2013;42:611-26.
Tinoco G, Wilky BA, Paz-Mejia A, Rosenberg A, Trent JC. The Biology and Management of Cartilaginous Tumors: A Role
For Targeting Isocitrate Dehydrogenase. In: Dizon DS, editor. American Society of Clinical Oncology 2015 Educational
Book; 2015. pp. 648-55.

Cesari M, Bertoni F, Bacchini P, Mercuri M, Palmerini E, Ferrari S. Mesenchymal chondrosarcoma. An analysis of patients
treated at a single institution. Tumori. 2007;93:423-7.

Indelicato DJ, Rotondo RL, Begosh-Mayne D, Scarborough MT, Gibbs CP, Morris CG, Mendenhall WM. A Prospective
Outcomes Study of Proton Therapy for Chordomas and Chondrosarcomas of the Spine. Int J Radiat Oncol Biol Phys.
2016;95:297-3083.

Mendenhall WM, Indelicato DJ, Scarborough MT, Zlotecki RA, Gibbs CP, Mendenhall NP, Mendenhall CM, Enneking WF.
The management of adult soft tissue sarcomas. Am J Clin Oncol. 2009;32:436—42.

Mendenhall WM, Lewis SB, Villaret DB, Mendenhall NP. Skull base chondrosarcoma. Cancer Ther. 2004;2:519-24.
Hug EB, Loredo LN, Slater JD, DeVries A, Grove RI, Schaefer RA, Rosenberg AE, Slater JM. Proton radiation therapy for
chordomas and chondrosarcomas of the skull base. J Neurosurg. 1999;91:432-9.

Noel G, Habrand JL, Jauffret E, de Crevoisier R, Dederke S, Mammar H, Haie-Meder C, Pontvert D, Hasboun D, Ferrand
R, Boisserie G, Beaudre A, Gaboriaud G, Guedea F, Petriz L, Mazeron JJ. Radiation therapy for chordoma and
chondrosarcoma of the skull base and the cervical spine. Prognostic factors and patterns of failure. Strahlenther Onkol.
2003;179:241-8.

Rosenberg AE, Nielsen GP, Keel SB, Renard LG, Fitzek MM, Munzenrider JE, Liebsch NJ. Chondrosarcoma of the base
of the skull: a clinicopathologic study of 200 cases with emphasis on its distinction from chordoma. Am J Surg Pathol.
1999;23:1370-8.

Mendenhall et al. (2016), Int J Particle Ther 304



	b01
	b02
	b03
	b04
	b05
	b06
	b07
	b08
	b09
	b10
	b11
	b12
	b13
	b14
	b15
	b16
	b17
	b18
	b19
	b20
	b21
	b22
	b23
	b24

