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v

Inspired by the biblical admonition, “If the blind lead the blind, 
all will fall into the ditch” (Matthew 15:14), the Flemish Renais-
sance master Pieter Brueghel the Elder portrayed a scene from a 
sixteenth-century century village. Depicted is a line of sight 
impaired men who, by following their blind leader, appear to be 
dragged one by one over an edge. Prophetic then and still true 
today, if we do not get the initial diagnosis correct, then everyone, 
especially the patient, may experience an adverse outcome.

Critical and central to the proper management of any neoplas-
tic condition is the correct diagnosis. This cannot be left solely to 
the surgical pathologist who, of course, is critical, central, and 
pivotal in this process. Pathologists knowledgeable with bone and 
soft tissue tumors are rare, and the best of the best have a real pas-
sion for the field. The accuracy of their diagnoses often is depen-
dent on the pertinent clinical and diagnostic information being 
shared with them. We have found this to be best achieved by col-
laborative consultation, in real time, to include the pathologist, the 
radiologists, and the physicians and surgeons. The radiologists 
add very important information as to location and extent of dis-
ease, as well as their independent differential diagnosis, which 
often correlates with the histologic diagnosis. The physicians and 
surgeons who are tasked with carrying out all subsequent treat-
ment add their own differential based on the patient’s presenting 
signs and symptoms. It is imperative that this occur not only at 
presentation, but throughout the patient’s course.
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At the University of California, Los Angeles, we endeavor to 
achieve this through participation in a multidisciplinary “tumor 
board.” This board convenes weekly. New patients are discussed 
at presentation and are followed throughout their course of treat-
ment. The multidisciplinary tumor board reviews all the informa-
tion to determine the location, the pathologic diagnosis including 
stage and grade, and the clinical setting, and then discusses all 
potential surgical and medical treatment options. At subsequent 
meetings there is a review of the surgical margins, the effective-
ness of any medical adjuvant treatment that may have been ren-
dered, as well as recommendations for future medical or surgical 
intervention.

The multidisciplinary musculoskeletal tumor board at UCLA 
was initiated in 1984. The original four participants consisted of 
Fredrick R. Eilber, M.D. (surgical oncology), Jeffrey J. Eckardt, 
M.D. (orthopedic oncology), Joseph M.  Mirra, M.D. (surgical 
pathology), and Richard H.  Gold, M.D. (radiology). Today, in 
2020, there are 22 members representing 8 disciplines: 5 orthope-
dic oncologists, 3 surgical oncologists, 3 musculoskeletal radiolo-
gists, 4 medical oncologists, 2 surgical (sarcoma) pathologists, 2 
pediatric oncologists, 2 thoracic oncologists, and 1 gynecologic 
oncologist. The meetings are regularly attended by the majority, 
with generally 30–45 new and follow-up cases reviewed each 
week. Not only is it rigorous and educational, but it is also fun. 
Getting it right is paramount. Difficult or questionable diagnoses 
and/or treatments are sent out for second or third opinions without 
hesitation. Pride does not have a seat on this board.

Dr. Hornicek has assembled an outstanding and renowned 
group of clinicians, clinician- scientists, and researchers to address 
and review the presentation, the clinical management, and current 
research endeavors of benign and malignant cartilage neoplasms. 
This includes chondrosarcoma’s primary and secondary bone 
locations, as well as the rare soft tissue presentations. Different 
diagnostic modalities, surgical techniques, and the various adju-
vant methods of treatment are thoroughly discussed. Ongoing 
protocols are presented along with their rationales.

Differentiating chondrosarcomas from other benign or even 
non-neoplastic conditions has proven difficult and can be one of 
the most difficult diagnoses to make. Much has been written on 
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this topic. Chondrosarcoma’s varying clinical presentations and 
pathology were first elucidated in articles by Dr. Dallas Phemister 
in 1930, followed by Dr. Louis Lichtenstein and Dr. Henry L. Jaffe 
in 1943. Subsequent books and articles are referenced:

• Jaffe, Henry L.: Tumors and Tumorous Conditions of the Bones 
and Joints. Lea & Febiger, 1958.

• Unni, K.  Krishnan, Dahlin, David Carl: Dahlin’s Bone 
Tumors: General Aspects and Data on 11,087 Cases. 5th ed., 
Lippincott-Raven, 1996.

• Mirra, Joseph M., Picci, Piero, Gold, Richard H. “Intramedul-
lary cartilage and chondroid producing tumor.” Bone Tumors: 
Clinical, Radiographic and Pathologic Correlations. Vol. 1, 
Lea & Febiger, 1989;439–690.

• Mirra JM, Gold R, Downs J, Eckardt JJ.  A new histologic 
approach to the differentiation of enchondroma from chondro-
sarcoma of the bones. A clinicopathologic analysis of 51 cases. 
Clin Orth Rel Res. 1985;201:214–37

• Murphey MD, Flemming DJ, Boyea SR, Bojescul JA, Sweet, 
DE, Temple T. From the Archives of the AFIP. Enchondroma 
versus Chondrosarcoma in the Appendicular Skeleton: Differ-
entiating Features. RSNA. 1998;18:1213–1237

There are many neoplastic and non-neoplastic conditions that 
contain cartilage. These conditions need to be recognized for 
what they are. Differentiating chondrosarcoma from the other car-
tilage lesions can be challenging, with the surgical pathologist’s 
role pivotal. This publication by Dr. Francis J. Hornicek, M.D., 
Ph.D., and the use of a multidisciplinary review board should 
prove helpful in achieving this goal.

Distinguished Professor  
and Chair Emeritus,  

Department of Orthopaedic surgery
UCLA David Geffen School  
of Medicine at Los Angeles, 

Los Angeles, CA, USA
February 1, 2020

Jeffrey J. Eckardt, M.D.
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This book focuses on chondrosarcoma biology, pathogenesis, and 
emerging treatment strategies. While this rare and malignant 
cartilage- forming tumor tends to occur within the bones, it can 
also arise within various soft tissues. Unlike other bone sarcomas 
that predominantly affect the young, chondrosarcomas are more 
often diagnosed in the adult population. In addition to being 
highly resistant to available chemotherapies and radiotherapies, 
management guidelines have been difficult to refine as low-grade 
and benign tumors are challenging to differentiate. Along with 
anatomic location and spread, tumor grade is a primary determi-
nant of adjuvant therapy. Low-grade or grade 1 lesions are either 
observed or undergo surgical resection, with grade 2 or 3 tumors 
often receiving chemotherapeutic regimens. Clinical trials have 
been hindered by limited study participants robust pre- clinical 
evidence.

Although some progress has been made in characterizing 
chondrosarcoma pathogenesis, its genetic and epigenetic mecha-
nisms are poorly described, and no known effective systemic 
therapy exists. There is, therefore, an urgent need to identify the 
underlying molecular mechanisms of chondrosarcoma for tar-
geted therapies in prospective clinical trials. Recent studies have 
explored inhibitors that combat aberrant metabolic pathways, 
such as isocitrate dehydrogenase (IDH), an enzyme whose gene is 
frequently mutated in chondrosarcoma. COL2A1, a gene that 
encodes the α-chain of type II collagen fibers and the major con-
tributor of collagen matrix and articular cartilage, is another 
 frequently mutated gene chondrosarcoma. Other promising thera-
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peutic targets include the EXT gene seen in hereditary multiple 
osseocartilaginous exostoses, as well as p16 and p53 alterations 
that transform enchondroma to chondrosarcoma. Tumorigenic 
gene signaling pathways including Hedgehog, CDK4, and TGF-
beta/Sox have also been described in these cancers. Although pre-
clinical studies have shown the targetability of these genetic 
pathways in chondrosarcoma therapy, follow-up clinical trials are 
needed to establish their utility within the clinic. In addition to 
these works, immunotherapies have generated considerable atten-
tion for their success in various human cancers and have led to 
emerging results in chondrosarcoma.

This book draws from impactful papers as well as the decades 
of experience from the contributing authors in the laboratory and 
treating patients in high-volume sarcoma centers. I have previ-
ously worked with several of the named authors in writing a book 
on bone pathology.

This book provides practical coverage of chondrosarcoma 
biology and therapy for medical students, residents, fellows, prac-
ticing physicians, and researchers. I hope our passion in caring for 
these patients comes through while reading this text.

Los Angeles, CA, USA Francis J. Hornicek, M.D., Ph.D.
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and Andrew Eric Rosenberg

 Introduction

Chondrosarcoma is the second most common primary bone sar-
coma following osteosarcoma and comprises 25% of skeletal sar-
comas [1–5]. In adults, it accounts for 40% of bone sarcomas, 
whereas, in children, it is uncommon and represents 6% of tumors. 
The SEER data (National Cancer Institute Surveillance 
Epidemiology and End results) from 2013 to 2017 shows that the 
age adjusted incidence per 100,000 individuals in adults is 0.7 for 
males and 0.5 for females in the United States [6].

Chondrosarcoma is classified according to its location, mor-
phology, grade, and whether it is primary or secondary. The dif-
ferent histological types are conventional hyaline and/or myxoid, 
dedifferentiated, clear cell, and mesenchymal variants. Except for 
mesenchymal chondrosarcoma, they are graded using a three-tier 
scheme based on cellularity, atypia, mitotic activity, and necrosis; 
mesenchymal chondrosarcoma is not graded and is considered 
high grade (grade 3) [2, 3, 7]. The tumors can arise in the  medullary 
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cavity (central) or on the surface (peripheral) and may be de novo 
(primary) or arise in diseased bone or a preexisting benign tumor 
such as enchondroma or osteochondroma (secondary) [8]. Most 
chondrosarcomas are primary, central, conventional, and low to 
intermediate grade [5]. Grade 1 conventional chondrosarcoma has 
a very low risk for developing metastases; therefore, in the appen-
dicular skeleton, the WHO fifth edition recommends that they it 
be designated atypical cartilaginous tumor, whereas in the axial 
skeleton and flat bones the term conventional chondrosarcoma, 
grade 1, is retained because of potential local aggressive growth 
and biological transformation [9–11].

The pathological diagnosis of chondrosarcoma should always 
include careful correlation of the morphology with the clinical 
and radiological findings [12–17]. The morphological heteroge-
neity of chondrosarcoma can be challenging, and pathologists 
need to be aware of diagnostic pitfalls and the implications of 
their diagnosis [13, 18, 19]. If the diagnosis is expected to be ren-
dered on needle biopsy, the specimen should include a minimum 
of three tumor-bearing cores of tissue, as well as the diagnostic 
considerations of the clinical team.

There have been significant advances in the discovery of the 
mutational landscape of chondrosarcoma, and the aberrations can 
be of diagnostic utility. IDH1 or IDH2 mutations are present in 
the majority of conventional primary and secondary central chon-
drosarcomas and are also commonplace in dedifferentiated vari-
ants [8, 20–25]. IDH mutation status can help distinguish 
conventional and dedifferentiated chondrosarcoma from mimics 
such as chondroblastic osteosarcoma and fibrosarcoma, as the lat-
ter lack these mutations, and IDH aberrations are also absent in 
peripheral, clear cell, and mesenchymal chondrosarcomas [10, 
11, 26, 27]. The HEY1–NCOA2 gene fusion is the driver mutation 
in mesenchymal chondrosarcoma and is pathognomonic [28]. 
Gene copy number changes, mutations in Tp53 [29] and CDKN2a, 
epigenetic changes [11], and dysregulation of micro-RNA also 
play a role in the biology of these neoplasms.

Currently, most chondrosarcomas are managed with surgery; 
atypical cartilaginous tumors are aggressively curetted with the 
addition of an adjuvant, and the remainder are resected en bloc 
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with widely negative margins, if possible. All of the different 
types of chondrosarcoma can locally recur, especially if they are 
removed with positive margins [30], and local recurrence of con-
ventional chondrosarcoma and clear cell chondrosarcoma may be 
associated with biological transformation into a higher grade neo-
plasm [31, 32]. Systemic therapy is often used to manage patients 
with dedifferentiated and mesenchymal chondrosarcoma. The 
incidence of metastasis of chondrosarcoma is related to tumor 
type and grade, and the overall 5-year survival rate is 75% [33]. 
Common sites of metastatic spread are the skeleton and lungs.

 Primary Conventional Chondrosarcoma (80–90% 
of Chondrosarcomas)

Central conventional chondrosarcoma is the most common type 
of primary chondrosarcoma (90%) [11] and arises in the axial 
skeleton and the proximal portions of the large tubular bones [14]. 
The pelvis, scapulae, ribs, femur, tibia, and humerus are favored 
sites. Unlike enchondroma, chondrosarcoma of the short tubular 
bones of hands and feet are uncommon. Approximately 70–80% 
of conventional chondrosarcomas are low- grade sarcomas [4, 5].

Tumors composed of hyaline cartilage manifest as a solid, 
multinodular, firm blue-white mass with scattered, gritty, white 
flecks (Fig. 1.1). Myxoid tumors are mucinous and slimy and may 
undergo cystic change. Histologically, they usually grow with a 
permeative pattern with replacement of the marrow, encasement 
of preexisting lamellar bone, and growth into the Haversian sys-
tems of the cortex [1–5, 34] (Fig. 1.2).

Hyaline matrix is characterized by round or oval neoplastic 
cells of variable size residing in lacunar spaces embedded in a 
solid-appearing basophilic or eosinophilic sheet-like matrix. In 
myxoid cartilage, the cells are not in lacunar spaces and are bipo-
lar or stellate shaped and enmeshed in a flocculent bubbly matrix 
[1–3, 5, 34].

Atypical cartilaginous tumor/grade 1 chondrosarcoma (50–
70% of conventional chondrosarcoma) is hypo- to moderately 
cellular, and the chondrocytes exhibit mild cytologic atypia in the 
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form of nuclear enlargement, fine chromatin, and small nucleoli. 
Scattered cells may be binucleate, and there are no or rare mito-
ses. The matrix may be focally calcified and undergo enchondral 
ossification (Fig. 1.3). The neoplastic features may overlap with 

Fig. 1.1 Conventional chondrosarcoma of humeral head with intramedullary 
gray-blue glistening cartilage lobules showing cortical destruction, medially, 
with extension into soft tissue forming a sizable mass

M. O. Hakim and A. E. Rosenberg
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enchondroma, and an essential characteristic that distinguishes 
between these types of neoplasms is the presence of infiltration [1, 
5, 18, 35].

Grade 2 chondrosarcoma (25–40% of conventional chondro-
sarcoma) shows moderate cellularity and moderate cytological 
atypia. The nuclei are large, may have irregular contours, and are 
hyperchromatic. Some cells may be trinucleate, and mitoses are 
uncommon. The amount of matrix calcification and enchondral 
ossification is limited (Fig. 1.4). Many myxoid chondrosarcomas 
are grade 2 [4, 7, 9, 18, 35–37].

Grade 3 chondrosarcoma (5–15% of conventional chondrosar-
coma) is highly cellular and exhibits severe pleomorphism and 
mitotic activity, including atypical forms (Fig. 1.5). This type of 
chondrosarcoma should raise the differential diagnosis of chon-
droblastic osteosarcoma, and genetic studies in search of muta-
tions in IDH are helpful as it is not present in osteosarcoma [4, 7, 
18, 36–38].

Fig. 1.2 Conventional chondrosarcoma growth pattern: neoplastic hyaline car-
tilage replaces the marrow and entrapsping the preexisting cancellous bone 
trabeculae. The tumor is more cellular than the overlying articular cartilage

1 Pathology of Chondrosarcoma
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The prognosis of grade 1 chondrosarcoma is very good with over 
90% survival at 5 years and 89–95% survival at 10 years. Grade 2 
chondrosarcoma is associated with a 70–80% 5-year survival and 
58–86% 10-year survival. Grade 3 chondrosarcoma has 0–77% 
5-year survival and 30% 10-year survival rate [7, 9, 30, 36, 37].

 Secondary Chondrosarcoma

Secondary chondrosarcoma refers to a chondrosarcoma that devel-
ops in abnormal bone that may be a benign neoplasm, irradiated 
bone, or bone affected by Paget’s disease. Morphologically, the vast 
majority of secondary chondrosarcomas are conventional chondro-
sarcoma, and most arise in benign neoplasms, especially enchon-
droma and osteochondroma [11, 39] (Figs. 1.6, 1.7, and 1.8).

Fig. 1.3 Grade 1 chondrosarcoma: Minimally hypercellular neoplastic hya-
line cartilage with clustered chondrocytes displaying mild nuclear enlarge-
ment, mostly round nuclei, some with open and others with condensed 
chromatin, occasional nucleoli, and minimal nuclear size variability. No 
mitoses are present

M. O. Hakim and A. E. Rosenberg
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In fact, in our experience, many conventional chondrosarco-
mas have radiological or histological evidence of an underlying 
enchondroma; therefore, one can argue that secondary conven-
tional chondrosarcoma is more common than primary variants. 
The risk of malignant transformation of solitary enchondroma or 
osteochondroma is a small fraction of 1% and is greater in the 
setting of syndromes associated with multiple lesions such as 
hereditary multiple osteochondromatosis (1–25%) and the Ollier 
disease and Maffucci syndrome (5–50%) [4, 9, 16, 40]. The basis 
for the great variability in rates of malignant transformation is 
related to morphological definition of malignancy.

 Dedifferentiated Chondrosarcoma

Dedifferentiated chondrosarcoma is a biphasic tumor and com-
posed of a high-grade, non-cartilage-forming sarcoma arising in 
the background of an enchondroma or grade 1 or grade 2 conven-

Fig. 1.4 Conventional chondrosarcoma, grade 2: Hypercellular malignant 
hyaline cartilage that has irregular hyperchromatic nuclei that vary in size

1 Pathology of Chondrosarcoma
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tional or clear cell chondrosarcoma. Approximately 10% of con-
ventional chondrosarcomas show dedifferentiation [14]. The 
skeletal distribution is femur (30%), pelvis (20%), humerus 
(16%), ribs (7%), and scapula (7%) [14]. This type of chondrosar-
coma is the most aggressive variant of chondrosarcoma, and it 
often exhibits rapid growth with pathological fracture and soft tis-
sue extension in half of cases. Approximately 20% of cases have 
metastases at presentation, and 60–90% subsequently develop 
systemic spread (Fig. 1.10).

The dedifferentiated tumor is solid and has fleshy, pink-tan 
regions admixed with nodules of opalescent blue-gray cartilage 
that may have specks of gritty white calcifications (Fig. 1.9). The 
 dedifferentiated component usually has the morphology of pleo-
morphic fibrosarcoma and is composed of pleomorphic spindle 
cells with eosinophilic cytoplasm that are enmeshed in a collage-
nous stroma and arranged in intersecting fascicles (Fig.  1.10). 
However, the dedifferentiated element may have protean appear-

Fig. 1.5 Grade 3 conventional chondrosarcoma: Striking nuclear pleomor-
phism with marked variation in nuclear size and scattered mitoses

M. O. Hakim and A. E. Rosenberg
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ances and consist of epithelioid cells or exhibit heterologous dif-
ferentiation such as osteosarcoma, rhabdomyosarcoma, 
angiosarcoma, and rarely carcinoma [41]. Diagnostic difficulties 
and misinterpretation may occur if both components of the tumor 
are not recognized or present which most commonly occurs in the 
setting of limited small core biopsies or FNA material. Mutational 
analysis for IDH1/IDH2 genes is valuable in instances where no 
low-grade cartilaginous component is identified as the vast major-
ity (87%) of tumors bear an IDH1/IDH2 mutation. 
Immunohistochemistry is helpful in confirming a specific lineage 
of the dedifferentiated component, and in the appropriate setting 
metastatic spindle cell carcinoma or melanoma may be in the dif-
ferential diagnosis. Overall survival of patients is dismal as the 
5-year survival rate is 24% and most fatalities occur within in 
1–2 years after diagnosis [3, 4, 9, 38, 42–45].

Fig. 1.6 Secondary chondrosarcoma arising in an osteochondroma, a rem-
nant of which is seen on the left, that is replaced by chondrosarcoma. Fibrous 
bands dissect through the neoplastic myxo-hyaline cartilage lobules impart-
ing an irregular configuration

1 Pathology of Chondrosarcoma
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 Clear Cell Chondrosarcoma

Clear cell chondrosarcoma is very uncommon and accounts for 
2% of chondrosarcomas. It typically arises in the epiphysis or 
epiphyseal equivalent in the long tubular bones such as the proxi-
mal femur and humerus, and in the axial skeleton it has a propen-
sity to develop in the ribs and vertebrae. Grossly the tumor is 
lobulated and gray-tan and may have hemorrhagic and cystic 
change (Fig. 1.11).

Histologically, the tumor contains small areas of low-grade 
conventional chondrosarcoma, and the majority is composed of 
groups and sheets of large polygonal chondrocytes that have 
vesicular nuclei and abundant clear to palely eosinophilic cyto-
plasm. Deposited throughout these areas are small trabeculae of 

Fig. 1.7 Chondrosarcoma secondarily arising in the cartilaginous cap of an 
osteochondroma. The malignant component is low grade and composed of 
nodules of cellular hyaline cartilage delineated by fibrous bands

M. O. Hakim and A. E. Rosenberg
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woven bone that are focally rimmed by nonneoplastic osteoblasts 
and occasional osteoclasts (Figs. 1.12, 1.13, and 1.14)

Immunohistochemistry shows that both clear cell and conven-
tional chondrosarcoma components are positive for SOX-9 and 
S-100; a significant number of cases also stain with a variety of 
molecular weight keratins. Unlike conventional chondrosarcoma, 
IDH1 or IDH2 mutations are not present. Clear cell chondrosar-
coma is more aggressive than conventional low-grade conven-
tional chondrosarcoma, and the tumor is excised en bloc with 
negative margins  – the local recurrence rate is 16–20%, and 
metastases develop in 20–25% of cases, usually over a period of 
many years following diagnosis [9, 42]. Very rarely 
 dedifferentiation occurs, and this complication is associated with 
a more aggressive clinical course.

Fig. 1.8 Secondary chondrosarcoma arising in the Ollier disease: hypercel-
lular homogenously myxoid chondrosarcoma that has flocculent stroma in 
contrast with the hypocellular, hyaline cartilage of the adjoining enchon-
droma

1 Pathology of Chondrosarcoma
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 Mesenchymal Chondrosarcoma

Mesenchymal chondrosarcoma is a high-grade malignancy that is 
responsible for 1–10% of chondrosarcomas. The tumor harbors a 
specific HEY-1-NICOA2, in-frame, gene fusion [1]. Most cases 
arise in the skeleton (40–78%), where it affects individuals 
20–30 years old, whereas in the soft tissues, patients (22–60%) are 
often 40 years or older. The North American experience using the 
SEER database estimates 60% of mesenchymal chondrosarcomas 

Fig. 1.9 Dedifferen-
tiated chondrosarcoma 
composed of fish 
flesh - like, gray-tan, 
soft tissue mass with 
necrotic foci and 
cavitation 
(dedifferentiated 
component) arising in 
the humeral head. The 
conventional component 
fills the proximal 
diaphysis and consists of 
homogenous iridescent 
cartilaginous lobules of 
hyaline cartilage
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arise in soft tissues, whereas in a large European series it is esti-
mated 36% arise in soft tissues [46, 47]. In bone the tumor involves 
the maxilla, mandible, vertebrae, ribs, pelvis, and humerus. The 
appendicular skeleton is less frequently involved [29].

The tumors are usually large and are solitary, solid, gray-tan, 
fleshy masses. The neoplasm is composed of primitive small 
round and short spindle cells and islands of well-differentiated 
fibro-hyaline cartilage. The round cells may grow in a sheet-like 
pattern and often contains a staghorn-like supportive vascular 
tree. The cartilage is deposited in islands that are moderately cel-
lular, and the chondrocytes exhibit mild cytological atypia 
(Figs. 1.15 and 1.16).

Cortical bone destruction with an associated soft tissue mass 
occurs in 50% of cases. Immunohistochemistry shows that the 
round cells are positive for Sox 9, CD99, and Fli1, and a minority 
cells may express desmin and myogenin [48–50].

Fig. 1.10 Dedifferentiated chondrosarcoma: Biphasic appearance with rela-
tively hypocellular hyaline cartilage and low-grade chondrocyte atypia in 
conventional chondrosarcoma (left half of image) adjacent to markedly 
hypercellular pleomorphic spindle cell sarcoma
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Fig. 1.11 Proximal femur involved by clear cell chondrosarcoma that is 
pink-tan gray and extends up to the base of the articular surface
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The differential diagnosis includes Ewing sarcoma and other 
translocation-associated round cell sarcomas, rhabdomyosar-
coma, small cell osteosarcoma, and lymphoma [28]. The treat-
ment is systemic therapy and wide resection with negative 
margins. The local recurrence rate reported ranges from 13% to 
75%, and 10.6% of cases show metastases at initial presentation 
[47, 51]. The overall 5- and 10-year survival rates reported in 
recent SEER data review are 51% and 43% [46] with older litera-
ture reporting 55% and 26% [52], respectively. There are, how-
ever, significant 5-year survival differences noted in axial, 
appendicular, and cranial sites as they are 37%, 50%, and 74%, 
respectively [46]. Some metastases occur years after initial diag-
nosis [9, 42, 46, 47, 51].

Fig. 1.12 Conventional chondrosarcoma showing relatively hypocellular 
hyaline neoplastic cartilage (left half of image) juxtaposed to groups of clear 
cell chondrosarcoma (right half of image). The large clear cells surround a 
central trabeculum of metaplastic woven bone that shows osteoblastic rim-
ming (nonneoplastic bone)

1 Pathology of Chondrosarcoma
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Fig. 1.13 Large polyhedral chondrocytes with abundant clear cytoplasm, 
well-defined cytoplasmic membranes, and generally vesicular nuclei, some 
with distinct nucleoli, surround a centrally located fragment of metaplastic, 
reactive woven bone, rimmed by osteoblasts. Scattered multinucleated non- 
tumoral giant cells also present

M. O. Hakim and A. E. Rosenberg
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Fig. 1.14 Mesenchymal chondrosarcoma composed of pink-blue, well- 
demarcated islands of hyaline cartilage, vaguely archipelagic, within a “busy” 
hypercellular small round to focally spindled tumor

1 Pathology of Chondrosarcoma



20

Fig. 1.15 Biphasic tumor composed of a hypercellular small blue round cell 
tumor with abrupt interface with a neoplastic nodule of hyaline cartilage – 
typical of mesenchymal chondrosarcoma. Note pink hue of the cartilage 
matrix. A staghorn-like vascular pattern is present in the round cell compo-
nent

M. O. Hakim and A. E. Rosenberg
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Fig. 1.16 Membranous CD99 immunostaining in mesenchymal chondrosar-
coma. A diagnostic pitfall for misclassification as other round cell sarcomas 
are positive for CD99
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 Introduction

Chondrosarcoma (CS) is a heterogeneous cartilage-producing 
tumor and the second most common primary bone cancer after 
osteosarcoma [1, 2]. It accounts for more than 20% of all pri-
mary bone malignancies. Although CS is proposed to arise from 
the chondrocyte lineage of mesenchymal cells, its exact cellular 
origin remains unknown [3]. Unlike osteosarcoma, which tends 
to affect children and adolescents, CS occurs in all ages with a 
predilection for the hip and femur [4]. Given its heterogeneity, 
pathologic and radiographic data are often combined in order to 
distinguish CS subtypes and inform treatment [5].

CS is classified into low, intermediate, or high grade accord-
ing to histopathological cellularity, nuclear atypia, and pleomor-
phism [6]. Progression from low to high grade is reflected by 
increased muco-myxoid matrix and vascularization in addition 
to cellularity and nuclear atypia. A classification change was 
approved in 2013 by the World Health Organization (WHO), 
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whereby grade 1 (low- grade) CS was renamed “atypical carti-
laginous tumor”  [6, 7]. Because grade 1 CS rarely metasta-
sizes, it is considered a locally aggressive neoplasm rather than 
malignant sarcoma. Additionally, the 5-year survival rate for 
grade 1 is relatively good at 85–95%. Grade 2 (intermediate-
grade) CSs are comparatively more cellular with less chondroid 
matrix than grade 1. While mitoses are present, they are widely 
scattered. The chondrocyte nuclei are enlarged and either vesic-
ular or hyperchromatic. Between the low- and high-grade sub-
types, the metastatic potential is intermediate at approximately 
10–15%. Grade 2 CS has a 5-year survival rate of approximately 
70–85%. The vast majority (85%) of conventional (primary and 
secondary) CSs are grade 1 or 2. Grade 3 (high-grade) CSs are 
hypercellular with nuclear pleomorphism, detected mitoses, and 
a sparse to absent chondroid matrix. High- grade CSs have high 
rates of metastasis up to 70% and a dismal prognosis when sur-
gical resection is used alone. Five-year survival rates for grade 3 
CS are less than 20%, largely a result of early disseminated 
metastases. In most cases, the histological grade of recurrent CS 
mimics the primary tumor; however, up to 13% of recurrences 
form a higher comparative grade. In addition to grade, CS is 
divided into subgroups, where 90% are conventional CS and the 
remaining 10% include the dedifferentiated, clear cell, mesen-
chymal, periosteal, or myxoid CS subtypes [6, 7]. As diagnos-
tics and sequencing technologies advance, the pathogenic 
biology and sensitivities between subtypes have gained increased 
attention with therapeutic selection.

CS is notorious for its resistance to traditional chemotherapy 
and radiation treatment [8] and has more recently shown robust 
resistance to several lauded targeted and immune therapies [9]. 
Extensive surgical resection has, therefore, remained the primary 
treatment modality, with prognosis a function of histological 
grade and negative surgical margins. Given the limitations of 
treatment for inoperable or metastatic CS, these patients maintain 
the shortest median survival times at less than 12 months. And 
while low-grade CS rarely metastasizes and can often be managed 
with surgery alone, high-grade CS is often recurrent, metastatic to 
the lung, liver, kidney, brain and frequently lethal [3, 8]. 
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Differentiating these two major subtypes and subsequently man-
aging patient expectations are complicated as no validated predic-
tive or prognostic biomarkers for CS exist [10]. Additionally, 
as  few therapeutics are used within the clinic, outcomes over 
the last several decades have plateaud and relied primarily on sur-
gery. There is, therefore, an urgent need to identify novel CS treat-
ments. Clearly, the efficacy of future therapies will necessitate a 
deeper understanding of the molecular biology of CS, perhaps 
with increased attention to subtype tailored management, so that 
newer and more precise targets are investigated in this heteroge-
neous and resistant cancer.

Although great strides have been made in understanding the 
pathology and morphology of CSs, many genetic and epigenetic 
mechanisms underlying their pathogenesis are poorly character-
ized. The current understanding is that CS develops in multistep 
fashion in which precursor mesenchymal stem cells (MSCs) 
exponentially accumulate genetic and pathway alterations, which 
encourage an increasingly more malignant histological phenotype 
[1, 3]. CS has been referred to as a sarcoma with a complex cyto-
genetic signature. Historically, comparative genomic hybridiza-
tion (CGH), fluorescence in situ hybridization (FISH), methylation 
assays, single-nucleotide polymorphism (SNP) microarrays, and 
coding and noncoding RNA arrays were the major detection tech-
niques of CS genomic and epigenomic alterations [1, 3]. More 
recently, an emergence of large-scale next-generation sequencing 
(NGS) studies have discovered a vast array of DNA amplification/
deletions, somatic mutations, and epigenetic changes [1, 3]. 
Simply put, these technologies have significantly improved our 
understanding of the molecular landscape that drives CS.  The 
NGS technology has revolutionized our understanding through its 
variants such as whole genome sequencing (WGS), whole exo-
some sequencing (WES), and RNA sequencing (RNA-Seq). WGS 
is more comprehensive, as it can reveal an unbiased landscape of 
somatic mutations in noncoding and unannotated regions of the 
whole genome. WES is the preferred method for uncovering 
genetic variants in known protein-coding regions of the exosome 
across an entire genome. Finally, RNA-Seq can characterize an 
entire transcriptome, including protein-coding messenger RNAs 
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(mRNAs) and noncoding RNAs (ncRNAs). This article reviews 
the most recent and relevant discoveries of the molecular biology 
driving CS, with a specific focus on the novel biomarkers and 
targets for prognostics and therapeutics.

 Frequently Amplified or Deleted Genes in CS

DNA copy-number alterations such as gene amplification or 
deletions represent a core mechanism of cancer pathogenesis. 
As a heterogeneous cancer, the CS genome displays compara-
tively more DNA amplifications and deletions than other 
tumors. Past CGH and more recent NGS investigations have 
highlighted these changes and reflect the chromosomal instabil-
ity which drives CS initiation and progression. In a CGH study 
of 67 CS cases, a remarkable 59 displayed abnormal DNA copy 
numbers. Specific and recurrent amplifications included 
8q24.21-q24.22 and11q22.1-q22.3. The amplified region of 
8q24.21-q24.22 contains the noteworthy genes MYC, MLZE, 
FAM49B, DDEF1, and ADCY8. The MYC oncogene has been 
shown to be frequently amplified in grade 2 and 3 CS and cor-
relates with shorter overall survival. In contrast, no MYC 
amplification was found in lower grade samples of enchon-
droma or grade 1 CS [11]. Homozygous deletions of 9p21.3, 
8q24.11, and 11p11.2, which contain CDKN2A (p16) as well 
as exostosin glycosyltransferase genes (EXT1 and EXT2), are 
present in some CSs [12]. The EXT genes encode glycosyl-
transferases involved in the biosynthesis of heparan sulfate 
(HS) chains at HS proteoglycans (HSPGs). These HSPGs are 
important in the diffusion of IHH, PTHLH, and fibroblast 
growth factor (FGF), all of which promote chondrocyte prolif-
eration and differentiation. Therefore, EXT deletions are able 
to affect hedgehog signaling by defective HS.  Similar results 
have been reported in skull base CS [13]. Another CGH array 
was used to investigate the copy-number changes in CS that 
initiate genetic events related to tumor progression. This same 
study showed genomic imbalances were rare in grade 1 CS 
tumors yet much more frequent in high-grade CS [14]. In total, 
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22 chromosome regions were imbalanced in ≥25% of the high-
grade CS tumors, with three of those regions located on chro-
mosome 12 containing the PTPRF-interacting protein-binding 
protein 1 (PPFIBP1) gene [14]. Loss of chromosome 6 and gain 
of 12q12 were associated with higher grade. Importantly, array 
CGH with cDNA expression showed gene amplification of 
chromosomal region 12q13 correlated with expression of the 
cyclin-dependent kinase 4 (CDK4) gene [14]. RNA expression 
analysis revealed higher expression of CDK4 in the CSs with 
this region being amplified. Loss of p16 occurs in 75% of high-
grade central CSs and no low- grade CSs [15]. Another study 
showed loss of heterozygosity (LOH) at chromosomal band 
9p21 is one of the few consistent genetic aberrations found in 
CS [16]. This locus harbors two cell- cycle regulators, p16 and 
INK4A-p14ARF (p14), which are inactivated in various human 
malignancies [16]. Loss of p16 protein expression was detected 
by immunohistochemistry in 12 of 73 central CSs and corre-
lated with increasing histological grade. However, LOH at 9p21 
was found in 15 of 39 CSs (38%) but did not correlate with loss 
of p16 protein expression [16]. Single- strand conformation 
polymorphism (SSCP) analysis of p16 did not reveal any muta-
tions in the 47 cases. To investigate whether an epigenetic 
mechanism was responsible for loss of p16 protein expression, 
methylation-specific PCR was used to detect p16 promotor 
methylation, which it found in 5 of the 30 tumors. Of note, p16 
promotor methylation did not correlate with p16 protein expres-
sion or LOH at 9p21 [16]. These studies suggest that although 
alterations exist in the general DNA sequence and its promoter 
regions, the absence of correlation between LOH, promotor 
methylation, and protein expression indicates a locus outside 
p16 is the likely target of LOH at 9p21 [16, 17]. The correlation 
between p16 protein expression and tumor grade indicates that 
a loss of p16 protein expression is an important event of CS 
progression [16]. This is supported by other studies as well, 
where loss of p16 protein expression also correlated with histo-
logical grade. In dedifferentiated, mesenchymal, clear cell, and 
periosteal CS, p16 aberrations were common and occurred in 
85%, 70%, 95%, and 50% of the cases, respectively [18].

2 Advances in the Molecular Biology of Chondrosarcoma



32

 Frequently Mutated Genes and Signaling 
Pathways in CS

Gene mutations are often the nidus for cancer initiation. CS is no 
different, as multiple mutations, either germline or somatic, have 
been identified [3, 18]. The most commonly mutated genes in CS 
include isocitrate dehydrogenase (IDH) 1 and 2, COL2A1, p53, 
the tumor suppressor retinoblastoma protein (Rb), and hedgehog- 
associated genes (Table 2.1).

IDH Somatic mutations of IDH1 and IDH2 were first discovered 
in gliomas and then in acute myeloid leukemia (AML) [19]. IDH1 
and IDH2 mutations were the first common genetic abnormalities 
identified in CS and occur in 50–75% of CSs, with frequency 
varying by CS subtype and grade [20–23]. Similar to gliomas and 
AML, these mutations occur early on in CS tumourigenesis [23]. 
In a mutational analysis including 25 high-grade CSs, 61% of the 
cases (14/23) harbored a somatic mutation in IDH1/2, with the 
majority (86%) of mutations occurring in the IDH1 gene. IDH1/2 
mutation analysis is a promising distinguishing biomarker 
between CS and chondroblastic osteosarcoma [22]. These muta-
tions are quite specific, as the point mutations of IDH1 and 
IDH2 in CS are often different from the mutations in other tumor 
types including AML and glioma. CS predominantly harbors 

Table 2.1 Most frequently mutated genes in CS

Gene Location Class

DNA 
size
(kb)

mRNA 
size
(kb)

Signaling 
pathway

IDH1/2 2q34/15q26 Enzymes 29.8 2.5 Cell 
metabolism

COL2A1 12q13 Collagen 52.3 5.0 Cartilage
p53 17p13 Tumor 

suppressor
25.8 2.6 p53

Rb1 13q14 Tumor 
suppressor

29.6 4.7 Cell cycle/
apoptosis

Hedgehog 7q36 Hedgehog 
genes

12.4 4.6 Sonic 
hedgehog
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R132C mutations in IDH1, whereas glioma has mainly R132H 
mutations in IDH1 and AML has R140Q mutations in IDH2. 
Caution is advised diagnostically, however, as these mutations are 
not entirely exclusive, suggesting the IDH1 and IDH2 mutations 
share tumorigenic pathways in cancers [22]. In another study with 
102 tissues from 37 CS patients, which included both primary and 
recurrent samples, researchers found that detection of an IDH1 
mutation in a primary CS would also present in any locally recur-
rent or metastatic tumors [15].

IDH1 and IDH2 have similar enzymatic functions in the tricar-
boxylic acid cycle (TCA cycle), where they normally convert iso-
citrate to α-ketoglutarate (α-KG). Mutant IDH loses this function 
and instead causes accumulation of δ-2-hydroxyglutarate (D2HG) 
[24]. Different IDH1 and IDH2 mutations produce variable levels 
of this oncogenic metabolite. R132C is a strong D2HG producer, 
whereas R132H and R140Q are weak producers. D2HG functions 
as an oncometabolite by mimicking the α-KG structure and there-
fore inhibiting α-KG-dependent dioxygenases involved in DNA 
and histone demethylation. This ultimately produces a hyper-
methylated state of DNA and histones [24, 25] (Fig. 2.1). IDH 
mutations also affect metabolism, cell growth, signaling path-
ways, and DNA damage repair [25]. Studies have shown introduc-
tion or imitation of IDH mutations in mesenchymal stem cells 
impairs osteogenic differentiation and promotes chondrogenic 
differentiation in vitro. Thus, DNA copy-number alterations and 
IDH1/IDH2 mutations likely represent early initiating events in 
CS.  Subsequent mutations CS may acquire such COL2A1 and 
p53 further drive CS tumorigenesis.

In addition to their roles in malignant CS, mutated IDHs are 
found in benign cartilaginous enchondromas [26]. A wide range 
of mutations have been reported in these neoplasms, including the 
IDH1-R132Q mutation. Mice with IDH1-R132Q in a single allele 
with concomitant COL2A1 expression form a disordered growth 
plate, with persistence of type X-expressing chondrocytes. 
Chondrocyte cultures from these animals showed increased pro-
liferation and expression of genes characteristic of hypertrophic 
chondrocytes, including IDH1-R132Q.  COL2A1-Cre; IDH1- 
R132Q mutant knock-in mice (mutant allele expressed in 
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 chondrocytes) did not survive after the neonatal stage [26]. 
COL2A1-Cre/ERT2; IDH1-R132 Q mutant conditional knock-in 
mice developed multiple enchondroma-like lesions. Taken 
together, these findings suggest mutant IDH causes a persistence 
of chondrocytes, giving rise to growth-plate cells that form in the 
bone as enchondromas [26].

COL2A1 A comprehensive WES analysis by the Cancer Genome 
Project was conducted with 49 CS cases and their paired normal 
tissues, including 30 central, 4 peripheral, 14 dedifferentiated, and 
1 synovial chondromatosis. In total, 1428 somatic mutations were 
identified, with a somatic mutation burden ranging from 1 to 115. 

Chondrosarcoma cell metabolism and mutation of IDH
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Fig. 2.1 Chondrosarcoma cell metabolism and mutation of IDH. The IDH 
enzyme family includes three proteins: IDH1, IDH2, and IDH3. IDH1 and 
IDH2 catalyze the oxidative decarboxylation of isocitrate to α-KG, which is 
dependent on reversible NADP+. IDH3 catalyzes isocitrate to α-KG in the 
TCA cycle, and dependent on NAD+. Mutant IDH1/2 enzymes catalyze 
NADPH and α-KG to NADP+ and D2HG. D2HG is a competitive inhibitor 
of α-KG-dependent dioxygenases, which are involved in various cellular pro-
cesses and act as oncometabolites. Superfluous D2HG can lead to increased 
histone methylation, oncogene expression, and impaired cell differentiation. 
Abbreviations: D2HG δ-2-hydroxyglutarate, IDH isocitrate dehydrogenase, 
NAD nicotinamide adenine dinucleotide, NADP nicotinamide adenine dinu-
cleotide phosphate, TCA cycle tricarboxylic acid cycle, αKG alpha ketoglu-
tarate
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These mutations comprised 944 missense, 61 nonsense, 37 essen-
tial splice, 80 indel, and 301 synonymous changes [27]. The 
somatic mutation burden was significantly associated with 
increasing grade. In fact, high-grade CS (grade 2, 3, and dedif-
ferentiated) contained more than double the somatic mutations 
per sample of grade 1 CS. The most striking finding of this study 
was the discovery of COL2A1 mutations via insertions, deletions, 
and rearrangements, which were identified in 37% of the CS 
cases. The mutation patterns were selective for those variants 
more likely to impair normal collagen biosynthesis [27]. As CS is 
an extracellular matrix (ECM)-rich sarcoma and collagen is the 
major component of the ECM, the aberrant ECM collagen in CS 
is likely driven by these COL2A1 mutations [28, 29]. COL2A1 
encodes the α-chain of type II collagen fibers and is the major 
contributor to this collagen matrix and articular cartilage. Indeed, 
if normal collagen production is affected by mutant COL2A1, 
there is opportunity for therapeutic strategies which upregulate 
the cellular and endoplasmic reticulum stress responses geared 
toward managing misfolded proteins as a natural defense mecha-
nism. The entire COL2A1 gene has also been sequenced in osteo-
sarcomas, chordomas, and meningiomas to compare mutation 
patterns. The results showed specificity for the COL2A1  in CS 
[27]. As an ECM component, type II collagen matrix restores car-
tilaginous features of human primary chondrocytes greater than 
type I collagen matrix [30]. COL2A1 mutations likely represent 
hallmark alterations of CS matrix deposition and signaling and 
are therefore attractive oncogenic targets.

P53 and Rb1 Tumor suppressor genes p53 and Rb1 are the most 
commonly mutated genes in human cancer, and their pathways 
are pivotal in the control of cell cycle progression and apoptosis. 
As expected, mutated p53 is also observed in CS [2, 27, 31]. A 
significant correlation exists between p53 overexpression or alter-
ation and tumor histological grade and metastasis in CS [32, 33]. 
Additionally, p53 protein inactivation may occur by binding with 
the protein mouse double minute 2 homolog (MDM2, 18). 
Overexpression of MDM2 was evidenced by immunohistochem-
istry (IHC) in 33% of high-grade CSs and correlated with increas-
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ing histological grade. These results warrant the development of 
strategies which block the p53–MDM2 interaction in order to 
restore normal p53 function in CS. The other prominent tumor 
suppressor, Rb, prevents progression from the G1 to S phase of 
the cell cycle by binding and inhibiting E2 factor (E2F). Cyclin- 
dependent kinase 4 or 6 (CDK4/6) phosphorylates Rb (pRb) and 
therefore switches off the tumor-suppressing function of Rb, 
hence releasing the E2F complex. In short, the pRb is unable to 
restrict cell cycle progression in its phosphorylated form [34]. 
Over- activation and expression of CDK4 complexes exist in CS 
and similarly disrupt cell cycle breakpoints and enable uncon-
trolled cell proliferation [35]. Complete deletion or low expres-
sion of the Rb gene has been found in a majority of high-grade 
CSs. One study reported the Rb pathway is aberrant in a remark-
able 96% of high-grade CSs, either via decreased tumor suppres-
sor p16 (48%) or increased CDK4 (55%) or cyclin D1 (62%) [36].

Hedgehog Three hedgehog-related genes have been reported 
and include sonic hedgehog (SHH), desert hedgehog (DHH), and 
Indian hedgehog (IHH). They all undergo similar processing, cell 
secretion, and share signaling pathways within the cells. Once 
produced, HH proteins are first cleaved in order to become func-
tional signal molecules. After this posttranslational processing, 
the protein is secreted from the cell before binding to membrane 
protein patched (PTH). The signal is received by another mem-
brane protein, Smoothened (SMO), and then transduced into the 
nucleus by the transcription factor Gli. The stability and activity 
of Gli are modified by scaffold protein suppressor of fused 
(SUFU). This complex hedgehog signaling pathway is instrumen-
tal in chondrocyte proliferation and bone development [37]. WES 
has revealed 18% of CS tumors contain mutations in hedgehog 
signaling genes. High-grade CS is notable for its high expression 
of hedgehog pathway factors. Mutations of SHH-associated genes 
(hedgehog receptor PTCH1, Gli2/3) constitutively activate hedge-
hog signaling, resulting in benign cartilaginous neoplasms includ-
ing enchondroma, osteochondroma, chondroblastoma, periosteal 
chondroma, and chondromyxoid fibroma [27, 38, 39]. These 
growths, while benign, can be precursor lesions to malignant 
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CS.  Four PTCH1 mutations have been identified via an exome 
screen (2 missense and 2 truncating), and inactivating SUFU 
mutations and GLI1 amplifications also exist in CS [27].

 Fusion Genes in CS

Fusion genes are rare compared to DNA amplifications, deletions, 
and mutations in CS. Of those that exist, the two fusion genes 
HEY1-NCOA2 and IRF2BP2-CDX1 have been reported in mes-
enchymal CS [40, 41]. HEY1-NCOA2, which was the first fusion 
gene identified in CS, is a promising diagnostic marker of mesen-
chymal CS as it is quite specific for this subtype [42]. HEY1, the 
5′ partner of the HEY1-NCOA2 fusion gene, is a downstream 
effector of Notch signaling [1]. NCOA2 is a member of the p160 
nuclear hormone receptor transcriptional coactivator family. The 
C-terminal portion of HEY1 can be replaced by the NCOA2 AD1/
CID and AD2 domains while retaining the HEY1 bHLH DNA- 
binding/dimerization domain, thus resulting in the fusion gene 
HEY1-NCOA2. Further functional studies of the HEY1-NCOA2 
fusion gene are required to delineate its significance in mesenchy-
mal CS pathogenesis and whether its targeting affects cancer hall-
marks. Lastly, the NR4A3-FUS fusion gene has been reported in 
extra-skeletal myxoid CS [43], but follow-up studies are limited.

 Epigenetic Alterations in CS

A variety of epigenetic mechanisms can be disturbed in cancer, 
which has prompted their emergence in cancer detection and ther-
apy. Several epigenetic alterations, especially DNA methylation and 
ncRNAs, have garnered recent attention for their roles in CS [44].

DNA Methylation Hypermethylation primarily occurs at the 
promoter CpG islands of tumor suppressor genes, hence inactivat-
ing their expression. Affected tumor suppressor genes include p16 
and Runt-related transcription factor 3 (RUNX3), which also 
 double as potential prognostic indicators for CS [44]. 
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Hypermethylation of the promoter CpG island of Wnt inhibitory 
factor 1 (WIF1) has been observed in the CS cell lines CS-1 and 
SW1353 as well as tumor tissues [45]. WIF1 encodes a lipid-
binding protein to Wnt proteins which ultimately prevents its 
canonical signaling cascade and its various downstream oncogene 
effectors [46, 47]. The Wnt proteins comprise a large family of 
secreted cysteine-rich glycoproteins with important roles in can-
cer pathogenesis [48], with each member defined by its amino 
acid sequence rather than function. The majority of Wnt cancer 
research has focused on its β-catenin and canonical signaling [48, 
49]. Ordinarily, Wnt ligands bind to the frizzled and low-density 
lipoprotein receptor-related protein-5/6 (LRP-5/6) which in turn 
activates the intracellular protein Dishevelled (Dvl). Wnt antago-
nists, including WIF1, collapse this pathway by inhibiting binding 
of Wnt ligands to receptor complexes, followed by β-catenin 
phosphorylation and degradation, and finally blockage of TCF/
LEF transcription of various oncogenes. Dysregulated Wnt sig-
naling has been observed in bone sarcomas such as osteosarcoma 
and Ewing sarcoma as well as cartilaginous CS [45, 49]. Western 
blot analysis has confirmed loss WIF1 expression and activation 
of Wnt pathway proteins (Wnt5a/b, LRP6, and Dvl2) in 
CS. Statistical follow-up analysis revealed high levels of WIF1 
methylation were associated with shorter overall survival and 
progression-free survival rates in CS patients. Multivariate Cox 
hazard analysis supported detection of hypermethylation of WIF1 
as an independent prognostic factor in overall survival and 
progression- free survival in CS [45]. Another tumor-suppressor 
gene, p73, has also shown promoter hypermethylation in CS [50]. 
The recently discovered transcription factor p73 is a new member 
of the p53 family, with a DNA sequence containing significant 
homology to p53. The level of p73 methylation is positively cor-
related with CS histological grade. In addition, loss of p73 protein 
expression was correlated with heightened methylation of the p73 
promoter. Furthermore, p73 expression could be restored in CS 
cell lines after exposure to a DNA demethylating drug.

NcRNAs ncRNAs are functional RNA molecules that do not 
form a protein. Epigenetic-related ncRNAs include miRNA, 
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lncRNA, and circular RNAs. Among these subclasses, miRNAs 
(miRs) are the best known and most extensively studied in human 
cancer. Expression of altered miR can be instrumental in tumor 
progression. Several miRs including miR-30a, miR-100, miR- 
145, miR-181a, and miR-221 are dysregulated in CS [51–54]. 
Regarding lncRNAs, expression of HOTAIR (a lncRNA) is 
upregulated in CS tissues and cell lines, with heightened expres-
sion correlating with CS tumor stage and poor prognosis. 
Furthermore, HOTAIR knockdown leads to growth inhibition of 
CS cells in vitro and in vivo [55]. BCAR4, another lncRNA, has 
also shown to be upregulated in CS tissues and cell lines [56] and 
an inducer of proliferation and migration. The mTOR signaling 
pathway is epigenetically activated by BCAR4-induced hyper-
acetylation of histone H3. Several in vivo experiments have fur-
ther confirmed BCAR4 overexpression accelerates CS tumor 
growth and, conversely, that knockdown of BCAR4 inhibits CS 
growth. In summary, BCAR4 promotes chondrosarcoma cell pro-
liferation and migration through activation of the mTOR signal-
ing pathway and is a potential therapeutic target [56].

 Integrated Genomic Approaches in CS

A variety of sequencing methods have highlighted the genomic 
complexity and heterogeneity of CS, including variations in DNA 
sequences/mutations, copy numbers, epigenetics, and gene 
expression. Compared to implementing a single sequencing 
method such as WGS, WES, RNA-Seq, or a methylation study, 
more integrated genomic profiling platforms are able to more 
completely identify copy-number alterations, somatic mutations, 
gene fusions, gene expression, and epigenetic alterations (DNA 
methylation and ncRNA). Through the integration of multiple 
genomic data platforms, researchers have created a fuller molecu-
lar biology picture, with less bias and more interplay of the 
genome, epigenome, and transcriptome. In an integrated multi- 
platform (DNA, mRNA, miRNA, and methylation) molecular 
approach to CS, three major molecular features have emerged as 
principally important to CS pathogenesis: high mitotic state, loss 
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of chromosomal region 14q32, and IDH mutations leading to 
genome-wide DNA hypermethylation [57]. These three elements 
were able to subclassify CS with superior accuracy than currently 
administered grading techniques.

 Mouse Models of CS

Cancer mouse models enable preclinical studies to take the next 
step toward clinical application, as the abnormalities from patient 
tissues and cell lines can undergo another round of vigorous test-
ing in vivo before a clinical trial. Mouse xenograft models, either 
through xenotransplantation of cancer cell lines or patient-derived 
tumor xenografts (PDXs) in immune-deficient mice, have been the 
gold standard method in this endeavor. Although relatively few CS 
mouse models have been developed, some athymic nude mice 
have allowed for reliable human xenograft transplantation, and 
several human CS cell lines have been successfully used to gener-
ate tumors within the mice to date [58, 59]. Although preclinical in 
vitro effectiveness has been demonstrated in a number of antitu-
mor agents, the lack of representative orthotopic CS mouse models 
has hindered subsequent clinical trial work. Genetically engi-
neered CS mouse models have been tested by conditional loss of 
expression of p53 or Ink4a/Arf. However, subsequent tumor loca-
tion was unpredictable and varied, making confident conclusions 
and functional assessment of the model challenging [60]. Gli2 and 
p53 cooperatively regulate insulin-like growth factor (IGF)-
mediated chondrocyte signaling in the progression from benign 
neoplasm to malignant CS in mouse models. Mice having enchon-
dromas with overexpression of Gli2 in chondrocytes were crossed 
with mice deficient in p53 and were subsequently found to develop 
lesions similar to low-grade CS [61].

 Genetic Pathways and Targets in CS

Treatment of unresectable and metastatic CS is hindered by resis-
tance to standard chemotherapy regimens. Newer targeted thera-
pies have also been evaluated in CS, including inhibitors of 
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AKT-PI3K, mTOR, and PDGFR with disappointing results [1–3]. 
In recent years, however, superior genomic studies have identified 
promising targetable genes and related driver pathways in 
CS. Specific targets include alterations in IDH, Hh, Rb, and CDK4 
signaling pathways (Table  2.2). And while preclinical studies 
have shown favorable outcomes in CS inhibition [62–64], follow-
 up clinical trials are needed to cement their utility in CS therapy.

IDH Whereas the normal IDH protein produces α-KG in the 
TCA cycle, the mutant IDH protein uses α-KG as a substrate for 
conversion into the oncometabolite D2HG (Fig. 2.1). While the 
exact functions of IDH mutations in CS are unclear, emerging 
works have shown its mechanisms. In a study which implemented 
CRISPR/Cas9 to knockout mutant IDH1  in two CS cell lines, 
D2HG production, anchorage-independent growth, and cell 

Table 2.2 Potential genetic pathways and targets in CS

Gene and 
target

Agent and 
inhibitor Mechanism

Preclinical and clinical 
results

IDH AG-120, 
AG-221

Mutant IDH 
inhibitor

D2HG reduction, 
acceptable safety profile, 
and clinical activity

Hedgehog IPI-926 Smoothened (Smo) 
inhibitor, a 
hedgehog 
antagonist

Hedgehog pathway 
downregulation, 
decreased in vivo tumor 
growth

Rb and 
CDK4

Palbociclib Kinase inhibition Reduced CDK4 and 
tumor burden

Sox2, 
Sox9

siRNA Target mRNA Apoptosis

COX2 Celecoxib COX2 inhibition Decreased CS cell 
viability

AKT/PI3K SF2523 Kinase inhibition Decreased CS cell 
growth

Src Dasatinib Kinase inhibition Decreased CS cell 
proliferation

HIF siRNA and 
inhibitor

mRNA or HIF 
protein targeting

Decreased CS cell 
invasion

IGF IGF-1R 
inhibitor or 
antibody

IGF-1R inhibition Apoptosis
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migration were significantly decreased. Loss of mutant IDH1 also 
led to reduced CS formation and D2HG production in a xenograft 
model. In addition, RNA-Seq analysis of the mutant IDH1 knock-
out cells revealed downregulation of several integrin genes. This 
was quite significant, as deregulation of integrin-mediated pro-
cesses contributed to the tumorigenicity of mutant IDH1 CS cells. 
Overall, this study showed IDH1 contributes to CS genesis 
through integrin modulation and can be successfully targeted by 
gene editing. Therefore, integrins are promising candidates for 
activity modulation alongside mutant IDH1 inhibitors in CS treat-
ment [65]. Of note, the two mutant IDH inhibitors enasidenib 
(AG-221) and ivosidenib (AG-120) were recently approved by the 
FDA for IDH-mutant relapsed or refractory acute myeloid leuke-
mia (AML). Based on promising phase 1 safety and efficacy data, 
they continue to be studied in trials focused on hematologic 
malignancies, gliomas, cholangiocarcinoma, and even CS. Finally, 
preclinical studies have demonstrated AG-120 reduces several 
cancer hallmarks in addition to D2HG reduction with demon-
strated inhibition of migration and invasion in CS cell lines [24].

Hedgehog CS expresses high levels of the hedgehog target genes 
PTCH1 and GLI1 [66, 67]. Quantitative changes in CS cultures 
have shown significance in preclinical models. Cultures with 
increased hedgehog protein showed heightened proliferation, 
while an inoculation with hedgehog signaling inhibitor caused 
decreased proliferation [68]. CS xenografts from 12 different 
human tumors were established in NOD-SCID mice. Treatment 
with triparanol, an inhibitor of hedgehog signaling, resulted in a 
60% decrease in tumor volume, 30% decrease in cellularity, and a 
20% reduction in proliferation rate. These results support 
 hedgehog signaling as a contributor to CS proliferation [66]. 
Saridegib (IPI-926) is a potent, orally delivered small molecule 
inhibitor of the hedgehog signaling pathway that functions via 
binding to Smoothened (SMO). IPI-926 administration downreg-
ulates the hedgehog pathway in primary CS xenografts, as is dem-
onstrated by reduced hedgehog target genes GLI1 and PTCH1 
alongside depressed tumor growth [67]. Mechanistically, CS 
exhibits autocrine and paracrine hedgehog signaling, both of 
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which are affected by IPI-926. Treatment also resulted in charac-
teristic histopathologic changes of calcification and tumor cell 
loss. Subsequent gene profiling studies highlighted several impor-
tant genes differentially expressed in CS following IPI-926 treat-
ment, including ADAMTSL1, which regulates CS proliferation 
[67]. These studies showcase the roles of the hedgehog pathway 
in CS and provide a rationale for its targeting in CS.

Rb and CDK4 Several studies have shown increased expression 
of the cell cycle regulatory protein CDK4 in human CS tissues, 
which correlates with genomic amplification on 12q13 [14]. The 
hyperexpression of CDK4 is associated with metastasis and poor 
patient prognosis [35, 36]. Knockdown of CDK4 by shRNA in CS 
cell lines significantly decreases viability, proliferation, and clo-
nogenicity in vitro [35, 36]. Several works have followed these 
findings, including treatment of CS cell lines with the potent 
CDK4 inhibitor palbociclib. Researchers found treatment induced 
a state of cell cycle arrest within the G1 phase, as well as decreased 
cell migration and invasion via modulating the CDK4/Rb signal-
ing pathway. Administration of palbociclib in vivo could also 
reduce CS tumor burden [35]. In a phase I dose-defining study of 
the heat shock protein 90 inhibitor alvespimycin, a patient with 
CS maintained disease stability for more than 6 months alongside 
a concomitant reduction of CDK4 levels [69]. These results sup-
port CDK inhibitors as potential treatment strategies for patients 
with high-grade CS.

Other Pathways Although several common mutations and path-
ways have been identified in CS such as COL2A1, p53, p16, Rb, 
and MDM2, their novel targeted therapies have yet to be  successful 
in clinic [70]. There are several other attractive pathway targets, 
however, including those with Sox2, Sox9, COX2, IGF, HIF-1, 
and AKT/PI3K [3, 71–73]. As an example, the Sox2 and Sox9 
transcriptional factors are vital throughout the chondrocyte cell 
lineage, with roles in chondrogenesis, chondrocyte differentia-
tion, and proliferation. Furthermore, Sox2 and Sox9 activate tran-
scripts of many cartilage-specific genes such as COL2A1, 
COL9A1, COL11A2, aggrecan, and cartilage link protein genes. 
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Aside from their roles in physiologic cartilage growth, high levels 
of Sox9 and type II collagen have been detected in CS [71]. 
Mechanistically, Sox9 enhances transcriptional activities of the 
AKT/PI3K pathway via promoter binding. There is evidence that 
Sox9 knockdown promotes apoptosis of CS cells and a subse-
quent reduction of AKT phosphorylation [74]. Hence, there is 
growing interest in Sox2 and Sox9, as they may play vital roles in 
CS progression and are also amenable to targeting. Although it 
can be active in normal cartilaginous tissue, COX2 overexpres-
sion is specifically associated with higher histological grade and 
shorter survival in CS [75]. Another transcription factor, HIF-1, is 
expressed in high-grade CS and may also contribute to its chemo-
resistance [76]. At present, there are several inhibitors of AKT/
PI3K, Src, and HIF-1 signaling pathways with clinical develop-
ment and promise in CS therapy. One leading candidate is SF2523, 
a highly selective and potent inhibitor of PI3K, which has been 
shown to inhibit CS cell growth in vitro and in vivo [77].

 Immunotherapy of CS

Emerging immunotherapies have generated considerable atten-
tion for their success in a variety of human cancers, which has led 
to studies assessing their potential in various sarcomas such as 
CS. Of the immunogenic target antigens, cancer testis antigens 
(CTAs) have been especially prominent in CS work and include 
MAGE, NY-ESO-1, TRAG-3/CSAGE, and PRAME [78]. As an 
example, specific CD8+ T cells are able to lyse chondrosarcoma 
cell lines which express these antigens [78–80]. Recent preclini-
cal studies have focused on immune checkpoint proteins  including 
programmed cell death receptor-1 (PD-1) and its associated ligand 
(PD-L1) in CS [9]. Increased expression of PD-1 has been 
observed in CS tissues compared to healthy bone tissue controls 
[81]. Several studies have stratified PD-L1 expression according 
to CS subtype. In one study, PD-L1 expression was observed in 
41% of dedifferentiated CS samples. A more recent study revealed 
a PD-L1 expression of 67.8% and PD-L2 expression of 42.4% in 
59 conventional CS tissue samples. In addition to simply being 
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expressed, PD-L1 correlated with worse tumor grade and recur-
rence [43]. Although these studies support anti-PD-1 blockade 
therapy for CS treatment, immune checkpoint inhibitor studies in 
CS remain sparse at the clinical trial level, and confident conclu-
sions on their efficacy would be premature. The majority of data 
thus far has been drawn from clinical trials on diverse sarcoma 
types, without a specific focus on CS. In the SARC028 clinical 
trial, one of five CS patients treated with the PD-1 antibody pem-
brolizumab (KEYTRUDA®) had an objective response [82]. 
Another study showed a partial response in a 74-year-old patient 
with dedifferentiated CS after six cycles of the PD-1 antibody 
nivolumab (OPDIVO®) [83]. The recent favorable clinical results 
seen in chimeric antigen receptor T cell (CAR-T) immunotherapy 
for hematologic malignancies may lead to an expansion of studies 
utilizing this therapy for CS, both at the preclinical and clinical 
levels [84].

 Conclusion

CS is a relatively common cartilaginous tumor of bone with an 
especially dismal prognosis for those patients with unresectable 
or metastatic disease, as it is highly resistant to currently used 
chemotherapies. This has garnered an expansion of advanced 
NGS studies, which have revealed a variety of targets and path-
ways that will guide future diagnostic and therapeutic interven-
tion. Current efforts integrate genomic, epigenetic, transcriptomic, 
and metabolomic technologies into a single dataset across CS 
subtypes and have highlighted the most robust oncogenic drivers 
amenable to targeted therapy. The molecular spectrum across CS 
subtypes has become clearer, each with their own underlying biol-
ogy and treatment sensitivity. Within the next few years, the cata-
logue of genetic alterations and pathways that drive CS will 
become even more defined, largely due to the work of large-scale 
efforts through the NGS, TCGA, the International Cancer Genome 
Consortium, and others. Furthermore, single-cell-based NGS may 
further clarify CS heterogeneity. Given the low incidence and 
high diversity of CS subtypes, global multicenter studies with 
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larger CS sample cohort sizes are required. Additional discoveries 
focused on the molecular biology underlying CS will enable a 
selection of therapy according to an individual tumor sensitivity. 
By identifying the targeted therapies as well as the prognostic and 
predictive biomarkers most effective in inoperable or recurrent 
disease, CS subtypes can be confidently analyzed, and tailored 
management can overcome current therapeutic barriers.
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 Introduction

Chondrosarcoma is a malignant tumor of hyaline cartilage. It can 
be classified as primary or secondary (arising from a benign 
osteochondroma or enchondroma). Primary chondrosarcoma is 
the third most common primary malignant bone tumor [1]. 
Chondrosarcoma can be further divided into different subtypes 
that include central, clear cell, periosteal, mesenchymal, myxoid, 
and dedifferentiated.

The purposes of imaging malignant bone tumors are to aid in 
diagnosis, evaluate local tumor extent, plan and guide biopsy 
sampling, and direct medical and surgical management. Initial 
workup for a suspected bone tumor begins with plain radiography. 
Plain radiographs can reveal the presence and type of matrix min-
eralization, aggressive bony destruction, and pathologic fractures. 
Advanced, cross-sectional imaging with CT and/or MRI should 
then be obtained. Both modalities can help determine local extent 
of tumor and plan biopsy sampling. The use of intravenous con-
trast with either modality may reveal specific enhancement 
 patterns that may further aid in tumor characterization and help 
identify tumor necrosis, fluid collections, and soft tissue extent.
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 Central Chondrosarcoma

Central chondrosarcoma, also known as intramedullary chondro-
sarcoma, is the most common chondrosarcoma subtype. It com-
monly presents in the fourth to fifth decades of life and occurs 
twice as frequently in males as in females [1]. Histologically, cen-
tral chondrosarcoma can be classified as low, intermediate, or 
high grade. Aggressive imaging features typically correspond 
with the grading classification. Higher grade lesions generally 
have higher risk of local recurrence and metastasis [1].

Long bones of the appendicular skeleton are most commonly 
involved with central chondrosarcoma, with up to 35% of cases 
occurring in the femur, followed by the humerus and tibia [1, 2]. 
Of long bone lesions, half occur at the metaphysis, followed by 
the diaphysis (36%) and epiphysis (16%) [3]. Lesions can also 
occur proximally and along the axial skeleton, most commonly in 
the pelvis (25%) and less frequently in the ribs, scapula, and ster-
num [1]. Central chondrosarcoma of the pelvis is often large at 
presentation and commonly occurs at the region of the fused trira-
diate cartilage [1, 2]. Cases involving ribs typically occur at the 
anterior costochondral junctions [1]. Rarely does central chondro-
sarcoma occur in the bones of hands and feet. Differentiation 
between a low-grade chondrosarcoma and an enchondroma of the 
hands or feet is challenging on imaging, as both entities may dis-
play endosteal scalloping [3]. An associated soft tissue mass and 
clear cortical destruction are suggestive of malignancy [3].

On plain radiographs, central chondrosarcoma appears as a 
mixed lytic and sclerotic lesion (Fig. 3.1). As with most benign 
and malignant cartilaginous lesions, central chondrosarcoma 
often demonstrates the characteristic ring-and-arc chondroid 
matrix mineralization pattern [1]. Low-grade lesions may appear 
geographic with lobular margins. Endosteal scalloping, corti-
cal penetration, and a soft tissue mass may also be seen. Moth-
eaten or permeative bony destructive patterns are aggressive 
radiologic features that suggest high-grade chondrosarcoma or 
 dedifferentiation [1]. Pathologic fractures are seen in up to 17% 
of cases [1] (Fig. 3.2).
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a b
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Fig. 3.1 Central chondrosarcoma, grade 2: 64-year-old man with a mixed 
lytic and sclerotic lesion of the proximal femur. (a) AP radiograph of the 
femur shows cartilaginous mineralization in the proximal femur (arrows). (b) 
Coronal CT image also demonstrates cartilaginous mineralization and mild 
endosteal scalloping of the cortex (arrow). (c) Coronal T1W MR image shows 
a hypointense lobulated mass with subtle speckled hyperintense foci of 
trapped bone marrow fat (arrow). (d) Coronal STIR MR image shows a het-
erogeneously hyperintense mass with hypointense cartilaginous calcifica-
tions (arrow)

3 Imaging Features of Chondrosarcoma



56

On both MRI and CT, central chondrosarcoma appears as a 
lobulated mass with cartilaginous features. On MRI, there is typi-
cally low to intermediate signal intensity on T1-weighted imag-
ing. Within the lesion, there may be small speckled foci of T1 
hyperintensity, representing trapped yellow marrow [1, 4]. On 
T2-weighted imaging, hyperintense lobules of hyaline cartilage 
separated by low-intensity fibrovascular septae are commonly 
seen [1]. Matrix mineralization will appear dark in all MR 
sequences. CT imaging is useful in characterizing matrix mineral-
ization that would be typical of cartilage, extent of cortical 
destruction, and presence of soft tissue involvement. Contrast- 
enhanced CT and MRI typically show mild peripheral and septal 
enhancement [1] (Fig. 3.3).

Aggressive features on cross-sectional imaging include corti-
cal destruction and the presence of a soft tissue mass (Fig. 3.4). 
On MRI, loss of the lobular architecture and of the entrapped yel-
low marrow suggest higher grade chondrosarcoma [4]. Aggressive 
lesions may also demonstrate central non-enhancing areas, which 
correspond to hemorrhagic cystic changes or necrosis [4].

Bone scintigraphy and [18F]fluoro-2-deoxy-D-glucose positron 
emission tomography (18FDG-PET) imaging may also be used to 
distinguish chondrosarcoma from a benign chondral lesion. On 
scintigraphy, chondrosarcoma often demonstrates heterogeneous 
uptake that is greater than that of the anterior iliac crest [3]. On 

a b

Fig. 3.2 Central chondrosarcoma, grade 1: 61-year-old female with a patho-
logic fracture of the humerus. (a) AP radiograph of the humerus shows a 
fracture of the surgical neck (arrow) with sclerotic regions in the proximal 
humerus and adjacent soft tissue. (b) Coronal CT image further characterizes 
the areas of sclerosis as cartilaginous calcifications and shows an adjacent 
soft tissue mass with similar calcifications (arrows)
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18FDG-PET imaging, chondrosarcoma has a maximum standard-
ized uptake value (SUV) greater than 2.0 [5]. Higher SUV is asso-
ciated with higher grade lesions and may correspond to an 
increased rate of recurrence or metastasis [6].

 Secondary Chondrosarcoma

Secondary chondrosarcoma arises from a preexisting benign 
chondral lesion (Fig. 3.5), usually an osteochondroma or enchon-
droma [1, 2].

Osteochondroma is the most common benign chondral bone 
neoplasm and usually develops along the bone growth plate [7]. 
Malignant transformation into chondrosarcoma occurs in 1% of 

a b

c d

Fig. 3.3 Central chondrosarcoma, grade 2: 60-year-old female with focal 
sclerosis of a left iliac bone lesion. (a) AP radiograph of the pelvis shows a 
predominantly sclerotic mass centered along left sacroiliac joint (arrow). (b, 
c) Axial T1W and STIR MR images show a lobulated mass arising from the 
posterior iliac bone with cortical destruction and extension into the adjacent 
soft tissue (arrows). The high STIR signal suggests a cartilaginous lesion. (d) 
Axial contrast-enhanced T1W FS MR image shows the characteristic periph-
eral and lobular enhancement pattern of a cartilaginous tumor (arrows)
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solitary osteochondromas and 3–5% in hereditary multiple exos-
toses [7]. A majority of these transformed chondrosarcomas are of 
low histologic grade. Malignant transformation more frequently 
occurs in lesions of the pelvis, hips, and shoulders [7].

On radiographs, growth of a preexisting osteochondroma in a 
skeletally mature individual, cortical loss, and focal radiolucencies 
within the lesion suggest malignant change [7]. On CT and MRI, a 
thickened cartilage cap of greater than 3 cm is a highly sensitive 

a b

c d

Fig. 3.4 Central chondrosarcoma, grade 3. 32-year-old male with an aggres-
sive osseous lesion of the sacrum. (a) Axial CT image shows an osseous 
lesion in the left sacrum and posterior iliac bone, with cartilaginous mineral-
ization and cortical destruction (arrow). (b), (c), and (d) Oblique coronal 
T1W, STIR, and contrast-enhanced T1W FS MR images of the sacrum show 
tumor extent, involving the adjacent osseous and soft tissue structures (white 
arrows). Signal characteristics are that of a cartilaginous lesion, hyperintense 
on STIR and with peripheral, lobular enhancement (black arrows)
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Fig. 3.5 Secondary periosteal chondrosarcoma: 20-year-old female with an 
enlarging humeral diaphyseal lesion. (a) AP radiograph of the humerus shows 
a cortically based, expansile diaphyseal lesion (arrow). Biopsy pathology 
showed features consistent with juxtacortical chondroma. (b) Coronal CT 
image obtained 12 years later demonstrates interval growth with the carti-
laginous calcified mass extending into the surrounding soft tissue (arrows). 
(c) and (d) Axial T1W and T2W FS MR images show a cartilaginous lesion 
arising from the cortex (arrows). These findings are consistent with periosteal 
chondrosarcoma, secondary from the original chondroma
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and specific distinguishing feature of a secondary chondrosarcoma 
[8]. Though transformed lesions will have increased tracer uptake 
on bone scintigraphy, they cannot be distinguished from benign 
osteochondromas with active osteochondral formation [7].

Enchondromas are the second most common benign chondral 
lesion of bone and can also transform into secondary chondrosarco-
mas [1, 9] (Fig. 3.6). Enchondromas most commonly occur in the 
bones of the hands but also within appendicular long bones and small 

a b

c

Fig. 3.6 Secondary chondrosarcoma, grade 2: 65-year-old male with history of 
an excised enchondroma of fifth proximal phalanx with a recurrent mass. (a) 
PA radiograph of the right hand shows an expansile lytic lesion of the fifth 
proximal phalanx with thinned surrounding cortex (arrow). (b) and (c) Coronal 
T1W and T2W FS MR images show a lobulated, expansile lesion with high T2 
signal extending through the cortex. Given history of an excised enchondroma 
and new cortical involvement, findings suggest secondary chondrosarcoma
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bones of the feet [9]. Like chondrosarcoma, the majority of enchon-
dromas of the long bones occur in the diaphysis or metaphysis [3]. 
Given their common locations and similar appearances, reliably dif-
ferentiating between a low-grade chondrosarcoma and an enchon-
droma may be challenging both with imaging and histology [10, 11].

There are several characteristic imaging features that can 
help distinguish chondrosarcomas from enchondromas. 
Chondrosarcomas are typically larger, with a mean size of 8 cm, 
compared to enchondromas, with a mean size of 5 cm [3]. Deep 
endosteal scalloping of greater than two thirds of the cortical thick-
ness suggests chondrosarcoma; however, extensive scalloping can 
also be seen in eccentrically located enchondromas [3, 12]. Bone 
scintigraphy has been reported to assist in differentiation, as 
enchondromas demonstrate homogeneous uptake similar or less 
than that of the anterior iliac crest, while tracer uptake of chondro-
sarcomas is greater and heterogeneous in appearance [3].

 Clear Cell Chondrosarcoma

Clear cell chondrosarcoma is a low-grade subtype and represents 
2% of all chondrosarcomas [1]. Histologically, it demonstrates 
abundant clear cytoplasm and a lobulated architecture [1, 13]. It 
presents in the third to fifth decades and affects males twice as 
frequently [1, 13]. Clear cell chondrosarcoma is most commonly 
an epiphyseal lesion of the long bones, occurring in the femur in 
up to 68% of cases, followed by the proximal humerus (23%) 
[13]. Clear cell chondrosarcoma uncommonly occurs in the flat 
bones of the axial skeleton [1, 13].

On radiographs, clear cell chondrosarcoma typically appears 
as a well-defined geographic epiphyseal lytic lesion that can 
extend to the metaphysis [1, 13] (Fig. 3.7). A sclerotic rim may be 
present in 20% of cases [1]. About one third of lesions demon-
strate typical chondroid matrix mineralization [1]. Lesions of the 
proximal humerus may appear mildly expansile and show indis-
tinct margination and pathologic fractures [13].

Clear cell chondrosarcoma on T1-weighted MR images dem-
onstrates heterogeneous low signal intensity. There may be areas 
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c d

Fig. 3.7 Clear cell chondrosarcoma: 49-year-old male with a proximal tibial 
lytic lesion. (a) AP radiograph of the knee shows a geographic lytic lesion of 
the proximal tibial epiphysis and metaphysis (arrow). (b) Coronal CT image 
shows cortical thinning. There is no significant matrix mineralization. (c) and 
(d) Coronal T1W and STIR MR images show a lobulated high STIR signal 
mass with peripheral small lobulations and without significant bone marrow 
edema. (e) Coronal contrast-enhanced T1W FS MR image shows intense 
enhancement and central necrosis (arrow)
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of T1 hyperintensity, representing intralesional hemorrhage [13]. 
On T2-weighted imaging, the lesions are heterogeneously bright 
with areas of intralesional cystic changes [13]. The enhancement 
pattern is typically heterogeneous [13]. There may be secondary 
aneurysmal bone cystic change [13].

 Periosteal Chondrosarcoma

Periosteal chondrosarcoma arises from the surface of the bone and 
represents up to 4% of all chondrosarcomas [1]. It presents in the 
second to fourth decades and has a slight male predominance [1]. 
About half of cases are located in the femur, commonly at the poste-
rior aspect of the distal femoral metaphysis or metadiaphysis [2, 14]. 
Periosteal chondrosarcoma less commonly occurs in the humerus 
(24%) and tibia (14%) and rarely in the pelvis, fibula, and rib [2].

Radiographs commonly depict a mass arising from the surface 
of the bone with characteristic chondroid matrix mineralization 
[14] (Fig. 3.5). Though thickening or thinning of the underlying 
cortex is commonly seen, periosteal chondrosarcoma does not 
demonstrate complete cortical destruction [14]. Periosteal 
 buttressing of the involved cortex can be present [15]. The tumor 
may demonstrate a calcified shell [14].

e

Fig. 3.7 (continued)
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On CT imaging, periosteal chondrosarcoma appears as a 
round- or oval-shaped mass adjacent to a thickened or thinned but 
intact cortex [14, 15] (Fig. 3.8). Chondroid matrix mineralization 
is typically well appreciated on CT, and the noncalcified portions 
of the tumor are of low attenuation [1].

Periosteal chondrosarcoma has the characteristic signal inten-
sity and internal architecture of a low-grade cartilaginous lesion 
on MRI.  It presents with low to intermediate heterogeneous 
T1  signal intensity and T2 hyperintense lobulations separated 
by  hypointense septae [1, 15]. Periosteal chondrosarcoma 
 demonstrates peripheral and septal enhancement on contrast-
enhanced imaging [15]. Intramedullary extension is rare [14].

 Mesenchymal Chondrosarcoma

Mesenchymal chondrosarcoma represents 2–13% of all chondro-
sarcomas [1]. It presents in the second to fourth decades and equally 
affects males and females [1, 16]. Mesenchymal  chondrosarcoma 

a b

c

Fig. 3.8 Periosteal chondrosarcoma: 35-year-old male with history of a left 
gluteal mass. (a) Axial CT image shows a large soft tissue mass with carti-
laginous mineralization arising from the iliac wing cortex (arrows). (b) and 
(c) Axial T1W and T2W FS MR images show a large, lobulated and septated 
cartilaginous mass (arrows) arising from the cortex of the iliac bone with 
otherwise normal underlying bone marrow
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can arise from bone or within soft tissue, with 25–70% originating 
from bone [1]. Unlike central chondrosarcoma, mesenchymal 
chondrosarcoma more commonly affects the axial skeleton. Up to 
30% of cases occur in the craniofacial region, specifically the max-
illa and mandible. Within the appendicular skeleton, the femur is 
most commonly affected, in 15–23% of cases [1].

Skeletal mesenchymal chondrosarcoma demonstrates aggres-
sive radiographic features, including ill-defined margins and 
moth-eaten or permeative bony destruction [1, 2] (Fig.  3.9). 
Two thirds of lesions demonstrate cartilaginous matrix mineral-
ization [1, 2]. On CT imaging, there may be foci of low attenua-
tion within the tumor that may represent internal necrosis [1].

Skeletal mesenchymal chondrosarcoma has low to intermedi-
ate T1 and intermediate T2 signal intensity on MRI [1]. A distin-
guishing feature from other chondrosarcomas is the enhancement 

a b

c d

Fig. 3.9 Skeletal mesenchymal chondrosarcoma: 48-year-old female with a 
right pelvic lesion. (a) AP radiograph of the right hip shows a subtle ill- 
defined lucency in the right parasymphyseal pubic bone with expansion 
(arrows). (b) Axial CT image shows a destructive lytic lesion with cartilagi-
nous mineralization (arrow). (c) and (d) T1W and T2W FS MR images show 
the lobulated, destructive pubic bone mass (arrows)
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pattern. Enhancement is diffuse, either homogeneous or heteroge-
neous, which is different from the typical septal and peripheral 
enhancement pattern of other chondrosarcomas [1] (Fig.  3.10). 
Unlike other subtypes, mesenchymal chondrosarcoma may also 
have serpentine vessel flow voids within the lesion [1].

Extraskeletal mesenchymal chondrosarcoma has been reported 
to occur within head and neck, including the orbits and meninges 
as well as the soft tissues of the lower extremity, specifically the 
thigh [1]. Imaging typically depicts a nonspecific soft tissue mass 
with variable patterns of internal calcifications [16–18] (Fig. 3.11). 

a b

c d

Fig. 3.10 Skeletal mesenchymal chondrosarcoma: 21-year-old female with 
a tibial mass. (a) and (b) Axial and coronal CT images show an aggressive 
juxtacortical lesion along the mid tibial shaft (arrows). (c) and (d) Axial T1W 
and contrast-enhanced T1W FS MR images show uniform enhancement of 
the lesion (arrow), a characteristic finding of mesenchymal chondrosarcoma

J. Lin et al.



67

a

c

e

d

b

Fig. 3.11 Extraskeletal mesenchymal chondrosarcoma: 32-year-old female 
with a mass of the left lower leg. (a) AP radiograph of the lower leg shows a 
soft tissue mass with amorphous calcification. (b) Axial CT image better 
characterizes the punctate and course calcifications within the anterior muscle 
compartment (arrows). The underlying tibia and fibula are normal. (c) Axial 
T2W MR image shows a heterogeneously hyperintense mass surrounding the 
fibula. (d) and (e) Axial T1W and contrast-enhanced T1W FS MR images 
show mildly heterogeneous but diffuse enhancement (arrows), a characteris-
tic finding of mesenchymal chondrosarcoma
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Noncalcified portions are isodense on CT imaging. These 
extraskeletal tumors generally show low T1 and high T2 signal 
intensity but are heterogeneous in appearance due to variable 
amounts of low signal matrix mineralization [17, 18]. A limited 
number of published cases with contrast-enhanced MR imaging 
depict diffuse heterogeneous enhancement [1, 18].

 Myxoid Chondrosarcoma

Myxoid chondrosarcoma is a rare intermediate-grade subtype of 
chondrosarcoma that occurs either within soft tissue or bone [1]. 
It is the most common extraskeletal chondrosarcoma and fre-
quently occurs within the soft tissues of the proximal extremities, 
particularly within the thigh [1]. The mean age for presentation is 
50 years, and there is a male predominance [1]. Myxoid chondro-
sarcoma of the bone is much less common. When occurring 
within the bone, the femur is most often affected [1].

Myxoid chondrosarcoma is composed of myxoid and gelati-
nous nodules separated by fibrous septae and often demonstrates 
intratumoral hemorrhage [19]. MR imaging features correlate 
with the histologic composition and architecture (Figs. 3.12 and 
3.13). Of extraskeletal myxoid chondrosarcoma, the intratumoral 
hemorrhage often results in a heterogeneous intermediate to high 
T1 signal intensity [19]. On T2-weighted images, these tumors 
are predominantly hyperintense, due to the high water content of 
the myxoid nodules [1, 19]. Enhancement pattern is peripheral 
and septal but can also appear heterogeneous [1, 19].

 Dedifferentiated Chondrosarcoma

Dedifferentiated chondrosarcoma is a subtype of chondrosarcoma 
with an associated high-grade non-cartilaginous component. It is 
theorized that a portion of the tumor undergoes anaplastic trans-
formation into a non-cartilaginous lesion [1, 20]. The high-grade 
non-cartilaginous component is osteosarcoma in 70% of cases, 
followed by fibrosarcoma [20].
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Fig. 3.12 Skeletal myxoid chondrosarcoma: 26-year-old female with a left 
proximal humeral lesion. (a) and (b) Sagittal and axial T1W; (c) and (d) cor-
onal and axial T2W FS MR images show an expansile lobulated mass causing 
cortical thinning (white arrows). The prominent T2 hyperintense signal is 
likely due to the high water content of the myxoid component (black arrows)
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Dedifferentiated chondrosarcoma represents up to 10% of all 
chondrosarcomas [1]. It presents in the fifth to seventh decades and 
occurs equally in males and females [1, 20]. The femur is the most 
common location, in up to 55% of cases, followed by the pelvis 
(23%) and humerus (10%) [20]. Almost all cases of dedifferenti-
ated chondrosarcoma occur within the medullary bone [1, 20].

The imaging appearance of dedifferentiated chondrosarcoma 
is variable, depending on the extent of the high-grade non- 
cartilaginous lesion [1]. An aggressive cartilaginous lesion with 
cortical destruction is frequently seen [20]. A majority of dedif-

a b

c

Fig. 3.13 Extraskeletal myxoid chondrosarcoma: 67-year-old male with a prox-
imal thigh mass. (a) and (b) Axial T1W and proton density FS MR images show 
a large intramuscular lobulated mass with multiple septations (white arrows). 
There is no involvement of the underlying femur. (c) Axial contrast-enhanced 
T1W FS MR image shows a peripheral and septal pattern of enhancement (black 
arrows). The MR signal characteristics are that of a cartilaginous lesion
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ferentiated chondrosarcomas show areas of chondroid matrix 
mineralization, reflecting the underlying cartilaginous component 
[20]. Pathologic fractures occur in about a third of cases [1, 20].

Tumor bimorphism is a key distinguishing feature of dediffer-
entiated chondrosarcoma. It is defined as a cartilaginous tumor 
with an associated region that shows non-cartilaginous features 
[20] (Fig. 3.14). Common appearances include a dominant lytic 
focus or soft tissue mass with little mineralization adjacent to or 

a b

c d

Fig. 3.14 Dedifferentiated chondrosarcoma with an osteosarcoma compo-
nent: 69-year-old male with worsening left thigh pain. (a) AP radiograph of 
the left femur shows an ill-defined mixed lytic and sclerotic expansile lesion 
with cortical thickening (white arrows). (b) and (c) Axial T1W and T2W FS 
MR images show an intramedullary cartilaginous mass (white arrows) with 
an associated soft tissue component (black arrows). (d) Sagittal contrast- 
enhanced T1W MR image shows peripheral enhancement of the intramedul-
lary cartilaginous component (white arrow) and uniform enhancement of the 
soft tissue mass (black arrows). The difference in enhancement patterns is 
suggestive of tumor bimorphism with a non-cartilaginous component
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within a chondral tumor [20, 21]. Portions of the tumor represent-
ing chondrosarcoma will demonstrate the characteristic cartilagi-
nous T2 hyperintensity, while non-cartilaginous components will 
have variable signal intensity. Contrast-enhanced imaging shows 
the typical cartilaginous septal and peripheral enhancement adja-
cent to a region of diffuse enhancement, representing the non- 
cartilaginous component [1].
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 Introduction

Chondrosarcoma is a malignant cartilage-forming tumor of bone. 
It represents a spectrum of disease defined by histologic confirma-
tion of a cartilaginous neoplasm in the correct clinical and radio-
graphic context. These tumors range from locally aggressive, 
low-grade cartilaginous tumors to highly malignant dedifferenti-
ated chondrosarcoma. Accurate diagnosis of these tumors, par-
ticularly low-grade lesions which can histologically resemble 
benign cartilaginous tumors, can be challenging and requires a 
combination of clinical, radiologic, and histologic findings.

Chondrosarcomas are classified as primary if they arise de 
novo from bone and secondary if they develop from the malignant 
transformation of a preexisting benign lesion. The most common 
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histopathologic type is termed “conventional,” a primary tumor 
that usually arises in the axillary or proximal appendicular skele-
ton within the medullary canal. Conventional chondrosarcoma is 
the second most common malignant bone tumor. In addition to 
the conventional type, there are rare variants of primary chondro-
sarcoma, including clear cell, juxtacortical, mesenchymal, and 
dedifferentiated chondrosarcoma [1].

Tumor location is increasingly recognized as an important 
prognostic factor. In 2020, the World Health Organization adopted 
the designation of “central atypical cartilaginous tumor” when 
referring to tumors of the appendicular skeleton (long and short 
tubular bones) and reserved the term “chondrosarcoma grade 1” 
for tumors involving the axial skeleton, including the pelvis, scap-
ula, and skull base [2]. The rationale underlying this nomencla-
ture is that low-grade cartilaginous tumors of the appendicular 
skeleton behave in a locally aggressive manner and do not metas-
tasize; in contrast, tumors of the axial skeleton have malignant 
potential and a worse prognosis. In contrast to other primary bone 
sarcomas such as osteosarcoma or Ewing sarcoma, chondrosarco-
mas are typically slowly progressing due the relative rarity of 
high-grade histology.

 Conventional Chondrosarcoma

Conventional chondrosarcoma of bone accounts for roughly 
85% of all chondrosarcomas and is characterized histologically 
by lobules of hyaline cartilage with variable degrees of cellular-
ity, myxoid changes, and calcification [3, 4]. Higher grade 
tumors may have minimal discernable cartilage and are difficult 
to distinguish from other high-grade sarcomas. The majority of 
conventional chondrosarcomas arise within the medullary canal 
and may be referred to as central chondrosarcomas [3]. A 
minority of primary chondrosarcomas occur as peripheral 
tumors (<1%) at the surface of bone without a preexisting 
lesion and are designated juxtacortical or periosteal chondro-
sarcoma [5, 6].
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 Clinical Presentation

Conventional chondrosarcomas have a predilection for the proxi-
mal appendicular and axial skeleton. It occurs most commonly in 
the proximal femur, ilium, proximal humerus, distal femur, and 
ribs. Conventional chondrosarcoma most commonly occurs in 
patients over 50 with peak incidence in the fifth to seventh decades 
of life. It occurs more commonly in males, with a 2 to 1 male 
preponderance [4, 7].

 Imaging Characteristics

Radiographs of cartilaginous lesions typically show characteristic 
changes often referred to as “popcorn” or “ringlet” calcifications 
in a pattern of “arcs and whorls.” Findings suggestive of malig-
nancy include cortical destruction, soft tissue extension, and per-
meative changes such as a “moth-eaten” pattern (Fig. 4.1) [4].

 Pathology, Treatment, and Prognosis

Histopathologic grade remains the best prognostic indicator for 
chondrosarcoma [8]. Most authors grade chondrosarcomas from 
grade I to III: low, intermediate, and high [8–11]. Dedifferentiated 
chondrosarcoma is a unique histological entity that portends a poor 
prognosis. When evaluating a cartilaginous bone tumor, the critical 
histologic feature is the presence of lobules of cartilage permeating 
through and entrapping native bone trabeculae. Other features, 
including increased cellularity and mitotic activity, may also be 
seen. However, even low-grade chondrosarcomas can show a cyto-
logic appearance nearly identical to benign hyaline cartilage 
(Figs. 4.2 and 4.3). Therefore, correlation with imaging studies is 
essential. Grade 3 chondrosarcomas demonstrate more unique his-
tologic findings, including increased cellularity, myxoid stroma, 
poorly differentiated spindle-cell morphology, and increased 
mitotic activity (Fig.  4.4). Approximately 90% of  conventional 
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chondrosarcomas are low- to intermediate-grade tumors [9]. Grade 
I lesions in the appendicular skeleton are considered to be locally 
aggressive without metastatic potential. In the axial skeleton, grade 
I lesions generally have a worse outcome, but individual prognosis 
is dependent on location [12, 13]. The mainstay of treatment is 
wide surgical resection. A 5-year survival for patients with grade I 
tumors is 89% compared to 57% for the combined group of 
patients with grade II and III lesions [4, 10]. Dedifferentiated 
chondrosarcoma has a reported 5-year survival of 18% [14].

 Secondary Chondrosarcoma

Secondary chondrosarcomas arise from preexisting cartilaginous 
lesions. The most common precursor lesion is an osteochon-
droma, from which 88% of all secondary chondrosarcomas arise 

a b

Fig. 4.1 Conventional chondrosarcoma. (a) Right humerus radiograph: Typ-
ical appearance of an intramedullary chondrosarcoma demonstrating endos-
teal scalloping, extraosseous extension, and internal chondroid matrix typified 
by a pattern of “arcs and whorls.” (b) Axial CT image of the upper pelvis: 
Typical CT appearance of a chondrosarcoma. The aggressive soft tissue mass 
involving the right iliac wing extends anteriorly into the pelvis and demon-
strates the “arcs and whorls” matrix typical of chondrosarcomas. Though 
clearly seen in this image, the matrix calcifications may be too subtle to be 
seen with conventional radiography making CT the modality of choice
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[15–20]. Secondary chondrosarcoma can also arise in Ollier dis-
ease (multiple enchondromas) and Maffucci syndrome (multiple 
enchondromas associated with soft tissue hemangioma) [20]. 
Other benign cartilaginous lesions that have been reported in case 
reports as precursor lesions for secondary chondrosarcoma 
include solitary enchondroma, synovial chondromatosis, and 
chondromyxoid fibroma [17, 21–23].

c

a b

Fig. 4.2 Chondrosarcoma, grade 1. (a) Gross examination shows a well- 
demarcated mass arising from the left chest wall. (b) Cut sections of the 
tumor show variegated cut surfaces ranging from a yellow and gelatinous to a 
chalky, white appearance. Scattered foci of hemorrhage are seen. (c) Histo-
logic sections show a lobulated proliferation of relatively bland hyaline carti-
lage permeating into and entrapping native bone, consistent with grade 1 
chondrosarcoma
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Histologically, secondary chondrosarcoma resembles primary 
conventional chondrosarcoma. In both, the entire tumor is com-
posed of cartilaginous tissue. However, there are important differ-
ences in both clinical presentation and behavior. Additionally, the 
development from a benign chondroid tumor may point to impor-
tant genetic differences between primary and secondary chondro-

Fig. 4.3 Enchondroma. Similar to Fig. 4.2c, sections from this enchondroma 
show lobules of mildly cellular hyaline cartilage. Radiographic correlation 
together with the histologic appearance is required to make this diagnosis

a b

Fig. 4.4 Chondrosarcoma, grade 3. (a) In contrast to Figs. 4.2c and 4.3, a 
low power view of sections from this grade 3 chondrosarcoma shows a more 
cellular proliferation with foci of necrosis. Spindled tumor cells condense at 
the periphery of the lobules. (b) Higher power view shows poorly differenti-
ated spindle cells set in a myxoid matrix. Mitotic activity is increased
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sarcomas. Therefore, despite histologic similarities between 
secondary and conventional chondrosarcoma, these two entities 
should be considered separately.

 Clinical Presentation

The most common presenting clinical symptom is pain with a pal-
pable mass [20]. New-onset pain and/or increasing size of a 
known osteochondroma (especially after skeletal maturity) raises 
the possibility of an enlarging cartilage cap and malignant trans-
formation. The mean age of patients presenting with secondary 
chondrosarcoma is 34 years, which is notably younger than those 
who develop the primary conventional type [15–19]. The most 
common site of involvement is the pelvis, followed by proximal 
femur, scapula, and proximal humerus.

 Imaging Characteristics

Imaging offers important clues in the diagnosis of secondary 
chondrosarcoma. On plain radiography, osteochondromas have 
clear bony borders, including along the subchondral bone beneath 
the cartilaginous cap. Malignant transformation of the cartilage 
cap in secondary chondrosarcomas may show surface irregularity 
and blurriness of the bone-cartilage interface reflecting the 
increased invasive nature of the lesion. Other radiographic mark-
ers that suggest malignant transformation include an osteochon-
droma larger than 5 cm, increase in size of an osteochondroma 
over time, and a cartilage cap >2 cm [20]. CT and MRI are impor-
tant in demonstrating malignant features, especially in character-
izing the features of the cartilage cap of osteochondromas. It is 
generally agreed upon that the malignant transformation occurs 
within the cartilage tissue of the cap and not the bony tissue that 
makes up the base or stalk of the osteochondroma. Plain radiogra-
phy alone may fail to show the size of the cartilage cap and can 
lead to a missed diagnosis. It should be noted that the often cited 
>2  cm thickness of the cartilage cap as a marker of malignant 
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transformation should be considered as an average and not an 
absolute criterion for diagnosis. A wide range of cap thickness for 
secondary chondrosarcomas has been reported in the literature, 
including a series of 107 patients with a mean thickness of 3.9 cm 
(range, 0.5–15.0 cm) [15]. For this reason, a qualitative assess-
ment in addition to a precise measurement of cap thickness is 
essential for an accurate diagnosis.

 Pathology

The diagnosis of secondary chondrosarcoma is confirmed through 
histologic evaluation of biopsy material in the correct radio-
graphic and clinical context. Grading is similar to primary chon-
drosarcomas and includes grades I–III.  As with primary 
conventional chondrosarcoma, distinguishing benign lesions from 
low-grade cartilage tumors can be very difficult and often requires 
clinical and imaging characteristics to make the diagnosis. 
Histologic analysis alone has been shown to have a high rate of 
inter- and intraobserver variability in diagnosis further highlight-
ing the importance of adjunct clinical and radiographic data [24]. 
The majority of secondary chondrosarcomas are low grade. In the 
largest case series reported in the literature, up to three fourths 
were grade I and nearly all the remainder grade II with only 1% of 
reported cases defined as grade III [15–20].

 Genetics and Mutations

The genetic basis for the development of benign cartilaginous 
lesions may help elucidate subsequent malignant degeneration. 
Approximately 15% of patients with osteochondromas present 
with multiple lesions characteristic of the autosomal dominant 
multiple hereditary exostosis (MHE) genetic disorder [25]. The 
risk of development of secondary peripheral chondrosarcoma is 
estimated at less than 1% for sporadic osteochondroma and 5% 
for MHE [26]. Biallelic inactivation of the EXT1 and EXT2 genes 
is observed in the majority of both inherited and sporadic cases of 

C. M. Hart et al.



85

osteochondroma [27, 28]. The EXT proteins are required for 
polymerization of heparan sulfate chains forming hyaline carti-
lage. Interestingly, the majority of cells in secondary peripheral 
chondrosarcoma that develop from osteochondromas (which are 
EXT-negative) have been shown to be EXT-positive [29]. It is 
hypothesized that EXT-negative cells in osteochondroma create 
an extracellular mutation-promoting environment which leads to 
the development of malignant chondrosarcoma in adjacent EXT- 
positive cells [25]. This pathway has not been fully characterized 
and is not currently a target for therapeutic intervention.

Enchondromas are benign cartilaginous neoplasms that 
develop within the medullary canal, unlike osteochondromas 
which develop on the periphery. Mutations in the isocitrate dehy-
drogenase (IDH) 1 and 2 genes are present in 85% of the 
enchondromatosis- associated disorders Ollier disease and 
Maffucci syndrome and 50% of solitary enchondromas [30]. The 
risk of transformation into secondary central chondrosarcoma is 
approximately 40% for Ollier disease and up to 53% in Maffucci 
syndrome [25, 31]. It has also been shown that IDH mutations are 
present in 52–59% of central chondrosarcomas as well as 57% of 
dedifferentiated chondrosarcomas. IDH inhibitors are currently 
being investigated as treatment for advanced chondrosarcoma 
[32, 33].

 Surveillance, Prognosis, and Treatment

There is little consensus regarding surveillance protocols for 
patients with benign cartilage tumors. Most authors agree that 
isolated enchondromas represent the lowest risk of malignant 
transformation and only require yearly radiographs in the 
absence of worsening pain or other symptoms [20]. Serial radio-
graphic examination is generally recommended for patients with 
MHE, Ollier disease, and Maffucci syndrome [34, 35]. Patients 
with large, isolated osteochondromas located centrally such as 
in the pelvis should also be considered to be at higher risk and 
therefore candidates for surveillance. For appendicular osteo-
chondromas without features concerning for transformation, 
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surveillance is often performed only in the setting of enlarging 
mass or new symptoms.

Treatment for secondary chondrosarcoma is wide surgical 
resection. Radiation and chemotherapy are not effective, and mar-
ginal resection has been shown to have a high rate of recurrence 
[18]. In general, the prognosis for secondary chondrosarcoma is 
very good, and these tumors rarely metastasize [36]. Overall sur-
vival at 5 years is approximately 90% [15, 16, 19].

 Rare Chondrosarcoma Subtypes

In addition to conventional chondrosarcoma, there are several rare 
subtypes accounting for between 10% and 15% of all chondrosar-
comas [3].

Dedifferentiated chondrosarcoma is characterized by a high- 
grade non-cartilaginous sarcoma immediately adjacent to a low- 
grade conventional chondrosarcoma. The average age of 
presentation is between 50 and 60 years. Imaging showing a car-
tilaginous component with an adjacent aggressive lytic lesion 
invading soft tissues is characteristic [4]. The prognosis is dis-
mal, with a 5-year overall survival of just 18% [37]. The rare 
genetic reports on dedifferentiated chondrosarcoma show that 
the two components share identical genetic mutations, with addi-
tional aberrations in the anaplastic portion [38]. This suggests 
that both portions are derived from a common precursor cell 
before diverging [3]. Wide surgical resection is the primary treat-
ment [3]. Chemotherapy may be considered and has been shown 
by some authors to be more effective than in low-grade chondro-
sarcoma [39].

Clear cell chondrosarcoma is a low-grade malignant tumor 
which derives its name from the clear and abundant cytoplasm 
seen on light microscopy (Fig. 4.5). The tumor accounts for 1–2% 
of all chondrosarcomas [4]. It affects males more often than 
females (2.6:1) and usually presents in the epiphysis of long 
bones, classically the femoral head. Metastases are rare but have 
been reported to occur up to 24  years following presentation, 
mandating the need for long-term follow-up [40]. A 5-year overall 
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survival has been reported at 62% [41]. Wide surgical resection is 
recommended.

Mesenchymal chondrosarcoma is a rare highly malignant 
tumor that arises in both bone and soft tissue. Peak incidence is 
in the second to third decades of life [42]. It can occur in both 
soft tissue and bone with a predilection for the axial skeleton, 
most commonly the craniofacial region, followed by the pelvis 
and vertebrae. Histologically, it is characterized by areas of 
well- differentiated hyaline cartilage mixed with undifferentiated 
small round blue cells [3]. By definition, it is considered a high-
grade tumor and is not graded on a case-by-case basis by histo-
logic features. A 5-year overall survival has been reported at 
37% [41]. Chemotherapy may be considered and has been 
shown by some authors to be more effective than in low-grade 
chondrosarcoma [39].

Periosteal (juxtacortical) chondrosarcoma accounts for less 
than 2% of all chondrosarcomas and occurs on the surface of the 
bone [4]. Peak incidence is in the third to fourth decade of life, 

Fig. 4.5 Clear cell chondrosarcoma. Sections show a cellular proliferation 
composed of tumor cells with abundant clear to slightly eosinophilic cyto-
plasm. The cells contain distinct cytoplasmic membranes with large, centrally 
placed nuclei. By definition, this tumor is classified as low grade
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and it commonly occurs in the metaphysis of long bones, espe-
cially the femur and humerus. Histologically, it is similar to con-
ventional chondrosarcoma, usually grade 1 or grade 2. Invasion of 
the underlying cortex or size greater than 5  cm is required for 
diagnosis [2]. Prognosis is excellent with 5-year overall survival 
of approximately 83% [43].
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Primary Soft Tissue 
Chondrosarcoma

Brooke Crawford

 Introduction

Chondrosarcoma is a primary bone tumor, with <1% occurrence 
of extraskeletal classic chondrosarcoma [27], unless there is a 
recurrence with soft tissue of a resection bed. Due to their histo-
pathologic appearance, however, there are two soft tissue sarco-
mas that have been named chondrosarcoma, although they are 
distinct genetically and behaviorally. In this chapter, we will 
explore specifics of these primary soft tissue “chondrosarcomas,” 
extraskeletal myxoid chondrosarcoma, and mesenchymal chon-
drosarcoma.

 Mesenchymal Chondrosarcoma

 History
Mesenchymal chondrosarcoma has the relatively unique quality 
of occurring as a primary soft tissue or bone tumor. It was origi-
nally described in 1959 by Lichtenstein and Bernstein as a pri-
mary bone tumor [2]. The first case of primary extraskeletal 
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mesenchymal chondrosarcoma was reported in 1964; data now 
varies widely on the proportion of soft tissue occurrence, ranging 
from 14% to 73% although no prognostic difference has been 
detected between soft tissue and bony locations [27].

 Epidemiology
Only 2–9% of chondrosarcomas are mesenchymal [27], with 
the extraskeletal tumors making up only 1% of all chondrosar-
comas [2]. The 10-year overall survival rate has a wide range in 
the literature, from 20% to 67% [27], with better prognosis seen 
in young patients with tumors in the head and neck region [2], 
and median event-free survival has been documented as 57 
months [32]. Most patients present in the second or third decade 
of life [20].

 Presentation and Diagnosis
Patients usually present with localized swelling, pain, and rarely a 
pathologic fracture [26]. Soft tissue masses that are deep to fascia, 
over 5 cm, and growing rapidly need imaging and biopsy before 
intervention [7]. MRI is the axial imaging modality typically used 
for a soft tissue mass, but CT scan can be considered as well.

For primary soft tissue mesenchymal chondrosarcoma tumors, 
CT imaging shows a well-circumscribed mass [2] with granular, 
ring-and-arc calcifications in approximately one third of cases 
[20]. These calcifications, when present, are very helpful in diag-
nosis as biopsy can have sampling error showing only the round 
cell component, leading to difficulty in accurately classifying the 
tissue [26] (Fig.  5.1). T1 magnetic resonance imaging of the 
tumor reveals isointensity with muscle and hypointensity com-
pared to fat, and T2 sequences show hyperintensity to muscle, 
heterogeneity and may have serpentine voids, correlating with a 
the vascular pattern seen on histology [20].

Biopsy is typically performed by image-guided core needle. 
Mesenchymal chondrosarcoma has a chondroprogenitor origin 
and displays a biphasic pattern [2, 20]. There are undifferentiated 
small round cells, which mimic other round cell sarcomas such as 
Ewing’s and exhibit a hemangiopericytomatous vascular prolif-
eration [2, 20]. The round cell component shows high cellularity, 
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foci of necrosis, and frequent mitoses [26]. These small round 
cells are interspersed with islands of well-differentiated hyaline 
cartilage [20], which may show calcification, ossification, and 
osteoid production [26]. When the biphasic pattern is present in 
the biopsy tissue, diagnosis is much more straightforward, 
although with needle biopsy it is possible the tissue will only rep-
resent the round cell component of the tumor, and in these cases 
further workup is required for accurate interpretation (Fig. 5.2).

Immunohistochemistry staining shows positive SOX9, a mas-
ter regulator of cartilage production [26], and S100, mostly within 
the chondrogenic islands [15]. The tumor demonstrates CD99 
positivity but is negative for FLI-1, which helps distinguish it 
from Ewing’s sarcoma [2]. INI-1 is retained in mesenchymal 
chondrosarcoma, ruling out INI-1 loss tumors from the differen-
tial such as atypical teratoid rhabdoid tumor in the central nervous 
system, epithelioid sarcoma, myoepithelial carcinoma, and 
extraskeletal myxoid chondrosarcoma [2].

Wang et al. used cytogenetics and molecular studies to recently 
show a novel and recurrent fusion, HEY1-NCOA2, in nearly 80% 
of mesenchymal chondrosarcoma tumors [2]. This fusion involves 
HEY1, a BHLH transcription factor with NCOA2, a transcrip-
tional domain of nuclear receptor coactivator 2 [11]. NCOA2 
fusions have also been described in spindle cell  rhabdomyosarcoma 

Fig. 5.1 A 49-year-old female with soft tissue mass in left upper gluteal 
region noticed after trauma. XR shows calcification in the corresponding 
location, and CT shows bony erosion, with accompanying soft tissue mass, 
ring, and arc calcifications consistent with cartilaginous lesion. Whether this 
was a primary bone tumor with soft tissue extension or soft tissue tumor with 
bony erosion is unknown
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(SRF-NCOA2 and TEAD1-NCOA2) [11]. Another novel fusion 
that has recently been described in extraskeletal mesenchymal 
chondrosarcoma tumors is the IRF2BP2 gene with the transcrip-
tion factor CDX1 [2, 20]. Both fusions may be useful in diagno-
sis, especially in biopsy specimens that do not contain the biphasic 
pattern. Also, IDH1 and 2 mutations are not detected in mesen-
chymal chondrosarcomas, distinguishing them from classic chon-
drosarcomas as IDH mutations are a hallmark of the latter [2].

In 2018, Folpe et al. noted that mesenchymal chondrosarcoma 
staining positive for MyoD1, myogenin, and desmin, especially in 
a biopsy where the biphasic pattern of cartilage interspersed in 
round blue cells was not demonstrated, was a diagnostic pitfall 
leading to misdiagnosis of rhabdomyoblastic tumors. They found 
that spindle cell/sclerosing rhabdomyosarcoma and mesenchymal 
chondrosarcoma that shows skeletal muscle differentiation are 
difficult to reliably distinguish and recommended clinical and 
morphologic clues to help with diagnosis: imaging studies that 

Fig. 5.2 H&E at 100× magnification showing a tumor composed of hyaline 
cartilage adjacent to a solid small blue round cell component with prominent 
vasculature
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show cartilaginous matrix in mesenchymal chondrosarcoma, epi-
thelioid rhabdomyoblasts in spindle cell/sclerosing rhabdomyo-
sarcoma, and demonstration of either the HEY1-NCOA2 (for 
mesenchymal chondrosarcoma) or MYOD1/PIKC34 (for rhabdo-
myosarcoma) mutations [15].

 Staging
Once the diagnosis is confirmed to be a malignant mesenchymal 
neoplasm, staging can begin. In soft tissue sarcomas, staging is 
often limited to chest imaging unless there is a predilection of the 
particular tumor type to metastasize to other areas. For example, 
if rhabdomyosarcoma is high on the differential, regional lymph 
nodes can be imaged for staging with a PET scan, or by expanding 
an MRI of the extremity. If PET scan is not planned, a bone scan 
could be considered for mesenchymal chondrosarcoma diagnosis 
to evaluate for a mixed presentation of bone and soft tissue. Frezza 
et al. examined 113 patients from several centers, with 95 patients 
presenting with localized disease. Metastases developed in 45 
(47%) of these patients, with 36% to lung alone, 27% to bone, and 
17% to multiple sites [2, 16]. Therefore, with a certain diagnosis 
of extraosseous mesenchymal chondrosarcoma, full axial imag-
ing of the soft tissue mass, a chest CT scan, and consideration of 
a bone scan would make up all of the staging studies needed to 
decide treatment.

As Ewing’s is also on the differential for mesenchymal chon-
drosarcoma, a bone marrow biopsy may also be done as part of 
staging if final diagnosis has not yet been confirmed as mesenchy-
mal chondrosarcoma.

 Treatment

Systemic Therapy
Because of the small round blue cell component and high cel-
lularity of mesenchymal chondrosarcoma, theoretically it 
should be more responsive to chemotherapy than conventional 
chondrosarcomas made up of slowly dividing cells. The evi-
dence to support this theory, however, is mixed. In the early 
1980s, it was shown that the high-grade, round cell component 
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of the tumor did respond better to chemotherapy (and radiation) 
[17]. Frezza’s study, a large, retrospective review, confirmed 
that chemotherapy decreased risk of recurrence and improved 
overall survival in patients with localized disease [16]. Xu 
et al., in 2015, reviewed 107 patients in 18 different studies and 
found no correlation between adriamycin-based chemotherapy 
and survival [33].

Despite the inconsistent results in the literature, there are some 
promising pathways being explored to increase the response of 
mesenchymal chondrosarcomas to systemic therapy. De Jong 
et al. have shown pro- and antiapoptotic proteins of the Bcl-2 fam-
ily promote chemotherapy resistance to doxorubicin. They cre-
ated a mesenchymal chondrosarcoma (+HEY1-NCOA2 positive) 
cell line that demonstrated high Bcl-2 expression and inhibited it 
with a BH3 mimetic, ABT-737 [11]. Alone, Bcl-2 inhibition did 
not affect the viability of the cells, but when doxorubicin was 
added, there was a synergistic induction of apoptosis and reduc-
tion in cell viability [11].

Trabectedin is an antitumor agent found in ascidian, marine 
filter feeders that are sac-like in appearance [29]. In 2016, Morioka 
et al. examined the efficacy of trabectedin against both mesenchy-
mal chondrosarcoma and extraskeletal myxoid chondrosarcoma 
in a randomized phase 2 trial, with the control group receiving 
best supportive care. Three mesenchymal chondrosarcoma 
patients were assigned to the treatment arm; at 22.7 months of 
follow-up, one of these patients showed partial response with 
tumor burden decreasing greater than 50%, and the others showed 
stable disease [23].

Radiation Therapy
Radiation treatment is a standard adjuvant in soft tissue sarcoma 
after literature has consistently shown rate reduction of local 
recurrence. Beane et  al. in 2014 showed a soft tissue sarcoma 
recurrence rate of 25% in 71 patients with surgery alone, com-
pared to a recurrence rate of 1.4% in another 71 patients who 
received surgery with radiation [3]. Interestingly, there is no con-
vincing evidence that radiation prolongs survival, although 
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 intuitively decreasing local recurrence would lead to prolonged 
disease-specific survival.

In extraskeletal mesenchymal chondrosarcoma, the role of 
radiation is not well defined, mostly because the largest studies 
are retrospective, multi-institutional database reviews, and indica-
tions, dose, and fractionation are not consistently recorded [2, 16]. 
Standard treatment for extraskeletal mesenchymal chondrosar-
coma is therefore wide surgical resection and chemotherapy [2], 
with radiation administration used at the discretion of the treating 
physician, tumor board, or institution.

Surgery
Wide surgical resection is the mainstay of most sarcoma treat-
ment, and soft tissue mesenchymal chondrosarcoma is no differ-
ent [8]. Frezza et al. showed R1 resection to be a significant risk 
for local recurrence; in five patients who developed localized 
recurrence, four were treated with surgery and were alive and 
disease-free at the time of the study completion – one had died 
after being treated with only palliative chemotherapy [16]. 
Surgery is less effective in metastatic patients at presentation: five 
of six patients in this group were treated with chemotherapy, pri-
mary resection, and metastasectomy but ultimately succumbed to 
their disease [16].

These findings align with the standard of care approach to all 
soft tissue sarcomas, in that isolated or oligometastatic disease is 
resected, as well as isolated localized recurrence. Daigeler et al. 
showed a 5-year, post-recurrence survival rate of 53% after wide 
resection of soft tissue local recurrence [9]. Surgery in diffusely 
metastatic disease is most often palliative in nature, and radiation 
can be considered instead for local control of certain lesions in a 
metastatic situation.

 Outcomes
Schneiderman et al. performed a Surveillance, Epidemiology, and 
End Results (SEER) database retrospective review on mesenchy-
mal chondrosarcoma, finding 205 patients for analysis, of which 
60% had extraskeletal tumors. Overall survival of the group was 
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51% and 43% for 5 and 10 years. Axial locations showed lower 
overall 5- and 10-year survival, 37% and 31%, respectively. 
Cranial location, in comparison, portended a 74% and 67% 5- and 
10-year survival, although better for younger patients than older. 
Appendicular tumors had a 50% and 39% 5- and 10-year survival. 
Bone metastasis and 1 cm increase in tumor size were found to be 
predictors of death from disease [27]. Although histologic grade 
and margin status have been found in other studies to be related to 
survival, neither were uniformly reported in the database.

In the retrospective review by Frezza et  al., chemotherapy 
administration was associated with a reduced risk of recurrence 
and death in patients with localized disease, with overall survival 
at 5 and 10 years reaching 84% and 80%, compared to overall 
survival in patients who didn’t receive chemotherapy at 5 and 
10 years at 73% and 46%. Approximately half of patients present-
ing with localized disease progressed to metastatic disease, usu-
ally to bone or lung [16]. Metastatic disease had an overall survival 
rate in this study of 3 years, with no apparent benefit with aggres-
sive multi-modality treatment, as only one of six patients treated 
with chemotherapy and resection of multiple sites remained alive 
at the end of this study [16].

 Extraskeletal Myxoid Chondrosarcoma

 History
Originally, Dr. Stewart in 1948 described a “chordoid tumor” due 
to a resemblance to chordoma and lack of chondroid differentia-
tion [32]. In 1953, Stout and Verner first reported on seven cases 
of extraskeletal myxoid chondrosarcoma [14]. As more were 
described in the literature, they were found to have a more favor-
able clinical course than primary bone chondrosarcomas, occur in 
a wide age range of 13–89 years old and more frequently in male 
patients, and localize to the extremities [14]. In 1972, Enzinger 
and Shiraki formally described extraskeletal myxoid chondrosar-
coma as a distinctive entity [28]. Histologically, the specimens 
appeared lobular with rare mitotic figures, and cells were arranged 
in small nests and were accompanied by myxoid ground  substance, 
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all of which “closely resembled those of chondroblastic tissue in 
early stages of cartilage development,” [14] which is how its name 
came to be. However, the World Health Organization classifies it 
under uncertain differentiation due to lack of cartilaginous dif-
ferentiation [18].

 Epidemiology
Age distribution has remained wide from the first published stud-
ies, with ages ranging from under 20 years old to 89 years old, but 
the majority occur in adults from 20 to 69 years [6], with mean 
ages from 46 to 57 years [12]. Male preponderance is consistent 
with early literature, and lower extremity site of tumor is approxi-
mately 58–75% of cases [6, 12]. The tumor is quite rare, only 
about 2.3% of soft tissue sarcomas [12].

 Presentation and Diagnosis
Typically, patients present with a slow-growing, deep, painless 
mass in the proximal extremity [22, 28]. Local pain and tender-
ness is less common but can occur in up to one third of patients 
[28]. Because of the deep level and slow growth, the duration 
before clinical presentation has a wide range, from 1 month to 
3 years [28].

Ultrasound imaging will show a circumscribed mass of low 
echogeneity [28]. Although they cannot further characterize the 
mass, plain X-rays can show a soft tissue shadow, especially if the 
tumor is large which is often the case. Kapoor et al., in a study of 
40 patients with extraskeletal myxoid sarcoma, showed an aver-
age tumor size of 9.3 cm. No tumors showed any calcifications 
and were lobular in nature with T1 showing isointensity to muscle 
and T2 showing hyperintensity to muscle with intralesional 
hypointense septa and peripheral and septal enhancement with 
contrast [18, 28] (Fig.  5.3). CT scan with enhancement shows 
slight hypodensity to muscle and may underestimate the tumor 
burden [18].

Grossly, primary tumors are well circumscribed within a pseu-
docapsule and lobulated [12, 28]. Classic extraskeletal myxoid 
chondrosarcomas show infrequent mitoses and a nodular archi-
tecture with uniform round to spindled cells forming 
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 interconnecting cords in a reticular pattern, widely separated by 
myxoid to chondromyxoid matrix which is consistent with expres-
sion of chondroitin sulfate [6, 12, 28] (Fig. 5.4). Intracytoplasmic 
vacuoles or eosinophilic cytoplasm is a prominent feature in most 
cases, and intralesional hemorrhage and necrosis often exist [12, 
28]. Cellular variants have little or are completely devoid of myx-
oid stroma in areas, are composed of large epithelioid cells with 

Fig. 5.3 Axial T1 and T2 FS MRI sequences showing muscle isointensity on 
T1. On T2, there is enhancement and a lobular appearance that is well encap-
sulated

Fig. 5.4 Extraskeletal myxoid sarcoma at 200× and 400×. Both show the 
characteristic cords and nests of tumor cells with hyperchromatic nuclei and 
moderate amounts of eosinophilic cytoplasm in a myxoid background
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prominent nucleoli, and have several mitotic figures [28]. A rhab-
doid variant also exists, which will be discussed further below 
[12].

Shao et al. did a study of 40 extraskeletal myxoid chondrosar-
coma patients to examine their clinicopathologic features. Their 
immunohistochemistry studies showed consistently positive 
vimentin [28]. Partial expression was noted in synaptophysin 
(36%), S-100 (29%), and epithelial membrane antigen (11%) 
[28]. In the cellular variants, Ki-67 staining was >30% compared 
to 5–10% in classic tumors [28]. Another study by Agaram et al. 
found over half of 14 cases that underwent immunohistochemis-
try staining showed negative S-100 and epithelial membrane anti-
gen. They also noted INI-1 was retained in 5 of 14 cases [1], 
indicating no particular stain or pattern is diagnostic of extraskel-
etal myxoid chondrosarcoma. In fact, the patterns are more con-
sistent with neural or neuroendocrine differentiation [10].

Genetic studies have identified four chromosome translocations 
that pathologically occur in extraskeletal myxoid chondrosarcoma 
[4], all involving the NR4A3 gene. In 75% of cases, NR4A3 on 
chromosome 9 is fused to EWSR1 on chromosome 22 [4, 10]. This 
translocation is associated with tumors that are low in cellularity, 
mitotic counts, and under 40% necrosis [1]. Another NR4A3 trans-
location, this time to TAF15 (TATA binding protein- associated 
factor 15) also on chromosome 22, accounts for approximately 
15% of extraskeletal myxoid chondrosarcomas; because the 
TAF15 gene and EWSR1 are homologous, the function of both 
these fusions is considered identical [4]; both fusions have been 
shown to be strong transcriptional activators [1]. NR4A3-TAF15 
fusions lead to tumors that are less common in the thigh, with 80% 
showing moderate to increased cellularity and atypia, increased 
mitotic activity, and tumor necrosis of 15–90% [1]. The final two 
translocations identified are NR4A3 with the fused gene transcrip-
tion factor 12 (TCF12) and the TRK-fused gene (TFG), both of 
which are also located on chromosome 22 [4].

 Staging
Staging for extraskeletal myxoid chondrosarcoma is similar to 
staging for any soft tissue sarcoma, in that the most common loca-
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tion for metastasis is pulmonary [10]. Axial imaging of the chest 
should therefore be performed at diagnosis and for surveillance, 
as there is a high rate of distant metastasis, up to 50% [10]. 
Imaging of the mass itself should clearly show the entire tumor as 
extracompartmental invasion has also recently been shown to cor-
relate with development of metastasis [22].

Kapoor et al. looked at 13 patients with extraskeletal myxoid 
chondrosarcoma, and 12 patients developed lung metastases, 3 
developed bone metastases, which were all lytic in nature, 2 each 
developed soft tissue metastases in abdominal/pelvic nodes, and 
one each developed mediastinal nodes and peritoneal metastases. 
PET/CT was performed for three patients, but each patient had 
different findings, one PET avid, one with mild tumor peripheral 
uptake, and one with no avidity [18]. Based on these findings, 
PET/CT should not be considered in staging but rather in avid 
disease may be used to survey an avid tumor or monitor treatment 
and progression.

 Treatment

Systemic Therapy
Localized soft tissue sarcomas in general are not treated systemi-
cally with the exception of certain histologic diagnoses. This is 
true of extraskeletal myxoid chondrosarcoma; isolated disease is 
treated with local treatment only, as described in subsequent sec-
tions below.

In patients presenting with or who subsequently develop meta-
static disease, however, local treatment is not enough for disease 
response. The standard chemotherapy for most sarcomatous can-
cers is anthracycline-based, and literature is mixed regarding its 
efficacy in extraskeletal myxoid sarcoma. McGory et al. reported 
two of six metastatic patients with response to multi-agent che-
motherapy in 2001; one had partial response and eventually suc-
cumbed to disease, and the other had complete response and had 
no disease at 6 years post-metastatic presentation [19]. In 2008, 
Memorial Sloan Kettering looked at their 21 patients treated with 
different regimens, many anthracycline-based, and found stable 
disease in 25% of cases, with duration of response >6  months 
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[13]. However, MD Anderson did a retrospective review in 1995, 
in which ten patients were treated with doxorubicin and dacarba-
zine regimens without any response [19]. Another series of four 
metastatic patients were treated with ifosfamide and showed no 
response [25].

Unfortunately, the rarity of this disease prevents large num-
bers, and many of the regimens in the larger series were not stan-
dard. In 2013, Stacchiotti et al. published the Italian Rare Cancer 
Network experience on 11 patients who had received 
anthracycline- based chemotherapy for progressing, advanced, 
and molecularly confirmed extraskeletal myxoid chondrosar-
coma [31]. Of their patients, 40% had partial response, and 30% 
had stable disease confirmed at 3  months after end treatment 
[31]. Median overall survival was 30 months, and median pro-
gression-free survival was 8 months, with half progression-free 
at 6 months [31]. They postulated that their better response rates 
were due to diagnostic criteria available to them that had not 
been available for the prior case series; specifically, they only 
looked at tumors with confirmed NR4A3 translocation-positive 
tumors [31].

This same group continued to investigate systemic therapies 
for metastatic extraskeletal myxoid chondrosarcomas, as resis-
tance to cytotoxic chemotherapy is common, and in 2014 pub-
lished their series on the activity of sunitinib in this tumor [30]. 
Ten patients were treated with the tyrosine-kinase inhibitor, and 
six had partial response, two had stable disease, and two pro-
gressed [30]. Responses were durable at 2 years, with no resis-
tance noted, and all were in patients who had the NR4A3-EWSR1 
translocation [30].

Radiation Therapy
Drilon et al. looked at 86 patients retrospectively from two refer-
ral centers and found, of the 76 patients presenting with localized 
disease, 22 (30%) had surgery with radiation. Patients receiving 
combined modality treatment tended toward high rates of both 
local and distant recurrences (41% for both) compared to surgery 
alone, which showed local and distant recurrence rates of 35% 
and 20%, respectively [13]. They concluded that patients with 
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more aggressive tumors had been selected for radiation combined 
with surgery [13].

Bishop et  al. at MD Anderson more recently evaluated their 
experience with 41 patients with localized disease treatment. 
Eighty percent received radiation with surgery, with a median 
dose of 50 Gy [5]. Five patients developed local recurrence, four 
of which did not have radiation treatment [5]. This corresponds to 
prior literature regarding all soft tissue sarcomas that suggests 
radiation is a good local control adjuvant. Although there has been 
no definitive evidence showing radiation improves overall sur-
vival in soft tissue sarcoma, in Bishop’s study, local recurrence 
was found to be associated with poorer distant metastatic disease- 
free survival in both univariate and multivariate analyses [5]. In 
this particular tumor type, neoadjuvant or adjuvant radiation 
should be given unless there are strong clinical reasons not to.

Surgery
Margin status, in the Bishop study, was not found to be associated 
with local recurrence or distant metastatic-free survival, despite 
six patients being classified as having margin positive or uncertain 
margin resections [5]. Yet another study by Minami examining the 
prognosis of extracompartmental invasion of extraskeletal myx-
oid chondrosarcoma showed no negative influence on overall sur-
vival based on margin status.

However, in the 2008 study by Drilon et  al., 43 patients in 
whom margin status data was available showed only 2 of 24 (8%) 
patients with R0 resection, 3 of 12 (25%) patients with R1 resec-
tion, and 5 of 7 (71%) patients with R2 resection experienced 
local recurrence. Meis-Kindblom et al., in a large review of 117 
cases, showed intralesional or marginal excisions of primary 
tumors lead to a higher incidence of local recurrence [21].

Surgical resection in soft tissue sarcoma should always attempt 
negative margin resection as a standard of care, and although 
 margin status in extraskeletal myxoid sarcoma has shown ques-
tionable prognostic value in some smaller studies, R0 resection 
remains the goal in localized disease treatment.
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 Outcomes
Unfortunately, extraskeletal myxoid chondrosarcoma has a high 
local and distant recurrence rate overall. Local recurrence rates 
range from 37% to 48% in many studies [10, 28], and distant met-
astatic progression is from 26% to 50% [10, 28]. Despite high 
recurrence rates, survival is actually quite good, with patients liv-
ing years after diagnosis and even after development of recur-
rence. Local recurrence-free survival at 5 and 10–20-years, for 
example, is >70% and >60% in 71 patients followed at Sloane 
Kettering over the course of 28 years [6]. The same study identi-
fied disease-specific survival at 5 years at 80%, 10 years at 65%, 
and 15 years at 55% [6]. Factors shown to influence prognosis 
include radiation in localized disease in one study [5], metastasis 
at presentation [22], and tumor size [5, 24].
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 Introduction

Chondrosarcomas represent a rare malignant primary bone tumor 
type that produces cartilage matrix. The estimated incidence of 
chondrosarcomas in all anatomic locations is 1  in 200,000 per 
year, with chondrosarcoma of the axial skeleton comprising only 
2–10% of these cases [1, 2]. Skull base lesions are relatively rarer 
than those of the spinal column. Chondrosarcoma of the axial 
skeleton arises with a mean age in the fifth decade of life, although 
the distribution of age is broad from 15 to 78  years [3, 4]. 
Chondrosarcoma of the axial skeleton includes tumors that arise 
from the skull base and vertebral column. After Ewing sarcoma, 
chondrosarcomas are the most common primary malignant spinal 
tumor. Skull base chondrosarcomas may originate near the spinal 
cord, cranial nerves, and inner ear – and can thus manifest with 
myelopathy, gait disturbances, and cranial nerve palsies. For skull 
base tumors, there is an approximate 1.2:1 ratio of females to 
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males [5, 6]; spinal tumors have a male predilection of nearly 
1.7:1 [4, 7]. In a review of 200 skull base chondrosarcomas, all 
arose about the clivus centered in the sphenoethmoid complex 
(6%), spheno-occiput (28%), and temporo-occipital junction 
(66%) [8]. Within the published literature of spinal column chon-
drosarcoma, anatomic distribution favors the thoracic and lumbar 
spine, with approximately 40% and 45%, respectively; the cervi-
cal and sacral spine proportion of cases are 15% and 1%, respec-
tively [2, 3, 7, 9]. Tumors originating from the spinal column may 
present with myelopathy, radiculopathy, and pain.

 Classification

The Enneking staging system has been primarily described for 
long bone tumors; however, the system has been applied to spinal 
tumors by some authors. It divides local malignant tumors into 
three stages (I, II, and III), each with a subclassification (A, B). 
This is based on an extensive preoperative workup that includes 
clinical features, imaging findings, and histologic features [10].

The classification of spinal chondrosarcoma can be based on 
location within the vertebra using the Weinstein, Boriani, Biagini 
(WBB) system, as with other primary spinal tumors. This classifi-
cation system is clinically relevant for surgical planning. The ver-
tebra is divided into 12 radiating zones numbered in a clockwise 
order as well as into five concentric layers from the paravertebral 
extraosseous compartments to the dura [11]. This classification 
system has been shown to have moderate interobserver reliability 
and excellent intra-observer reliability [12].

 Histology

Chondrosarcoma is hypothesized to develop from residual 
enchondral cartilage nests, which is associated with the three cen-
ters of ossification in the vertebra. Unlike other primary malignant 
spine tumors, chondrosarcoma is seen in the vertebral body (5%), 
posterior elements (40%), or both (45%) [13]. Histopathologically, 
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chondrosarcoma is divided into conventional and variant types. 
Conventional chondrosarcoma accounts for 85% of all chondro-
sarcoma as well as the overwhelming majority of chondrosar-
coma that arise in the spinal column. Conventional chondrosarcoma 
can be further subdivided into conventional central chondrosar-
coma (85%), which arises de novo within the bone. Conventional 
peripheral chondrosarcoma (15%) usually arises on the surface of 
the bone due to malignant transformation within a preexisting 
benign tumor cartilage cap; however, it can also arise within the 
bone from malignant transformation of enchondroma [14]. Both 
types extend beyond the cortex and often present with soft tissue 
components. Due to the higher incidence of osteochondroma in 
the posterior elements, secondary conventional chondrosarcoma 
is found more commonly in the posterior elements. Primary con-
ventional chondrosarcoma is found more commonly in the verte-
bral body, though extension to all columns is common.

Conventional chondrosarcoma – both primary and secondary – 
are histologically similar and recognized by the same three histo-
pathological grades. Grade I chondrosarcoma demonstrates 
abundant matrix composed of hyaline cartilage with low cellular-
ity, no pleomorphism, and very low metastatic potential although 
these may be locally aggressive (Fig. 6.1). Grade II chondrosar-
coma demonstrates some pleomorphism and increased cellularity 
and is metastatic in about 15% of cases [15]. Grade III chondro-
sarcoma tends to be extremely cellular, with mitotic figures and 
high pleomorphism; myxoid matrix often replaces hyaline matrix 
(Fig. 6.2). Metastasis is found in up to 70% of grade III chondro-
sarcoma. Changes to the World Health Organization Classification 
of Tumors of Soft Tissue and Bone in 2013 separated chondrosar-
coma into two distinct ICD codes based on prognosis; grade I was 
given the synonym “atypical cartilaginous tumor” and is distinct 
from grade II and grade III tumors [16].

Within the appendicular skeleton, histopathological grade is 
the most important factor in predicting chondrosarcoma behavior 
and prognosis, a feature due in large part to reliance of wide resec-
tion for successful treatment given the poor response of all 
 conventional chondrosarcoma types to radiation and chemother-
apy. While high-grade tumors also portend worse prognosis 
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Fig. 6.1 Low magnification of low-grade atypical cartilaginous tumor/chon-
drosarcoma (grade I). A permeative pattern of invasive tumor is seen with 
sheets and lobules of malignant cartilage replacing bone marrow. The tumor 
completely surrounds cancellous lamellar marrow bone fragments (H&E 
20×)
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within the axial skeleton, the challenge of attaining wide total 
resection within the spinal column often leads to dire prognosis 
even with lower grade tumors [17]. It is also notable that chondro-
sarcoma often displays a high degree of heterogeneity with grade 
I and grade III regions coexisting within the same tumor, making 
surgical planning (wide resection versus marginal resection) 
based on biopsy results alone challenging [18, 19].

Variant subtypes of chondrosarcoma account for the remaining 
15% of chondrosarcomas and include periosteal or juxtacortical, 
mesenchymal, clear cell, and dedifferentiated chondrosarcomas. 
These are much rarer than conventional chondrosarcoma. 
Periosteal or juxtacortical chondrosarcoma does not typically 
have a precursor lesion and is most commonly found in distal 
humerus/femur in patients in their fifth decade; despite the high 
grade in this subtype, prognosis is relatively good. Mesenchymal 

Fig. 6.2 High-grade chondrosarcoma (grade III). Pleomorphic anaplastic 
chondrocytes are seen with obvious mitotic activity (H&E 400×)
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chondrosarcoma is found in the axial skeleton most commonly in 
patients in their 50s and 60s. The mesenchymal subtype is typi-
cally high grade and portends a poor prognosis (Fig. 6.3). Clear 
cell chondrosarcoma is generally lower grade and most often 
presents in the femoral and humeral epiphyses. Dedifferentiated 
chondrosarcoma can develop from conventional chondrosarcoma 
and is most commonly found in the pelvis and femur (Fig. 6.4). 
These lesions are high grade and carry a poor prognosis. While 
the clear cell or dedifferentiated variants can occur at any age, 
peak incidence is between 30 and 60 years [20, 21]. The various 
characteristics of the chondrosarcoma subtypes are detailed 
(Table 6.1).

Fig. 6.3 Mesenchymal chondrosarcoma. Nodules of hyaline cartilage are 
seen juxtaposed with a very cellular small blue round cell component (H&E 
100×)
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Fig. 6.4 High magnification of the dedifferentiated chondrosarcoma. Sheets 
of epithelioid cells are seen with mineralized immature woven bone (osteoid) 
in the manner of osteosarcoma (H&E 200×)
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 Pathology

The molecular genetics of primary and secondary chondrosar-
coma vary despite shared histopathological features. Mutations in 
the EXT1 or EXT2 genes are associated with the formation of both 
isolated osteochondromas and multiple hereditary exostoses 
(MHE) [22]. These mutations are also seen secondary peripheral 
conventional chondrosarcoma; however, the potential for malig-
nant transformation is less than 1% in isolated osteochondromas 
and 5–10% in patients with MHE [23]. The exact mechanism of 
transformation is not clear; however, various signaling pathways, 
which are active under normal development (IHH, PTHLP, Wnt, 
TGF), are altered in secondary chondrosarcoma. Mutations in p53 
and pRb pathways are seen in secondary chondrosarcoma with 
increased expression associated with tumor grade and are thought 
to be the source of a secondary alteration responsible for transfor-
mation [24, 25].

Mutations in IDH1 and IDH2 genes are found in all enchon-
dromas as well as most primary central conventional chondrosar-
coma. Malignant transformation in solitary enchondroma is less 
than 1%, while those associated with the Ollier disease (IDH1) 
and Maffucci syndrome (IDH2) reach 50% [26]. Mutations in 
both genes produce higher levels of D2-hydroxyglutarate, causing 
multiple epigenetic changes in mesenchymal stem cells and pro-
moting chondrogenic differentiation. As in the mutations associ-
ated with secondary chondrosarcoma, mutations in IDH1 and 
IDH2 alone are thought to be insufficient for driving oncogenesis, 
and other alterations are assumed to be necessary.

 Imaging

Chondrosarcoma may appear as lucent, opaque, or heterogeneous 
on plain radiographs. Soft tissue extension outside of the bone 
may be visible, especially if calcification is present. Cross- 
sectional imaging should be obtained in order to differentiate 
chondrosarcoma from other spinal masses as well as to allow for 
surgical planning.
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Computed tomography (CT) demonstrates a typical pattern of 
peripheral calcification of matrix lobules, commonly referred to 
as “rings and arcs” (Fig. 6.5) [27]. On magnetic resonance (MR) 
images, chondrosarcoma typically shows low intensity on T1 and 
mixed low and high intensity on T2 and STIR sequences (Figs. 6.6 
and 6.7). Peripheral rim enhancement or fluid levels may be seen 
in gadolinium-enhanced, fat-suppressed T1 images [28]. CT 

Fig. 6.5 Axial CT of pelvic chondrosarcoma showing mass with typical 
“rings and arcs”

Fig. 6.6 Axial T1-weighted MRI of pelvis showing low-intensity lesion
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scans of the abdomen/pelvis and chest may be performed for stag-
ing purposes. Whole-body positron emission tomographic (PET) 
scans may also be obtained to evaluate for metastasis; however, 
this is not standard.

 Treatment

 Chemotherapy

The role of chemotherapy for chondrosarcoma is limited. 
Mesenchymal chondrosarcoma shows sensitivity to doxorubicin 
and cisplatin combination therapy, and adjuvant chemotherapy 
may confer a survival benefit in this subtype [29, 30]. Despite this 
sensitivity, mesenchymal chondrosarcoma carries a poor progno-
sis. Clinical benefit may be observed with doxorubicin and cispla-
tin in those with advanced dedifferentiated chondrosarcoma [31]. 
Periosteal/juxtacortical and clear cell chondrosarcoma are not 
particularly chemosensitive subtypes.

Chemotherapy is largely ineffective for conventional chon-
drosarcoma, which comprises the majority of all chondrosarco-

Fig. 6.7 Mixed low and high intensity on T2-weighted, fat-suppressed MRI 
of pelvis
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mas. Traditional cytotoxic chemotherapeutic agents that target 
actively dividing cells may not be effective against slow-grow-
ing chondrosarcoma cells with low cell turnover. The poor vas-
cularity and large amount of hyaline extracellular matrix limits 
the penetration of these agents [32]. Furthermore, chondrosar-
coma cells express high levels of the multiple drug resistance 
(MDR) 1 gene. This gene encodes P-glycoprotein, which is 
hypothesized to function as an adenosine triphosphate (ATP)-
powered efflux pump that actively removes chemotherapeutic 
agents from tumor cells [33]. Finally, aberrant expression of 
BCL-2 – an antiapoptotic protein – contributes to therapy resis-
tance of chondrosarcoma [34].

Given the necessity for treatment in widely metastatic disease 
as well as inoperable tumors, there has been considerable work in 
animal models in recent years to develop targeted therapeutics for 
chondrosarcoma. Potential targets include IHH signaling, PTHLH 
signaling, COX2, SRC pathway, apoptosis pathway, and PD-1 
expression [26, 35]. More work is required to realize the promise 
of targeted therapy and immune checkpoint blockade.

 Radiation

As chondrosarcoma is not a highly radiosensitive pathology, the 
role of radiation therapy is limited and is typically combined with 
surgical resection. Given the low-grade nature of chondrosarcoma 
without rapid cell turnover, radiation alone does not offer ade-
quate local control and is only used in unresectable tumors or for 
palliation. Neoadjuvant radiation for spinal chondrosarcoma is 
not typically employed, unlike with chordoma. Adjuvant radiation 
therapy is often employed after resection to lower local recur-
rence rates and increase overall survival. As is the case with che-
mosensitivity, mesenchymal chondrosarcoma is a subtype of 
chondrosarcoma that is particularly radiosensitive [36].

Delivering radiation to the spine is uniquely challenging, given 
the proximity of the target lesion to sensitive structures such as 
the spinal cord and traversing/exiting nerve roots. The maximum 
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tolerance of the spinal cord is approximately 45–50 Gray (Gy); 
however, chondrosarcomas require doses in excess of this toler-
ance. Particle therapy – such as proton- or photon-beam therapy – 
is able to sidestep this issue, as no exit dose is delivered beyond 
the target lesion with this radiation modality [36, 37]. While data 
regarding radiation to spinal chondrosarcoma remain limited, 
local control rates are higher in cohorts of patients with spinal 
chordoma or chondrosarcoma who undergo proton/photon 
 therapy than control groups [37, 38]. A recent systematic review 
observed a small benefit with the use of adjuvant radiation therapy 
in both intralesional and wide resection of spinal chondrosarco-
mas [39]. Radiation-related complications include sacral insuffi-
ciency fractures, sacral neuropathy, pleural effusion, and wound 
dehiscence [37, 38].

 Surgery

Due to the unreliable efficacy of chemotherapy or radiation therapy 
alone, surgical resection represents the mainstay of therapy for spi-
nal chondrosarcoma. En bloc resection refers to removal of the 
lesion in one piece, encased by a layer of healthy tissue. Wide en 
bloc excision with negative margins is considered the gold standard 
therapy for primary malignant tumors of the vertebral column, 
including chondrosarcoma. The single most important predictor of 
local recurrence is positive resection margin [2]. Negative margins 
are associated with decreased local recurrence rates, which in turn 
are directly associated with increased survival [40–44].

En bloc resection is more effective at achieving tumor-free 
margins than marginal excision or intralesional curettage. En 
bloc resection is associated with decreased rates of local recur-
rence, thereby improving survival [39, 45]. Long an established 
principle of appendicular musculoskeletal oncology, en bloc 
resection in the spinal column is particularly challenging due to 
the unique anatomic constraints of the spine. In order to obtain 
a margin of tissue around the tumor, resection of critical struc-
tures may be required (e.g., dura, pleura, nerve roots, vessels). 
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The difficulty of achieving negative margins in the spine had 
historically limited surgery to curettage and intralesional resec-
tion [40, 46].

In a cohort of 22 patients with spinal chondrosarcoma 
described by Boriani and colleagues, 100% of patients treated 
with intralesional curettage developed a local recurrence com-
pared; 80% of these patients died within a mean of 36 months. 
In contrast, 25% of patients treated with en bloc resection devel-
oped a local recurrence [2]. Similarly, Shives and colleagues 
showed that 100% of patients with intralesional excision had 
disease progression at a mean of 24.8 months [9]. Local recur-
rence is 12 times more likely in intralesional/marginal resection 
versus wide excision for spinal chondrosarcoma; notably, death 
was greater than five times more likely in the intralesional/mar-
ginal resection cohort [39].

En bloc resection of spinal chondrosarcoma was first described 
by Stener in 1971 [47]. Further work by multiple groups described 
multiple techniques for en bloc resection of spinal tumors through 
a single posterior approach, combined anterior-posterior 
approaches, and staged anterior-posterior approaches [46, 48–53]. 
Modern total en bloc spondylectomy is generally performed with 
intra-operative confirmation of negative margins by pathology.

There is significant morbidity associated with en bloc tech-
niques. Major risks associated with total en bloc spondylectomy 
include injury to major vessels, spinal cord/nerve root injury, con-
tamination of tumor cells, spinal instability, excessive bleeding, 
and death [44, 52–54]. While en bloc resection is superior to intra-
lesional/marginal excision for spinal chondrosarcoma with respect 
to limiting local recurrence and thereby improving overall sur-
vival, the high rate of morbidity associated with en bloc resections 
and potential functional impairment must be weighed against the 
survival implications of violating tumor in an intralesional or mar-
ginal excision. Extensive preoperative counseling with the patient 
with a discussion of long-term goals and expectations is recom-
mended [44]. Furthermore, multidisciplinary planning should be 
regularly performed with vascular surgery, plastic surgery, and/or 
thoracic surgery as necessary.
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 Patient Case

The patient is a 28-year-old female presenting with many years of 
mid-back pain and a few months of a small but noticeable mass 
over paraspinal thoracic area. She denies fevers, chills, recent 
weight loss, numbness/weakness, or bowel/bladder dysfunction. 
She has no pertinent past medical or surgical history. An MRI of 
the thoracic spine was obtained and showed an 8.8 × 6.3 × 7.4 cm 
mass extending into the T10 vertebral body and posterior  elements, 
right T10-T11 neural foramen, epidural space, paraspinal muscu-
lature, and pleura (Fig. 6.8). This mass causes severe spinal canal 
stenosis with mass effect on the spinal cord. A biopsy was obtained, 
which showed a low-grade conventional chondrosarcoma.

The patient underwent T10-T11 en bloc resection of tumor 
with partial T9 corpectomy, T9-T12 anterior interbody fusion, 
and T7-L2 posterior spinal instrumented fusion. Postoperative 
radiographs are shown (Fig. 6.9). The wound was closed with a 
bilateral paraspinal and left latissimus advancement flap. 
Estimated blood loss was 2500  mL.  Negative margins were 
obtained. Patient was doing well without evidence of local recur-
rence at last follow-up.

Fig. 6.8 Sagittal and axial T2-weighted MRI showing mass extending into 
the T10 vertebral body and posterior elements, right T10-T11 neural foramen, 
epidural space, paraspinal musculature, and pleura
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 Conclusion

Chondrosarcoma is the second most common primary malignant 
bone tumor of the axial skeleton. Of these, spinal chondrosarcoma 
is more common than skull base chondrosarcoma. Spinal chon-
drosarcoma most commonly occurs in the thoracic and lumbar 

Fig. 6.9 Postoperative radiographs after T10-T11 en bloc resection of tumor 
with partial T9 corpectomy, T9-T12 anterior interbody fusion, and T7-L2 
posterior spinal instrumented fusion
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spine. These tumors are associated with high morbidity and mor-
tality due to their close proximity to critical neurovascular 
 structures. Due to the limited efficacy of chemotherapy and radia-
tion therapy for the majority of spinal chondrosarcomas, en bloc 
resection with negative margins is the primary therapeutic modal-
ity. Wide resection is associated with high morbidity and should 
be performed at a high-volume center with a team that has consid-
erable experience in treating these tumors. A multidisciplinary 
approach with radiation oncology, medical oncology,  vascular/
thoracic surgery, plastic surgery, and the spinal oncology team is 
recommended.
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 Epidemiology

Chondrosarcoma is a cartilage-forming malignant tumor of bone 
and is the second most common primary bone sarcoma after 
osteosarcoma. It typically forms in the medullary cavity of bone 
and grows outward (conventional chondrosarcoma) but can also 
arise from a preexisting benign cartilage lesion such as an enchon-
droma or osteochondroma (secondary chondrosarcoma). The ana-
tomic distribution of these tumors favors the pelvis, the proximal 
appendicular skeleton, and the distal femur. Chondrosarcoma of 
the distal extremities is uncommon, and it is even more rarely 
found in the hands and feet. It is most commonly found in adults 
aged 40–60; patients younger than 25 are at significantly lower 
risk of developing a malignant cartilage tumor unless associated 
with syndromes of multiple cartilage lesions such as Ollier’s or 
Maffucci’s [1].

Most bone sarcomas – like osteosarcomas and Ewing sarco-
mas – are high grade and present with a correspondingly fulmi-
nant, rapidly progressive course. But this progression is less 
common in chondrosarcoma because the biologic spectrum it 
presents within is much broader. Chondrosarcoma histologic 
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grade is assigned 1–3 in a system based on nuclear size, hyper-
chromasia, cellularity, and mitotic count [2]. Accurately deter-
mining chondrosarcoma grade in practice proves to be very 
challenging and subject to high interobserver variability, but it is 
critical to disease management since grade is the most important 
prognostic predictor for postoperative disease recurrence or 
metastasis and is a significant predictor of survival [3]. Most treat-
ment teams can readily differentiate a benign cartilage lesion 
from a high-grade chondrosarcoma, but distinguishing an inter-
mediate (grade 2) lesion from a high-grade (grade 3) or, more 
critically, distinguishing a benign enchondroma from a low-grade 
(grade 1) chondrosarcoma is much more subtle. The terms atypi-
cal cartilaginous tumor and low-grade cartilage neoplasm have 
been introduced as a synonym to grade 1 chondrosarcoma to 
reflect the unique clinical behavior of grade 1 tumors, which are 
locally aggressive but carry essentially no risk of metastasis and 
have a correspondingly excellent prognosis with 5-year survival 
of 83–99%. A worse prognosis is associated with grade 2 and 3 
disease, which carry higher rates of metastasis (approximately 10 
and 70%, respectively) and lower 5-year survival rates of between 
60–70% and 30–50%, respectively [2].

 Histologic Subtypes

There are multiple chondrosarcoma variants known to exist 
including dedifferentiated, mesenchymal, secondary, and clear 
cell. A concerning feature of low-grade chondrosarcoma lesions 
is that they have the ability to dedifferentiate or undergo conver-
sion from a low- to a high-grade neoplasm. Dedifferentiated 
chondrosarcomas – comprising about 10% of malignant cartilage 
tumors  – are biologically aggressive and histologically demon-
strate two different components: one a well-differentiated carti-
lage lesion like an enchondroma or a grade 1 chondrosarcoma 
juxtaposed to a high-grade spindle cell lesion that can have fea-
tures of osteosarcoma, fibrosarcoma, or an undifferentiated 
 sarcoma [1]. This histologic change is typically accompanied by a 
clinical change with a notable increase in tumor size or increase in 
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pain. The outcomes of this tumor are poor, with reported 5-year 
survival rates ranging from 7% to 24%. Despite the dedifferenti-
ated component’s histologic similarity to more common primary 
bone sarcomas, there remains no consensus regarding the efficacy 
of adjuvant chemotherapy for this disease [4, 5].

Mesenchymal chondrosarcomas represent <2% of all malig-
nant cartilage tumors but are notable because of their aggressive 
nature and small round cell components on histology. These high- 
grade tumors affect younger patients on average than typical 
chondrosarcoma and carry a substantial risk of local recurrence 
after surgical treatment and distant metastasis. Up to 15% of 
patients can have lung or other bone metastases at presentation. 
The overall survival rate for patients with this diagnosis is ~50% 
at 5 years [6]. Gross total resection remains the standard treatment 
but given the poor prognosis and unique histologic features of this 
disease, some argue for adjuvant anthracycline-based chemother-
apy. Large European cooperatives and single institutional series 
have supported improved overall and progression-free survival in 
patients treated with chemotherapy (anthracycline plus alkylating 
agents) [7, 8]. A 2014 report out of MD Anderson also supported 
the use of radiation therapy to improve local control rates after 
surgical resection of mesenchymal chondrosarcoma [9]. Despite 
these reports, a recent large meta-analysis including 18 publica-
tions and 107 patients did not find the use of chemotherapy or 
radiation to be associated with improved overall or event-free sur-
vival [10]. Clearly, the use of adjuvant therapies is controversial in 
the management of mesenchymal chondrosarcoma but should be 
considered in medically fit patients.

Secondary chondrosarcomas are a distinct tumor that origi-
nates from a benign cartilaginous lesion. Most commonly, the 
precursor lesion is an osteochondroma, although secondary chon-
drosarcomas can arise from enchondromas, particularly as a 
sequalae of hereditary conditions like Ollier’s disease or 
Maffucci’s syndrome [1]. A sudden increase in size of an osteo-
chondroma’s cartilage cap  – particularly in a skeletally mature 
patient – should raise concern about secondary chondrosarcoma 
development, although an exact size cutoff has not been estab-
lished. Secondary chondrosarcomas do need to be distinguished 
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from dedifferentiated chondrosarcomas, but while the latter are 
high-grade lesions, the former are most often low to intermediate 
grade. As such, metastasis from secondary chondrosarcomas are 
rare, and the outcomes of these tumors are quite good with 5-year 
overall survival approaching 90%. Treatment is by wide surgical 
resection [11].

Finally, clear cell chondrosarcoma is an extremely rare variant 
of chondrosarcoma and is so named because of the vacant cell 
cytoplasm seen on light microscopy. This lesion is notable because 
it is one of the few epiphyseal-based tumors, commonly in the 
proximal femur. These tumors are low grade and have a good 
prognosis (80% 10-year survival) when treated adequately with 
wide resection. However, they have a propensity for local recur-
rence and late metastasis emphasizing the importance of appro-
priate local control and long-term surveillance [12].

 Diagnosis and Staging

 Initial Workup

The approach to a patient with suspected bone sarcoma from ini-
tial examination through histologic diagnosis is called staging and 
is composed of a medical history, physical examination, imaging 
studies, and, lastly, biopsy [13]. Although these steps are common 
themes throughout musculoskeletal oncology, the collaborative, 
multidisciplinary clinical-radiographic-histologic correlation is 
perhaps most important to the accurate diagnosis within chondro-
sarcoma.

The most common presenting symptom of patients with chon-
drosarcoma is pain. In a study by Marco et al., 60% of patients 
had pain at rest and another 20% endorsed vague regional pain 
[14]. Although a 20–30% of enchondromas can also be associated 
with pain, pain at night is particularly concerning for malignancy. 
It should be noted that a fraction of patients with chondrosarcoma 
can present without any pain at all. History taking should focus on 
the timing, duration, and intensity of symptoms, as well as the 
association with any other systemic signs of cancer such as fevers, 
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night sweats, and weight loss. Although a recent injury is com-
monly reported in patients who have musculoskeletal tumors, 
trauma does not rule out a sarcoma. A pathologic fracture can be 
the presenting sign of chondrosarcoma in up to 10% of patients, 
and any low-energy fracture should raise suspicion. A complete 
history will also note any personal or family history of cancer or 
cancer predisposition syndromes. Physical exam may identify 
long bone tenderness if cortical integrity is compromised, but a 
palpable mass will only be identified if the tumor has progressed 
through the cortex and periosteum [13].

 Imaging

After a thorough history and physical examination, the next step 
is radiographic evaluation of the involved extremity. It is very dif-
ficult to differentiate enchondromas from low-grade intramedul-
lary chondrosarcomas as they share many features. Enchondromas 
are classically diaphyseal or metaphyseal medullary lesions with 
a chondroid matrix containing “ring and arc” or “popcorn” calci-
fication patterns. On MRI, a clearly lobulated growth pattern is 
evident with T1-hypointense cartilage with bright foci of dis-
placed yellow marrow. The same hyaline cartilage is bright on T2 
images because of its high water content [15]. There are some 
imaging features, however, which when taken together can help 
identify a malignant cartilage lesion. First, larger lesions carry a 
greater risk of malignancy. In a comparative study by Murphey 
et  al. looking at 92 enchondromas and 95 chondrosarcomas, 
benign lesions averaged 5  cm in size, while malignant lesions 
averaged 8 cm [16]. For most authors, lesion size over 6 cm raises 
the index of suspicion for malignancy [17].

Advanced imaging is indicated to better evaluate symptomatic 
cartilage tumors. While some degree of endosteal scalloping and 
cortical expansion can be seen in both enchondroma and chondro-
sarcoma, Murphey et  al. found endosteal scalloping of greater 
than two-thirds of cortical thickness on an axial CT slice to be 
particularly discriminatory as 90% of chondrosarcomas exhibited 
this feature compared to only 10% of benign lesions. Endosteal 
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scalloping to any degree for greater than two-thirds the longitudi-
nal length of the lesion was also indicative of a malignant process. 
When the endosteal scalloping perforated the cortex, an odds ratio 
of 86 predicted chondrosarcoma over enchondroma and was even 
more dramatic in the presence of a soft tissue mass. However, an 
overt soft tissue mass is typically a sign of a high-grade process, 
and the difficultly differentiating this from a benign cartilage 
tumor is obviated. Periosteal reaction and cortical thickening 
were also observed more frequently in chondrosarcomas [16].

So, while standard MRI sequences are useful for delineating 
soft tissue extension of these typically intramedullary tumors and 
identifying other characteristics of high-grade malignancy, they 
are of limited value in differentiating enchondroma from intra-
medullary chondrosarcoma. Some authors have recommended 
using dynamic, contrast-enhanced MR modalities to aid in these 
subtle diagnoses, but such sequences are poorly sensitive [18]. 
Others have advocated for the use of bone scans in diagnosing 
cartilage tumors, but while high-grade lesions will demonstrate a 
high degree of activity, this modality is similarly limited in its 
ability to differentiate enchondroma and low-grade chondrosar-
coma [16]. Therefore, few centers will consistently employ 
contrast- enhanced MRI or bone scans in clinical practice for low- 
grade cartilage lesions.

Based on the abundance of literature on imaging findings of 
cartilage tumors, Parlier-Cuau proposed a means of classifying 
radiologic findings as aggressive, active, or quiescent to help 
guide clinicians as to when biopsy was indicated [17]. They spec-
ified aggressive criteria (suggestive of grade 2 or 3 chondrosar-
coma) that included pathologic fracture, periosteal reaction, 
permeative osteolysis, cortical destruction, and presence of a soft 
tissue mass. Any lesion with at least one aggressive feature should 
be biopsied, specifically in the area of the tumor that appeared 
most aggressive (if nonuniform). In the absence of aggressive 
radiologic features, then active features should be assessed and 
considered in the context of clinical pain. These active features 
included endosteal scalloping of more than two-thirds of the 
diaphyseal cortex or along more than two-thirds of lesion length, 
cortical thickening, cortical remodeling or enlargement of the 
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medullary canal, intense radiotracer uptake on bone scan, or early 
and exponential contrast enhancement on dynamic gadolinium- 
enhanced MRI. Lesions with two or more active features should 
be biopsied in the area of greatest activity as these could represent 
an area of low-grade chondrosarcoma. When only one active cri-
terion was identified on standard X-ray, CT scan, and standard 
MRI, then bone scan or dynamic contrast-enhanced MRI should 
be pursued. Additional active features would then lead to biopsy, 
but if no other active feature is identified, then the lesions are 
termed quiescent and radiographic surveillance at 3–6 months 
and then annually was recommended [17].

 Biopsy and Histology

Although clinical history and imaging characteristics can identify 
cartilage lesions in need of biopsy, they are themselves insuffi-
cient for determining tumor grade. Since histologic grade is the 
most important factor guiding surgical management and progno-
sis, accurate preoperative tumor grading is critical. This is rou-
tinely done via image-guided core needle biopsy. Unfortunately, 
there is a high rate of discordance between the histologic diagno-
sis obtained after preoperative core needle biopsy and the final 
surgical pathologic diagnosis after review of the entire specimen. 
Discordance in up to one-quarter of cases has been described with 
a majority of these discrepancies resulting from core needle 
biopsy under-grading the tumor [19, 20]. This phenomenon is 
likely due to tumor heterogeneity and sampling error. Although a 
lot of weight is placed on histology, it alone is a poor surrogate for 
biology, and the diagnostic inaccuracy inherent to pathologic 
specimen review may be even worse for axial lesions compared to 
appendicular samples.

All chondrosarcomas regardless of grade show malignant 
characteristics such as hypercellularity, mitoses, pleomorphism, 
binucleate lacunae, and cellular atypia [1]. Tumor grades 1–3 
progress subtly along a continuum with more numerous and 
severe versions of these features. Differentiating low- from high- 
grade tumors is straightforward. Grade 1 chondrosarcoma is 
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pauci-cellular with abundant hyaline cartilage matrix, while grade 
3 tumors are highly cellular within a mucomyxoid matrix exhibit-
ing bizarre mitoses [21]. Differentiating an enchondroma from a 
grade 1 chondrosarcoma histologically, conversely, is nearly 
impossible, although a hallmark of malignancy is cartilage cells 
that replace marrow fat entrapping lamellar bone [14].

The possibility of biopsy sampling errors and the interobserver 
variability inherent to histologic review of cartilage lesions is con-
cerning and emphasizes that even histology cannot be used inde-
pendent of clinical and imaging data when working up these 
tumors. Since conventional chondrosarcoma is resistant to both 
chemotherapy and radiation, accurate preoperative diagnosis crit-
ically informs the surgical management of this disease. The chal-
lenge to the treating surgeon is balancing surgical morbidity with 
the risk of local recurrence and the potential for metastatic dis-
ease.

 Chondrosarcoma Treatment

The treatment of chondrosarcoma can be as varied as its clinical, 
radiographic, and histologic presentation. However, because of its 
relative radio- and chemoresistance, surgery is a unifying factor. 
Once the decision to treat a cartilage lesion has been made, the 
surgeon will need to determine the type of surgical intervention. 
Enneking described the possible oncologic surgical margins and 
the plane of dissection that achieves them: an intralesional proce-
dure is a cytoreductive technique that grossly debulks the tumor 
typically through a cortical window and is performed within the 
tumor mass itself. It conceivably leaves microscopic (if not mac-
roscopic) disease behind. Intralesional margins can be extended 
by the use of mechanical and chemical adjuvants such as high- 
speed burr, phenol, liquid nitrogen, argon beam, or others. 
Alternatively, a marginal excision is a procedure performed to 
remove the tumor extracapsularly through the reactive zone of the 
tumor, possibly leaving microsatellites of disease behind. A wide 
 resection margin is performed when the tumor is removed with a 
cuff of normal tissue beyond the reactive zone. This should render 
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the resection bed tumor-free, though the definition of an adequate 
cuff of tissue remains ill-defined to this day. Finally, a radical 
resection, as originally described by Enneking  – in which the 
entire compartment of origin is removed along with the tumor – is 
not routinely performed in modern oncologic surgery [14, 22].

 Treatment of Grade 1 Disease

Once a grade 1 chondrosarcoma has been differentiated from an 
enchondroma as described above, there is no doubt that it should 
be treated. However, controversy remains over the optimal surgi-
cal treatment. Historically, all chondrosarcomas were treated with 
wide or radical resection requiring limb reconstruction, which 
resulted in oncologically effective disease control but at consider-
able functional disability. As understanding of the biology and 
behavior of grade 1 chondrosarcoma has evolved  – prompting 
some to omit the “sarcoma” designation all together in favor of 
“atypical cartilage tumors” – the most effective surgical interven-
tion has been debated. Though these tumors cause pain and are 
locally aggressive, they almost never metastasize. Thus, some 
favor a more limited, intralesional approach sparing adjacent 
joints.

It is clear that chondrosarcomas of different grades are quite 
different diseases and, thus, an adequate margin for the surgical 
treatment of one grade may not be the same as that needed to treat 
a different grade. Thus, the best studies designed to address treat-
ment controversies will restrict inclusion criteria by tumor grade. 
Mohler et  al. retrospectively reviewed 46 patients with either 
grade 1 chondrosarcoma or painful enchondromas in the long 
bones treated with intralesional curettage plus liquid nitrogen 
cryosurgery with average 4-year follow-up. Two patients had a 
local recurrence (4.3%) which was subsequently removed by 
wide excision. Those patients were then tumor-free as of 3 years 
postoperative. Mean MSTS scores were high at 27 [23].

Additional retrospective studies have been performed that 
compare intralesional curettage plus local adjuvants to wide local 
resection for grade 1 chondrosarcoma. Aaraons et al. reviewed 32 
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cases of grade 1 intracompartmental chondrosarcomas of the long 
bones comparing 15 resections with 17 intralesional procedures 
combined with differing adjuvants such as phenol, liquid nitro-
gen, or PMMA cement. One local recurrence occurred in each 
group for a 5-year recurrence-free survival estimate of 93% and 
94%, respectively. Neither recurrence transitioned grades, and 
there were no metastases. The mean MSTS scores were 29.5 ver-
sus 25.1  in favor of the intralesional cohort, and complications 
were observed more frequently after resection and reconstruction 
(7 of 15 patients) than with extended intralesional treatment (1 of 
17 patients) concluding that intralesional procedures were onco-
logically safe, had better functional outcomes, and decreased 
complication rates for these tumors [24].

Campanacci et al. reviewed 85 cases of central grade 1 chon-
drosarcoma. In 65 cases, intralesional curettage plus phenol adju-
vant was performed, while in 21 cases with more “aggressive 
radiological patterns” a wide resection was performed. 
Postsurgical complications were much higher in the resection 
group in which five patients did have to return to the operating 
room for management. There were two instances of local recur-
rence without metastasis, and although the intergroup difference 
was not statistically significant, both recurrences were in the 
intralesional cohort. One patient who did recur did so as a grade 2 
lesion. Additionally, it should be emphasized that even grade 1 
lesions can occur along a spectrum, and the authors choosing 
wide resection for lesions that had more concerning features such 
as bone enlargement, periosteal reaction, or presence of a soft tis-
sue mass adds ambiguity to their results, which should be inter-
preted with caution [25]. Leerapun et al. published a similar study 
conceptually that found no survival difference between an intral-
esional group and a wide resection group of grade 1 chondrosar-
coma, but, again, more radiographically aggressive lesions were 
treated with more extensive surgery [26].

Understanding the risk of local recurrence from these very dif-
ferent surgical procedures is important. Schwab et al. investigated 
whether local recurrence after treatment of grade 1 chondrosar-
coma negatively influenced survival [27]. They reviewed 164 
patients treated surgically for grade 1 chondrosarcoma of long 
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bones with median 9.5-year follow-up. Surgical treatment 
included all forms of procedures from intralesional to amputation. 
Twenty-one patients (13%) experienced a recurrence, and overall 
survival for patients with recurrence after primary treatment was 
worse than those without recurrence (10-year survival estimates 
of 79% versus 90%). Six patients in the study died from disease – 
all of these were in the recurrence group – and 4 of the 21 had 
progression of tumor grade upon recurrence. Local recurrence 
and tumor metastasis were factors independently associated with 
death (HR 10.8, p < 0.001). Of note, recurrences were noted up to 
9 years after the index procedure, emphasizing the need for pro-
longed follow-up in studies investigating surgical treatment out-
comes of this disease [27].

So, the literature is clearly mixed regarding the appropriate-
ness of intralesional treatment for grade 1 chondrosarcoma. In the 
absence of randomized studies comparing intralesional curettage 
plus adjuvant treatment to wide resection, multiple systematic 
reviews and meta-analyses have tried to amalgamate the retro-
spective data available [28–30]. In 2019, Dierselhuis et al. pub-
lished a systematic review out of the Cochrane Library comprised 
of retrospective comparative studies and case series on the treat-
ment of central low-grade chondrosarcoma of long bones. The 
primary outcome was recurrence-free survival, and the secondary 
outcomes included function as assessed by the MSTS score and 
incidence of complications. Eighteen studies were included 
although data abstraction could only be performed in 14. Meta- 
analysis of data from 238 participants across the seven compara-
tive studies demonstrated no difference in recurrence-free survival 
after intralesional treatment versus wide resection (risk ratio (RR) 
0.98, CI 0.92–1.04). This was graded as “low-certainty” evidence. 
MSTS scores were slightly better after intralesional surgery 
(mean 93% vs. 78%) with a mean difference of 12% (95% CI 
2.82–22.55, p < 0.001). Major complications across six studies 
(203 patients) were lower in the intralesional cohort (5  in 125 
cases) compared to the wide resection group (18 in 78 cases) with 
a RR = 0.23 (CI 0.10–0.55). In four patients (0.5% of total), local 
recurrence presented as a grade 2 or higher lesion. Two of these 
were treated with wide resection and were free of disease at final 
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follow-up, and two patients died from chondrosarcoma. Overall, 
there was a 96% recurrence-free survival after resection compared 
to a 94% recurrence-free survival after intralesional treatment 
after maximum follow-up of over 20 years. It must be noted that 
only evidence of low and very low certainty according to the 
GRADE system was available for inclusion in this review [31]. 
Thus, although event-free survival appears equivalent between 
intralesional treatment and wide resection, while favoring intral-
esional treatment for patient function and postoperative complica-
tions, these results should be interpreted with caution since such 
conclusions are based on low-quality evidence. Clearly, shared 
decision-making and the application of available data to individu-
alize patient care recommendations is paramount in the treatment 
of this disease.

 Treatment of High-Grade and Dedifferentiated 
Chondrosarcoma

Treatment of high-grade chondrosarcoma (grade 2 or 3 or dedif-
ferentiated) of the appendicular skeleton is much less controver-
sial, as these lesions require wide resection to achieve oncologically 
safe margins and ensure best possible patient survival [3]. Lee 
et al. reported on 227 patients managed with chondrosarcoma and 
followed for a mean of 6 years at a single institution from 1972 to 
1994 [32]. One hundred forty-one tumors were considered high 
grade, wherein 103 were grade 2 and 38 were grade 3, dedifferen-
tiated, or had components of each. Three patients were treated 
with amputation and the rest with wide resection. Of the 141 high- 
grade tumors, 15 patients underwent resection with intralesional 
margins and 19 had marginal margins because of anatomic con-
straints and patient preference to spare critical structures instead 
of undergoing an ablative procedure. The authors found that 
patients managed with wide margins had a significantly higher 
rate of survival than those managed with either an intralesional or 
marginal margin. All 19 patients managed with a marginal resec-
tion died of their disease during study follow-up. Predictors of 
metastasis and death with high-grade tumors included local recur-
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rence and higher tumor grade. Of note, adjuvant chemotherapy 
and/or radiotherapy did not help survival outcomes when it was 
used [32].

Grimer et al. orchestrated a multi-institutional study of the rare 
dedifferentiated subtype of chondrosarcoma, the survival from 
which is fairly dismal with median patient survival of 1.4 years 
[33]. Two hundred sixty-six patients with nonmetastatic disease 
were reviewed, 254 of which underwent surgery (73% achieved 
adequate wide margins, while 23% had inadequate marginal 
resections). The nonmetastatic cohort had 5-year survival of 28%, 
but inadequate margin was one of the factors predictive of death 
in their multivariate model (HR  =  0.55, 95% CI 0.37–0.82; 
p  = 0.003 for clear margins) [33]. Other studies have similarly 
confirmed the very high risk of local recurrence that exists when 
high-grade chondrosarcoma resection margins are inadequate and 
how that adversely affects patient survival [34].

But while the need for wide surgical resection should be con-
sidered standard for high-grade conventional and dedifferentiated 
chondrosarcoma, the role of adjuvant modalities is less clear. 
Miao et al. retrospectively reviewed their single institution cohort 
of 72 patients with dedifferentiated chondrosarcoma treated in the 
1990s and 2000s. Though median overall survival was just 
13.9  months (95% CI: 6.4–21.5  months) for the entire cohort, 
chemotherapy was associated with improved overall survival (HR 
0.23, 95% CI: 0.12–0.44, p = 0.002) and improved progression- 
free survival (HR 0.43, 95% CI: 0.24–0.77, p  =  0.005) [5]. 
Unfortunately, treatment regimens were highly heterogeneous. 
Conversely, in another single institution review of 123 patients, 
the percentage and specific histologic subtype of the dedifferenti-
ated component affected patient survival, but the use of neoadju-
vant or adjuvant chemotherapy did not. The median survival of 
patients treated with chemotherapy was 23  months (95% CI: 
12–34  months) versus 18  months (95% CI: 11–25  months) 
(p = 0.88) for those treated with surgery alone [4]. This ambiguity 
argues for multicentered trials on the use of chemotherapy as 
adjuvant treatment for dedifferentiated chondrosarcoma to meet 
larger patient accrual targets in order to help clarify this clinical 
controversy. Similarly, interest in adjuvant therapies has extended 
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beyond traditional cytotoxic chemotherapies. The small molecule 
inhibitors and immunotherapies that have become exciting fields 
of study in modern solid organ and hematopoietic oncology have 
also become of interest to sarcoma specialists, particularly for 
high-grade or unresectable disease. While some targeted therapies 
have demonstrated modest survival benefits in sarcoma, the 
results of trials with immunotherapies have been largely disap-
pointing to date [35–40]. Clearly, while ablative surgery remains 
the primary means by which to treat high-grade chondrosarcoma, 
more work needs to be done to provide patients with local and 
systemic control options when surgical resection is not curative.

 Treatment of Recurrent Chondrosarcoma

It is clear that an inadequate margin in the treatment of high-
grade chondrosarcoma carries a substantial risk of local recur-
rence and, with that, a risk in progression of tumor grade and/or 
tumor metastasis. Suggested management of locally recurrent 
chondrosarcoma is debated in the literature. Recurrent tumor 
either presents as the same histologic grade or, in a minority of 
patients, at a higher grade. If the recurrent tumor presents again 
as grade 1 chondrosarcoma and is identified early while entirely 
intramedullary, an argument can be made for treatment with 
another intralesional procedure [21]. However, recurrent dis-
ease – even if recurrently low grade – argues that the patient’s 
cancer is biologically aggressive, and recurrent low-grade tumors 
treated with an intralesional procedure are at a high rate of re-
recurrence [27]. Laitinen et  al. reported on 126 patients diag-
nosed with locally recurrent chondrosarcoma of the pelvis or 
limb. In patients without metastases prior to or at the time of 
local recurrence, significant factors affecting disease-specific 
survival after univariate analysis were grade of tumor and wide 
margins compared to marginal or intralesional margins. Although 
these associations did not achieve statistical significance in the 
multivariate model, this group still argued for wide margins in 
the treatment of locally recurrent chondrosarcoma and in the rare 
circumstances of multiply- recurrent disease. Understandably, 
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metastasis was a poor prognostic sign as 50% of patients died 
within 8 months of disseminated disease. Surgical treatment of 
the local recurrence among patients with metastasis at or prior to 
the recurrence did not improve their survival arguing against 
aggressive resections of recurrent disease in patients with metas-
tases [41]. Recommendation against aggressive surgery for 
patients with synchronous metastatic disease in favor of pallia-
tive options has been supported by other authors [42].

 Treatment of Appendicular Chondrosarcoma 
with Pathologic Fracture

The incidence of long bone pathologic fracture in patients with 
primary bone sarcoma is about 10% [43]. Fracture risk is related 
to the mechanical impact of bone destruction by the tumor, subse-
quent necrosis from neoadjuvant treatment, and even mechanical 
weakness from a biopsy procedure. In the past, the occurrence of 
pathologic fracture was a contraindication to limb salvage surgery 
because of the concern for tumor contamination of adjacent joints, 
nerves, vessels, and other soft tissues. Additionally, fracture was 
felt to increase the risk of metastasis because of microvascular 
damage and tumor seeding [43]. However, modern oncologic sur-
gery has begun to change the treatment paradigm. Twenty years 
ago, Scully et  al. studied pathologic fracture in osteosarcoma 
patients and found that although fracture portended a higher risk 
of local recurrence and death from disease compared to patients 
without pathologic fracture, limb salvage surgery could be per-
formed safely and without incurring additional oncologic risk to 
the patient [44]. Osteosarcoma, critically, can be very responsive 
to chemotherapy, which provides a framework for understanding 
how limb salvage can be possible in the face of fracture- 
contaminated compartments. Chondrosarcoma, on the other hand, 
does not have effective local or systemic adjuvant options, and 
thus limb salvage after pathologic fracture has been more contro-
versial.

First, Albergo et al. reported a retrospective case-control study 
on 182 patients with femoral chondrosarcoma treated at their 
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institution, 39 of which presented with a pathologic fracture. They 
analyzed cancer-specific survival, development of local recur-
rence, and metastasis over a mean nearly 10-year follow-up. 
Similar to the report by Scully, the pathologic fracture group had 
worse overall 5-year disease-specific survival (49% versus 75%, 
p = 0.0001). Interestingly, when the groups were stratified by his-
tologic grade, survival was significantly worse for grade 1 disease 
with pathologic fracture compared to grade 1 disease without 
fracture, but there was no difference in survival with or without 
associated pathologic fracture at higher chondrosarcoma grades. 
There was no association between fracture and the development 
of metastases [45]. These authors did not investigate the impact of 
local control options on outcome.

Chandrasekar et  al. performed a retrospective review of 72 
patients with nonosteogenic primary bone sarcomas of the proxi-
mal femur – all of whom had associated pathologic femur frac-
tures  – including 34 patients with chondrosarcoma [46]. This 
represented 29% of all proximal femoral chondrosarcoma patients 
treated at their referral hospital in a 30-year period. The authors 
assessed patient, tumor, and treatment factors in relation to patient 
survival, and local treatment options ranged from limb salvage 
with endoprosthetic reconstruction to amputation at the hip or 
hindquarter level. Interestingly, survival outcomes were dictated 
almost exclusively by tumor histology. The 5-year survival out-
come for fracture patients with Ewing sarcoma was 60%, for con-
ventional chondrosarcoma it was 57%, and for dedifferentiated 
chondrosarcoma it was 0%. This difference between dedifferenti-
ated chondrosarcoma and other histologies was statistically sig-
nificant. For the whole group, there was no difference in survival 
related to the timing of fracture, patient age, surgical margin, or 
limb salvage versus amputation. Local recurrence rate was 24%, 
and this also did not affect survival. The incidence of metastasis at 
diagnosis was 10/72 fracture patients, which represented an 
equivalent proportion to all patients treated for primary bone 
 sarcomas during the study period institutionally. The authors 
argued that pathologic fracture is not a contraindication to limb 
salvage as amputation does not provide a survival benefit [46].
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Similarly, Bramer et al. reviewed the influence of pathologic 
fracture on surgical management and outcomes of a large cohort 
of primary bone sarcomas that included 152 higher grade extrem-
ity chondrosarcomas. Thirteen patients presented with metastasis 
in the fracture group, which was not statistically significantly dif-
ferent than that in the non-fractured group (13% versus 7%, 
p = 0.3). One-third of the remaining 130 localized chondrosarco-
mas presented with a fracture, but there was no significant differ-
ence in  local recurrence rates between the patients selected for 
amputation and those treated with limb salvage (39% versus 20%, 
p = 0.28). Though overall survival in the fracture group was lower 
(35% at 10 years) than the controls (63%, p = 0.04), amputation 
provided no survival benefit. In fact, in multivariate analyses, only 
grade 3 and dedifferentiated tumor subtypes were predictive of 
survival [47].

Overall, although pathologic fracture is a sign of a biologically 
aggressive bone sarcoma carrying a higher risk of local recur-
rence and death from disease, limb salvage surgery does not 
appear to significantly impact these outcomes and, thus, is appro-
priate for local control if adequate tumor margins can be achieved 
around the tumor and fracture beds.

 Oncologic Reconstruction

The reconstruction options in the surgical treatment of cartilage 
tumors are as vast as the clinical spectrum of presentation is wide. 
We previously discussed that controversy exists as to the surgical 
management of low-grade (grade 1) chondrosarcoma, or atypical 
cartilage tumors, but intralesional curettage plus the use of local 
adjuvants such as phenol/ethanol, liquid nitrogen cryosurgery, 
argon beam, high-speed burr, or PMMA cement can be as effec-
tive as extralesional resection. After the resulting curettage cavity 
is filled either by cement or a bone graft, plate and screw internal 
fixation constructs can be added depending on the size of the 
lesion and amount of cortex removed in an attempt to decrease the 
postoperative fracture risk [14, 48, 49]. Intramedullary devices 
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are not recommended for stabilization as they increase the risk of 
spreading tumor cells within the bone and adjacent soft tissues.

The surgical treatment for high-grade primary bone malignan-
cies, historically, was limb amputation. The development of 
multi-agent neoadjuvant chemotherapeutic regimens effectively 
changed the prognosis of osteosarcoma and bought time for the 
fabrication of custom prostheses so that surgeons could save a 
patient’s limb during tumor resection [50–52]. Additional 
advances in surgical techniques and implants have made limb- 
sparing surgery the standard of care for extremity sarcomas since 
1990 without compromising oncologic outcomes [53, 54]. The 
rest of the section will provide an overview of reconstructive 
options when wide resection is employed to achieve an adequate 
tumor margin. In this instance, reconstruction options for chon-
drosarcoma are similar to those available after resection of other 
high-grade primary bone sarcomas and depend on the tumor loca-
tion within the long bone, its proximity to a joint surface, and 
patient factors such as age, overall health, and activity level. 
Adjuvant therapies such as radiation and chemotherapy – not typ-
ically indicated for chondrosarcoma except rare subtypes as noted 
previously – must also be considered in the reconstructive deci-
sions if they are to be employed in the adjuvant setting.

 Allograft and Allograft-Prosthetic Composite

Various methods have been described for reconstructing the large 
skeletal defect that can result from bone tumor resection including 
allograft – osteoarticular allografts, allograft-prosthetic compos-
ites, and intercalary allografts – allograft plus vascularized fibu-
las, and endoprostheses. Allografts theoretically offer the 
advantage of preserving bone stock, incorporate directly to host 
bone, and provide superior soft tissue attachments for periarticu-
lar reconstruction. However, allograft use also carries risks of 
degenerative joint disease (if osteoarticular), host-allograft junc-
tion nonunion, allograft fracture, and infectious disease 
 transmission [55–58]. Endoprostheses allow immediate weight 
bearing with either intercalary segment or joint reconstruction but 
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carry disadvantages of lifetime risks of infection, loosening, and 
component wear [59–61]. What is clear is that each reconstruction 
method has its inherent advantages and disadvantages without a 
clear superiority in terms of longevity, function, and revision.

Fox et al. published their large institutional experience on 137 
patients treated with fresh frozen proximal femoral allografts 
after bone tumor resection, 45 of which were for chondrosarcoma, 
with mean follow-up of 7.8+/−5.6  years (maximum 28  years). 
Their series included 38 osteoarticular allografts, 69 allograft- 
prosthetic composites, 22 intercalary allografts, and 8 allograft 
arthrodeses. Postoperatively, patients were kept non-weight bear-
ing for at least 2 months. If the eight patients with tumor recur-
rence were excluded, then 103 of 129 (80%) had an excellent or 
good outcome, meaning the patients were pain-free with no or 
moderate activity restriction. Twenty-one patients (16%) experi-
enced a non-tumor-related failure requiring allograft removal or 
amputation. Graft and complication type substantially impacted 
outcomes. Osteoarticular allografts and allograft arthrodeses had 
the lowest success rates of around 60% (23 of 38 and 5 of 8 suc-
cessful grafts, respectively). Allograft-prosthetic composites and 
intercalary allografts did much better with success rates of over 
80% each. There were 74 total complications in 54 patients. All 
15 patients who suffered infection experienced failure, while half 
of the 26 allograft fractures and 85% of the 20 nonunions were 
successfully salvaged. Of the 83 patients who did not experience 
a complication, the graft survival was over 90% [62].

Much of an allograft’s failings can be attributed to its lack of 
a blood supply. Rodolfo Capanna sought to address this critical 
issue by combining structural allograft shells used for metadi-
aphyseal tumor reconstruction with a centrally placed free vascu-
larized fibular graft (VFG) and first described his technique in 
1988 [63]. Dr. Capanna’s group went on to publish the largest 
series to date of VFG/allograft reconstructions for the femur in 
2018 [64]. Twenty-three patients who had undergone VFG/
allograft reconstruction of the femur were retrospectively 
reviewed at an average 141 months (24–313 months) follow-up. 
The mean MSTS score in 22 surviving patients was 94% (73–
100) at final follow-up. Partial weight bearing was allowed at 
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1  month, but full weight bearing without a brace was 1  year. 
There were eight major complications requiring seven reopera-
tions including five fractures (22%) and three nonunions (13%). 
Revision-free survival of the reconstructions with failure due to 
fracture or nonunion requiring surgery as the endpoints was 72% 
at 5 years; overall survival with graft removal or amputation as 
the endpoints was 94% at 15 years. There were no complications 
seen after 5  years from surgery implying that, provided the 
reconstruction heals, it is durable [64].

Whether or not the added complexity of the Capanna tech-
nique enhances allograft outcome is debatable as few studies have 
compared these reconstructions directly. Houdek et al. did retro-
spectively compare 11 intercalary allograft reconstructions with 
18 allograft/VFG reconstructions in a pediatric population from a 
single institution [65]. Reoperation to address a complication was 
needed in 86% of patients, and the most common indication for 
reoperation (delayed union requiring bone autograft) was no dif-
ferent between the two groups. However, there were only two 
deep infections and only three cases that required allograft 
removal for infection or fracture – these cases were in the non- 
supplemented cohort. The authors concluded based on their work 
that allograft supplementation with a vascularized fibula does 
reduce the risk of allograft failure.

 Free Fibula Grafts

Vascularized free fibular grafts alone without allograft are also an 
attractive means of reconstructing extremity defects after tumor 
resection because of the fibula’s length (up to 25 cm can be har-
vested from an average adult), cylindrical shape, predictable vas-
cular pedicle, and its ability to hypertrophy under load bearing. Its 
vascularized nature should also theoretically provide enhanced 
likelihood of union and infection resistance [66, 67]. The free 
fibula graft is particularly attractive for upper extremity recon-
structions that are placed under less mechanical stress compared 
to those of the femoral diaphysis. Chen et al. reported on 25 con-
secutive patients who underwent free fibula reconstruction after 
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limb-sparing tumor resection at Memorial Sloan Kettering 
between 1991 and 2002. Reconstructed areas included bones of 
the upper and lower extremities; six patients had chondrosarcoma. 
All flaps survived over the 3- to 117-month follow-up period, and 
full weight bearing was achieved at 12 months postoperatively. 
There were three instances of infection and three cases of non-
union, but each was addressed with either operative debridement 
or bone grafting, respectively, and all flaps were salvaged. 
Functional assessment was quite limited in this cohort due to dis-
ease progression in some and poor follow-up in others. The 
authors had MSTS scores on 14 patients, all of which were rated 
as “good” [68].

 Endoprosthetic Reconstruction

The use of allografts and vascularized fibulas fall under the 
umbrella category of biologic reconstructions, meant to augment 
host bone stock and provide a durable reconstruction after time if 
healing occurs. A separate category includes endoprosthetic 
reconstructions, which are modular metal and polyethylene 
implants designed to replace whole joints or intercalary limb seg-
ments capable of immediate fixation, patient mobilization, and 
functional recovery but which carry the concern of wear or infec-
tion failure over a prolonged period of time. These implants can 
be cemented into the medullary cavities of the recipient bone or 
“press-fit” without cement. A clear advantage of these reconstruc-
tive techniques is the immediate weight bearing that most endo-
prostheses allow a patient, and the fixation of cemented stems is 
not impacted by adjuvant treatment modalities, if employed.

However, the enhanced survivorship of modern cancer patients 
can challenge the longevity of endoprosthetic reconstructions; 
thus, long-term outcome studies of these implants are important. 
Henderson et al. wrote up a retrospective, multi-institution review 
of 2174 endoprostheses used for reconstruction after tumor resec-
tion over a 34-year period (1974 to 2008) investigating the most 
common reasons for failure. He identified and classified the five 
most common modes of failure: soft tissue failures (type 1), asep-
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tic loosening (type 2), structural failures (type 3), infection (type 
4), and tumor progression (type 5). They also performed a litera-
ture review based on a separate 4359 patients. Infection proved to 
be the most common mode of failure in the multi-institutional 
cohort, while aseptic loosening proved to be most commonly 
cited issue in the literature. Critically, both the mode of and time 
to failure depended heavily on the anatomic location of the recon-
struction. Soft tissue failures were more common around the 
shoulder and hip, while aseptic loosening was more common 
around hinged joints like the elbow and knee. The authors empha-
sized that outcome studies on endoprostheses should ideally be 
stratified by anatomic location to best understand specific failure 
risks. Also, of note, the overall failure rate of endoprostheses 
dropped significantly over the course of the study period [69]. It is 
reasonable to expect modern endoprostheses to again outperform 
those currently captured in long-term follow-up studies as refine-
ments have been made in everything from implant metallurgy to 
intraoperative cementation technique.

The very-long-term outcomes of these reconstructions are 
even more challenging to study in large numbers. Despite this 
challenge, Grimer et al. conducted a retrospective study on endo-
prosthetic replacements performed at their institution with at least 
25-year follow-up, comprising 230 patients (24 of which had 
chondrosarcoma). Only 18% of the original implants remained in 
place at this length of follow-up, but it should be noted that all 
patients were treated with what would now be called a first- 
generation endoprosthesis. Over this long study period, there 
were an additional 2.7 operations per patient  – although even 
smaller procedures like bushing changes were counted. The 
median time to a first revision was 5 years and, by 10 years, 67% 
of patients had required further surgery. The most common rea-
sons for reoperation were aseptic loosening (112 cases), structural 
implant failures (48 cases), and infection (25 cases). A notable 
issue is that the risk of infection persisted for the life of the pros-
thesis at 1% per year, and infection led to double the average reop-
eration rate for an infected patient. Despite this, overall limb 
salvage was high, and functional outcomes were largely excellent 
as judged by MSTS scores [70]. Other long-term outcome studies 
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have confirmed that despite a fairly high rate of revision surgery 
for endoprostheses, there is a very high rate of ultimate limb sal-
vage with correspondingly good functional scores [71, 72].

However, none of these studies have reviewed prosthetic sur-
vival by patients’ tumor stage, a major factor in providing prog-
nostic information to the individual patient. Bernthal et  al. 
retrospectively focused on a single anatomic location and reported 
survival of the implant and patient according to tumor stage in an 
effort to provide the clearest interpretation of relative longevity 
[73]. They included 86 cemented proximal femoral replacements 
used for tumor reconstruction from 1982 to 2008 at a single insti-
tution followed for 64  months (range 3–291  months). Primary 
diagnoses included 43 high-grade localized sarcomas (Enneking 
stage IIA/IIB), 20 low-grade tumors (IA/IB), and 23 with meta-
static disease (III). Only 5 of 86 patients required revision of the 
femoral component (5.8%). The 5-, 10-, and 20-year implant sur-
vivorships were 97%, 84%, and 56%, respectively. Among the 
causes for revision, there were three instances of aseptic loosen-
ing and one deep infection. For patients with low-grade disease, 
there was 100% survival at 20  years. The 5-, 10, and 20- year 
survival for patients with stage IIA/IIB disease were 54%, 50%, 
and 44%, respectively. No patients with stage III disease survived 
10  years. Thus, based on this work, well-performed cemented 
endoprosthetic reconstructions after tumor resection can be 
expected to outlive patients with metastatic disease, while patients 
with low-grade disease and long-term survivors of stage IIA/IIB 
disease should expect at least one revision procedure in their life-
time [73].

Since endoprostheses accrue increased rates of revision in the 
medium to long term, these long-term studies are particularly 
informative. However, it should be again emphasized that the 
quality of implants and their surgical techniques have evolved 
since many of these implants being studied over long intervals 
were first implanted. Schwartz et  al. have already shown that 
modular implants have performed better with longer survivorship 
than the historic standard of custom-fabricated implants [74]. 
While patient function is undoubtedly reliable with endoprosthet-
ics, it remains to be seen if their shortcomings can be further mit-
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igated by technological advancements in component design, wear 
characteristics, fixation methods, and infection resistance.

 Bone Transport and Distraction Osteogenesis

The ideal reconstruction technique after tumor resection would 
demonstrate biologic affinity with the host, have resistance to 
infection, have sufficient immediate biomechanical strength, 
demonstrate long-term durability, and preserve articular anatomy 
when possible. Given the limitations of allograft and endopros-
thetic reconstructions, alternative biologic solutions using bone 
transport and distraction osteogenesis are being considered to 
address challenges posed by improved patient survival and mod-
ern quality of life demands. The use of these techniques has been 
avoided by many surgeons because of infection concerns and 
uncertainty regarding the impact of neoadjuvant treatments on 
bone callus regenerates [75]. However, since chemotherapy and 
radiation are rarely indicated for chondrosarcoma, these tech-
niques are reasonable to consider. One of the first proof-of- 
concept studies on bone transport for bone defect reconstruction 
after tumor resection was published by Tsuchiya et al. [76]. They 
looked at 19 patients with osteosarcoma, chondrosarcoma, or 
giant cell tumor and found nearly all patients could achieve an 
excellent or good functional outcome on the Enneking scale. Ten 
minor complications occurred but only one instance of deep infec-
tion; limbs were salvaged in all cases [76]. This group has also 
published long-term functional outcome studies on a cohort of 22 
patients followed for a mean of 202  months. Final follow-up 
MSTS scores were 90%, and 14 of the 22 patients could play 
sports actively [77]. However, the up-front cost of these tech-
niques should be emphasized as, historically, patients have had to 
spend up to a year in an external fixator device. Technologies are 
similarly evolving in this space, though, that should shorten exter-
nal transport times. More studies are needed to determine if the 
initial challenges inherent to these biologic techniques are 
 outweighed by the longevity, function, and durability of the limb 
reconstructions [75].
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In summary, while it is important to understand the wide variety 
of reconstruction options available to orthopedic oncologists for 
use in any case, appendicular chondrosarcoma is notable in that all 
reconstruction methods detailed above can be reasonably indicated 
as the chemotherapy and radiotherapy protocols often cited as 
complicating factors affecting the outcomes of allograft, bone 
transport, and endoprostheses alike are rarely used. So, while 
osteosarcoma and Ewing sarcoma patients often comprise the bulk 
of patients in studies on limb salvage, treating patients with chon-
drosarcoma represents a unique opportunity for outcome studies to 
focus on factors inherent to the reconstructive method of choice.

 Chondrosarcoma of the Hand and Foot

 Chondrosarcoma of the Hand

Chondrosarcoma of the hands and feet presents its own chal-
lenges, specifically related to its diagnosis and surgical treatment, 
owed in part to its relative rarity (generally only around 5% of all 
chondrosarcomas will occur in the hands or feet). Most reports on 
chondrosarcoma of the hands and feet are found in small retro-
spective case series, from which conclusions must be drawn [78, 
79]. The difficulty in differentiating enchondroma from low-grade 
chondrosarcoma is well described, generally, but takes on added 
importance considering enchondroma is the most common bone 
tumor in the hands and feet [15]. It can be an even more vexing 
problem because of the propensity for enchondromas in the small 
tubular bones to display cytologic atypia [80]. Some authors have 
suggested that essential to the differentiation of malignancy are 
radiographic features of cortical destruction, permeative growth, 
and a soft tissue mass. Pain is also a common presenting symptom 
of malignancy, but this cannot be used to reliably differentiate 
chondrosarcoma in the hand from benign lesions [80, 81].

Though more challenging, the problem of diagnosis may be 
arguably less important in the hand because the biology of chon-
drosarcoma there appears to be unique. Del Pino reported on the 
treatment of 17 cases of grade 1 chondrosarcoma of the hands – 
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six of which were referral cases for local recurrence – with mini-
mum follow-up of 9  years. Nine patients were treated with 
intralesional curettage and grafting, and eight were treated with 
wide resection when finger function could not be salvaged because 
of local tissue compromise. There was a nonsignificant difference 
in local recurrence rates (22% versus 13% favoring wide resec-
tion), but, critically, there were no instances of metastasis or death 
from disease [82]. Similarly, Mittermayer et  al. reported on 13 
patients with low-grade disease of the hand, eight treated with 
curettage and grafting versus five treated with wide resection. 
There was only one instance of local recurrence after intralesional 
curettage. With a relapse rate of 12% and no distant metastasis 
noted for mean follow-up of almost 10  years (range 
26–293 months), the authors concluded intralesional curettage is 
the preferred treatment of low-grade chondrosarcoma of the hand 
allowing patients to preserve near-normal hand function [83].

Critically, similar results have been reported for higher grade 
chondrosarcoma in the hand. Patil et al. reported on 23 cases of 
phalangeal chondrosarcoma, all of which were grade 2 or 3 except 
one case. Curettage was performed in eight cases, and ray resec-
tion or amputation was performed for 15. Though five out of eight 
patients locally recurred after curettage during median 8-year fol-
low-up (range 2–19 years) – compared to 0 patients who had been 
treated with wide resection  – there were no cases of metastasis 
[84]. Additionally, Bovee et al. have confirmed that intralesional 
procedures performed for even high-grade chondrosarcoma of the 
phalanges do create a high rate of local recurrence but incur no risk 
of metastasis [85]. These authors have not found any deaths attrib-
utable to malignancy in their series, arguing that chondrosarcoma 
of the hands is a different disease with different biology than simi-
lar grade lesions in the more proximal  extremities.

 Chondrosarcoma of the Foot

Chondrosarcoma of the foot, conversely, does not adhere to the 
same set of rules as that in the hand. Again, gleaning robust data 
for patient prognosis and treatment decisions from the literature is 
challenging because of the rarity of these presentations. When 
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Toepfer et al. reviewed almost 7500 bone and soft tissue tumors, 
only 5% were tumors of the foot and ankle. Of these, 266 tumors 
involved the bone (64%), but only 35 tumors were malignant 
(13%). Of malignant bone tumors of the foot in adults, chondro-
sarcoma is the most common, representing half of all cases, but 
this is an incredibly small absolute number of patients [86]. 
Within the foot, these authors did find the hindfoot to be more 
commonly involved than the midfoot or forefoot, and this is help-
ful because enchondromas have rarely been found in the hindfoot. 
Other authors have similarly suggested that if a purely cartilagi-
nous lesion is found in the talus or calcaneus, it is much more 
likely to be a chondrosarcoma [80].

Yang et al. performed a retrospective 30-year review of malig-
nant bone tumors at a supraregional tumor referral center and 
identified 55 primary malignant tumors of the foot [87]. Given the 
population they serve, this came out to 0.12 cases of a primary 
osseous foot malignancy per one million people. Of their total, 25 
(or 46%) were chondrosarcoma, and this was the most common 
primary bone tumor in adults. In contrary to Toepfer et  al., the 
forefoot was more commonly involved. Interestingly, the average 
time to diagnosis of a malignant tumor was 1 year in the study 
cohort. Perhaps because of its more indolent course, chondrosar-
coma had an even longer duration of symptoms prior to diagnosis 
(median 104  weeks, range 52–156  weeks). Three low-grade 
tumors in the whole cohort were treated with intralesional curet-
tage, and the rest of the higher-grade tumors were treated with 
wide resection (this took the form of below knee amputation in 18 
patients). Despite this, six patients developed local recurrence and 
another seven developed metastasis. Eight of these patients with 
local or systemic disease recurrence died within the study period 
[87]. Patil et al. also noted that 3 out of 12 patients in their series 
experienced local recurrence after intralesional or wide resection 
of chondrosarcoma of the foot. All three of these patients went on 
to die of metastatic disease [88].

Thus, while chondrosarcoma of the hand appears to be bio-
logically unique and does not appear to commonly represent a 
systemic threat to the patient, chondrosarcoma of the foot can rep-
resent life-threating disease and needs to be treated accordingly. 
There is characteristically a long delay in diagnosis, particularly 
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for cartilage tumors in the foot. A long duration of symptoms 
should not be reassuring, and instead index of suspicion needs to 
remain high for malignancy. Though chondrosarcoma of the hand 
can reliably be treated with an intralesional procedure, the best 
mode of treatment for chondrosarcoma of the foot is controver-
sial. Only small series are available to inform this decision. Given 
the real risk of local and systemic disease recurrence, chondrosar-
coma of the foot is likely best treated with wide resection in the 
form of ray resection for forefoot disease and below knee amputa-
tion for tumors in the hindfoot.

 Conclusion

Chondrosarcoma is the most common primary bone sarcoma in 
adults. It presents along a continuum from indolent, minimally 
symptomatic disease to a rapidly progressive malignancy. This 
spectrum corresponds directly to tumor grade. Establishing the 
grade of any cartilage lesion requires the musculoskeletal oncolo-
gist to work in close concert with colleagues in pathology and 
radiology. Even then, clear tumor stratification may be elusive, 
but it is critical for guiding patient prognosis and treatment. 
Surgery remains the cornerstone of treatment as most subtypes 
are resistant to both chemotherapy and radiation. Once the deci-
sion to treat has been made, a surgeon has a range of tools at his 
or her disposal with which to reconstruct the bone defect from 
bone allograft to endoprosthetic implants to distraction osteogen-
esis. Each of these techniques has their advantages and disadvan-
tages, making individualized treatment decisions important to 
maximize the oncologic and functional outcomes of each patient.
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 Introduction

Chondrosarcoma of the hand was first described by Jaffe and 
Lichtenstein in 1943. Chondrosarcomas are typically found in the 
pelvis, femur, and humerus [1, 2], but their occurrence in the hand 
is rare [3–5]. However, chondrosarcoma is the most common pri-
mary bony malignancy found in the hand, accounting for 4–10% 
of all malignant tumors of the hand [5, 6]. In general, chondrosar-
comas are slow-growing tumors [7] that behave as locally aggres-
sive lesions in the hand, though metastasis is rare with a late onset 
[8].

Distinguishing between chondrosarcomas and enchondromas 
of the hand can be challenging [9, 10] due to the increased cellu-
larity of enchondromas in the hand [8] with similar clinical find-
ings as chondrosarcomas [8, 11]. Enchondromas are the most 
common primary bone tumor of the hand [12], with up to 54% of 
all enchondromas being found in the hand and wrist [13]. It is 
important to distinguish the difference between the two; 
 chondrosarcomas require more prompt and radical treatment as 
they are locally aggressive [8, 14].
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 Clinical Presentation

Pain and progressive swelling are common clinical signs 
reported in the literature [3, 6, 8, 9, 15, 16]. Fayad et al., in a 
study of 24 cases of chondrosarcoma in hands and feet, found 
the presence of a palpable mass to be the most common pre-
senting feature in 73% of patients, and 43% of patients reported 
pain [15]. Pain cannot be used to differentiate between chon-
drosarcomas and enchondromas, as patients with enchondro-
mas can also present with pain [17]. In Palmieri’s series of 18 
patients with chondrosarcoma of the hand, 72% reported pain, 
with a pathologic fracture causing the pain in 27% of patients 
[6]. A painful, enlarging osseous swelling should always make 
the clinician suspicious for chondrosarcoma [6, 18], especially 
in a patient older than 50 years of age [19]. Additionally, local 
pain or recurrence of mass after a removal of a benign chondral 
lesion should alert the clinician to the possibility of a chondro-
sarcoma [18]. There is no gender predilection for chondrosar-
coma [3, 5, 6, 9], and the average age of patients is older 
compared to patients with enchondroma of the digits [15, 20]. 
Chondrosarcoma of the hand is typically found in patients 
between the ages of 60 and 80; however, the age at diagnosis is 
often a few years after symptoms first appear [6]. Some patients 
present with long duration of symptoms, with some patients 
reporting 10–60 years of swelling before presenting for evalua-
tion [5, 19]. Roberts et al. found an average of 19 years of 
symptoms among older patients in their series, with one patient 
waiting as long as 72 years before presenting for treatment 
[19]. Therefore, long duration of symptoms should not preclude 
clinical suspicion of malignancy.

The proximal phalanx is the most common site for chondrosar-
coma found in the short tubular bones of the hand and feet [5, 6, 
9, 15, 17], with equal distribution over the five rays [5, 8]. A 
majority of the lesions originate endosteally near the site of  former 
epiphyseal growth plate [19], and most of the lesions are present 
centrally [6].
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 Imaging

Radiographic features are critical in the diagnosis of chondrosar-
coma, though radiographic distinction between chondrosarcoma 
and enchondroma can be challenging [17]. Both chondrosarcoma 
and enchondroma can display cortical expansion and calcification 
of cartilaginous matrix; however, cortical destruction and soft tis-
sue extension are features distinctive to chondrosarcoma (Fig. 8.1) 
[3, 9]. Chondrosarcomas have lytic areas of destruction that most 
often lack the well-defined margins typically seen in enchondro-
mas [3, 6]. A majority of the chondrosarcoma lesions have miner-
alized matrix with scattered punctate calcifications within the 
affected bone or in the related soft tissue tumor [3, 5, 6, 8, 15, 17]. 
In a review of 111 chondrosarcomas found in the feet and hands, 
endosteal erosion, cortical destruction, and expansion were 
observed in over 90%, and soft tissue expansion was present in 
80% of cases [17]. Both chondrosarcomas and enchondromas can 
present with pathologic fractures [3, 15].

Fig. 8.1 Radiograph demonstrating a lateral view of a chondrosarcoma of 
the middle phalanx. There is a destructive, lytic lesion with cortical disrup-
tion, consistent with chondrosarcoma
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Not all chondrosarcomas demonstrate radiographic features of 
malignancy [9, 21]. Cawte et al. compared 12 cases of chondro-
sarcomas found in the hands and feet to 12 cases of enchondro-
mas, also in the hands and feet, and found periosteal reaction, 
cortical destruction, and soft tissue extension to be radiographic 
features found only in the chondrosarcoma group [9]. It is inter-
esting to note that 3 of the 12 chondrosarcoma cases diagnosed as 
malignant with histology did not demonstrate any radiographic 
signs of malignancy. While radiographs can provide helpful infor-
mation on the malignant nature of the lesion, malignant features 
are not always present; therefore, close monitoring is indicated in 
cases where patients have clinical signs of possible malignancy, 
such as aggressive enlargement of the lesion.

 Advanced Imaging

On magnetic resonance image (MRI), chondrosarcomas have 
homogenous, iso- to low intensity signal on T1-weighted imaging 
and heterogeneous, high signal intensity with areas of low signal 
intensity on T2-weighted imaging [22–26]. With gadolinium con-
trast, the tumor has heterogeneous enhancement [23, 24] and can 
have enhancement of the peripheral area with high signal intensi-
ties in the cortex, suggesting bone permeation [22]. MRI is also 
useful in determining the presence and extent of associated soft 
tissue extension. Computed tomography (CT) can also be helpful 
in observing cortical destruction and cortical thickening, which is 
rarely seen in enchondromas [22, 23]. Technetium (Tc) bone 
scans show areas of increased uptake at sites of bone destruction 
or osteolytic lesions and in the extraskeletal tumor mass [26].

 Histology

Histological distinction between chondrosarcomas and enchon-
dromas of the hand can be difficult [10, 17, 20, 27], as enchondro-
mas in the hand demonstrate increased cellularity and more atypia 
when compared to other locations [10, 13, 26, 28]. Histological 
features that are indicative of malignancy include a high number 
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of binucleated cells, nuclear pleomorphism, irregular distribution, 
high cellularity, absence of encasement, presence of entrapment, 
cortical destruction, mucoid and myxoid changes, dual occupancy 
of lacunae, hyperchromasia, mitotic figures, and marrow perme-
ation [3, 8, 9]. Permeation with entrapment of bony trabeculae 
[11] and penetration of tumor through cortex into adjacent soft 
tissue [3, 20] are hallmark signs of malignancy. Tumor cell infil-
tration between bony trabecular is not seen in enchondromas [29].

Grading of chondrosarcomas is done using criteria described 
by Evans et al., which include cellularity, matrix characteristics, 
nuclear features, and number of mitoses [30]. However, Eefting 
et  al. found considerable histologic variation in the histologic 
assessment of cartilaginous tumors among 18 specialized pathol-
ogists, with the highest discordancy in the distinction between 
central Grade I chondrosarcomas and enchondromas [31]. Bovée 
et al. further argued that the grading by Evans is not useful for 
prognostic purposes in phalangeal chondrosarcoma because the 
metastatic rate is very low [8]. A cartilaginous tumor in the hand 
can demonstrate cellularity and variability that might be consid-
ered benign in the hand, but the same histologic appearance may 
be considered a low-grade chondrosarcoma in another location, 
such as the femur; therefore, it is important to take into account 
the overall behavior of the tumor [10]. In Ogose’s series of 163 
chondrosarcomas of the hands and feet, all Grade III tumors (n = 
3) demonstrated mitotic activity, whereas only 2 of 116 Grade I 
and III of 44 Grade II cases showed any mitotic activity [17]. 
Ostrowski et al. also only reported mitoses in Grade III lesions 
and in one recurrent Grade II lesion [20]. Chondrosarcomas can 
present with benign histology despite malignant radiologic fea-
tures, which may be attributed to limited biopsy specimens [17]. 
Therefore, a limited biopsy specimen, such as those obtained 
from fine needle aspiration (FNA), is of little value.

 Treatment and Outcomes

Treatment of low-grade chondrosarcomas in the hand is contro-
versial. In a series of 35 patients with phalangeal chondrosarco-
mas of the hands and feet, Bovée et al. noted recurrence in 10 out 
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of 15 tumors that underwent curettage or local resection with a 
mean interval of 39.3 months [8]. Of this cohort, four developed a 
second recurrence, and the one patient who did not undergo exten-
sive surgery for a second recurrence developed two more recur-
rences. In contrast, none of the 13 patients treated by extended 
therapy (amputation or radical exarticulation) developed a local 
recurrence. Further analysis by Bovée et al. with cases from their 
literature review found localization to the proximal phalanx to be 
associated with local recurrence, and local resection of the first 
ray was not associated with recurrence. Furthermore, histologic 
features, immunohistochemical parameters, and histologic grad-
ing were not found to be associated with local recurrence. The 
authors concluded that although local resection and location in the 
proximal phalanx is associated with recurrence, curettage with 
adequate follow-up is justified in the first instance given the excel-
lent survival data, especially in those cases where amputation 
would lead to a significant loss of function.

Ogose et al., in their series of chondrosarcomas of the hands 
and feet from the Mayo Clinic and consultations from outside 
institutions, reported recurrence in 10 out of 33 lesions found in 
the hand [17]. Patients who had curettage had higher rates of 
recurrence compared to patients who underwent amputation, 
although the breakdown of patients with lesions in the hand who 
underwent curettage and amputation was not provided in the 
paper [17]. The authors concluded that curettage leads to very 
high rate of recurrence, while amputation leads to a high rate of 
cure (although there was one patient who developed metastasis 
despite amputation). Patil et al. reported 23 cases of chondrosar-
comas of the hand in the Scottish Bone Tumor Registry from 1954 
to 1999; amputation was carried out in 15 cases without recur-
rence, and 5 out of 8 patients who underwent curettage or excision 
had local recurrence [5]. The median disease-free interval after 
curettage was 60 months (range 15–64 months). Given their find-
ings, amputation was their recommended treatment [5]. Figure 8.2 
demonstrates a female patient in her 50s who underwent ray 
amputation for chondrosarcoma of the index finger middle pha-
lanx.
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Dahlin et al. reported 30 chondrosarcomas in the hands and 
feet and found curettage or subtotal removal of lesions to be 
unsuccessful and recommended amputation of the digit, either 
with a complete ray or part of all of the hand or foot [3]. In 
cases with recurrence, the interval from treatment to first recur-
rence was less than 5 years in two-thirds of cases. Palmieri also 
recommended ray resection, noting that the resulting disability 
is slight [6]. Furthermore, if there is spread to the adjacent digit, 
excision of both digital rays is recommended [6]. Palmieri's 
recurrence rate was 11% in 18 patients with chondrosarcoma of 
the hand, one in a patient with juxtacortical chondrosarcoma 
excised without removal of the entire phalanx or digital ray at 6 
months, and one in a patient with multiple enchondromas when 
a second neoplasm occurred in a different enchondroma at 4 
years [6].

a b

c d

Fig. 8.2 (a and b) Preoperative clinical photos of a female in her 50s with 
chondrosarcoma of the index finger middle phalanx. (c and d) Same patient 
after index finger ray amputation
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González del Pino et  al. compared intralesional curettage to 
wide resection in 16 patients with 17 low-grade chondrosarcomas 
of the hand and found the incidence of recurrence to be the same 
in both groups [28]. The authors concluded that low-grade chon-
drosarcomas of the hand are locally aggressive with negligible 
systemic involvement, and intralesional treatment is adequate if 
hand function can be preserved and close follow-up can be main-
tained. Furthermore, wide excision with disarticulation of distal 
phalanges or digital amputation still plays a role in local control 
of disease with preserved function, particularly in patients who 
have marked involvement of the tendons or neurovascular bun-
dles, or severe deformity of adjacent joints [28]. Mittermayer 
et  al. also compared curettage and cancellous bone graft with 
wide resection of low-grade chondrosarcomas of the hand and 
had one recurrence out of eight patients in the curettage group and 
none in the wide resection group [32]. Mittermayer et  al. con-
cluded that intralesional resection is the preferred method of treat-
ment in low-grade chondrosarcoma of the hand to avoid major 
loss of function from amputation, reporting a low relapse rate and 
no metastatic disease in their series.

 Treatment to Preserve Function

Exner et al. reported a chondrosarcoma of the middle phalanx of 
the index finger in a professional flutist who had two previous 
curettage procedures and was treated with local excision and 
reconstruction with an osteocartilaginous allograft [33]. 
Temporary Kirschner wire fixation was placed through the proxi-
mal interphalangeal joint with fixation of the superficial flexor 
tendon with an anchor, along with reconstruction of the volar 
plate, collateral ligaments, and extensor hood. The patient was 
noted to have developed some Charcot-joint like destruction but 
was free of recurrence 3 years postoperatively.

Amputation can lead to significant functional deficits in chon-
drosarcomas of the thumb. Calvert et  al. reported the case of a 
66-year-old woman with a chondrosarcoma at the base of the 
thumb metacarpal of her dominant hand [34]. Complicating the 

K. Takamura and N. F. Jones



177

situation was that this patient had previously undergone amputa-
tion of her index finger, eliminating the possibility of polliciza-
tion. She underwent excision of the thumb metacarpal with bone 
graft from the ipsilateral ulna and Kirschner wire fixation. The 
patient had satisfactory hand function until her death from meta-
static bronchial carcinoma almost 5 years later. Miyake et al. also 
reported a patient who underwent wide excision of the thumb 
metacarpal and base of proximal phalanx (due to tumor invasion 
of the metacarpophalangeal joint) with reconstruction using iliac 
crest bone grafting and metacarpophalangeal joint fusion with 
good results [23]. Similar treatment was reported by Wirbel et al. 
where the thumb metacarpal was excised with reconstruction 
using iliac crest bone graft and fusion of both the metacarpopha-
langeal and carpometacarpal joints with good function and oppo-
sition of the thumb to all of the fingers [35].

Pathak et  al. described a low-grade chondrosarcoma of the 
dominant thumb metacarpal with soft tissue extension that under-
went a function sparing wide local excision with stabilization 
using a silicone block interposition arthroplasty between the tra-
pezium and proximal phalanx [36]. The silicone was replaced by 
an iliac crest bone graft with tension band wiring distally and 
plate fixation proximally a month later, which was complicated by 
infection requiring multiple debridements and eventual radial 
artery forearm flap. The patient was noted to be doing well, with 
an acceptable functional result and no recurrence or metastasis.

Other case reports have described ray amputations of the 
thumb [21, 37, 38]. A 41-year-old female with Grade II chondro-
sarcoma of her thumb proximal phalanx underwent disarticula-
tion at the carpometacarpal joint [38]. Almost 6 years later, she 
developed multiple subcutaneous tumors on the abdominal and 
chest walls and the frontal scalp and metastatic deposits in both 
lungs. Biopsies were consistent with Grade III chondrosarcoma, 
and the patient expired 2 months later. A 67-year-old male with 
chondrosarcoma of the thumb metacarpal base was treated with 
radical amputation of the thumb and index finger metacarpals, tra-
pezium, trapezoid, and the distal half of the scaphoid [39]. The 
patient was noted to be free of recurrence and metastasis at 8 
years but died of unrelated causes. An 85-year-old female with 
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chondrosarcoma of her right thumb metacarpal was treated with a 
ray amputation but developed a recurrence 3 months later and 
underwent below-elbow amputation [21]. While it seems reason-
able to attempt wide excision with reconstruction in order to pre-
serve function of the thumb, careful surveillance is necessary to 
detect recurrences, and patients should be appropriately coun-
seled.

 Juxtacortical (Periosteal) or Extraosseous 
Chondrosarcoma

Juxtacortical chondrosarcoma, a rare variant of chondrosarcoma 
arising from the connective tissue in the periosteum, has been 
reported in the hand [6, 32, 40, 41]. These lesions present as a 
large soft tissue mass with distinct calcifications attached to the 
bone with cortical thickening at the site of origin [32]. Stackhouse 
et al. described a case of an extraosseous chondrosarcoma between 
the trapezium and second metacarpal with bony erosion of the 
radial base of the second metacarpal [42]. The patient was treated 
with en bloc resection with iliac crest bone graft and Kirschner 
wire fixation and was noted to be doing well at 12 months post 
operatively. Wu et al. reported a juxtacortical chondrosarcoma of 
the proximal phalanx of the thumb, which was treated with curet-
tage but recurred 7 months later and underwent amputation [41].

 Metastasis

The reported rate of metastasis in phalangeal chondrosarcoma is 
extremely low [8]. Reports of pulmonary and cutaneous metasta-
sis from chondrosarcoma of the hand have been described [4, 21, 
38, 43–45]. In Bovée et al.’s series of 35 patients with chondrosar-
coma of the phalanx in the hands and feet from the Netherlands 
Committee on Bone Tumors, none of their patients developed 
metastasis or expired from tumor-related disease. When their data 
was combined with those from their literature review (n = 112), 
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only two patients (1.8%) developed metastasis at a median fol-
low- up of 4.5 years. In the series of chondrosarcomas in the hands 
and feet reported by Ogose et al., 3 patients out of 33 chondrosar-
comas of the hand developed metastasis [17]. Their study found 
Grade II chondrosarcomas to have a higher incidence of metasta-
sis compared to Grade I chondrosarcomas, and grading may pro-
vide some information of prognosis. Palmieri did not report any 
metastasis in 18 chondrosarcomas of the hand [6], and similarly 
Patil et al. did not report any metastasis in 23 chondrosarcomas 
from the Scottish Bone Tumor Registry [5]. Mankin argued that 
chondrosarcoma of the hand is a different entity compared to 
chondrosarcomas in other locations, given its infrequency of 
metastasis and death, speculating that it may be due to difference 
in genetics, influence of size or mechanism of metastasis being 
deficient, or the lower temperature of extremities [14].

 Maffucci’s and Ollier’s Disease

Ollier’s disease was first described by Ollier in 1899 and is char-
acterized by multiple enchondromas with asymmetric distribu-
tion that are variable in size, location, and number (Fig. 8.3) [46]. 
Maffucci’s syndrome is characterized by multiple enchondromas 
associated with cutaneous, soft tissue, or visceral hemangiomas 
[47]. There are a few case reports of malignant transformation of 
multiple enchondromas in the hand in association with Ollier’s 
disease (or multiple enchondromatosis) [3, 9, 17, 21, 24, 26, 48] 
and Maffucci’s syndrome [17, 49], although it is thought to be 
very rare in the hands and feet [3]. In an international multicenter 
study of 144 patients with Ollier’s disease and 17 patients with 
Maffucci’s syndrome, 40% of Ollier’s patients and 53% of 
Maffucci’s patients developed chondrosarcoma [49]. In 18% of 
cases, only the hands and feet were affected; of these, 4 of 27 
patients with Ollier’s disease (15%) but none of 2 patients with 
Maffucci’s developed chondrosarcomas. In contrast, patients 
with multiple enchondromas found only in the long tubular bones 
and flat bones had a higher incidence of developing chondrosar-
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coma (28 out of 62 Ollier’s and 1 out of 2 Maffucci’s). Muramatsu 
et  al. reported a 78-year-old male with chondrosarcoma of the 
ring and small fingers with painless increase in size [24]. The 
tumors were large, approximately 10 cm in diameter for the ring 
finger and 8 cm for the small finger, resulting in significant defor-
mities, and imaging demonstrated multiple osteolytic lesions in 
the phalanges of the other fingers. The patient underwent ray 
amputations of the ring and small fingers, and the final pathology 
report demonstrated areas of focally benign enchondroma, sug-
gestive of malignant transformation from Ollier’s disease to 
chondrosarcoma. Goto et al. reported on two patients with mul-
tiple enchondromatosis who developed chondrosarcomas in their 
hands; both patients had multiple osteolytic lesions in the hand 
and were treated with ray amputations [26]. There has been one 
unusual case of a chondrosarcoma arising from a solitary osteo-
chondroma in the hand [50] and one case report of a 21-year-old 
male with multiple hereditary exostosis who developed chondro-
sarcoma [25].

Fig. 8.3 Bilateral AP hand radiographs of a patient with Ollier’s disease, 
demonstrating multiple enchondromas
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 Differential Diagnosis

Differential diagnosis includes chondromyxoid fibroma, benign 
chondroblastoma, enchondroma, synovial chondromatosis, sub-
ungual exostosis, and chondroblastic osteosarcoma.

Chondromyxoid fibroma is a rare, benign tumor of chondral 
origin and rarely occurs in the hand [51, 52]. This can also destroy 
the cortex and expand to soft tissue and can demonstrate cytologic 
pleomorphism [13]. The histologic characteristics were first 
described by Lichtenstein in 1948 and distinguish it from low- 
grade chondrosarcoma and enchondroma [53]. An essential histo-
logical feature is increased concentration of nuclei at the periphery 
of a well-defined lobule [51].

Benign chondroblastoma is a rare, benign bone tumor that is 
cartilaginous in origin and is commonly found in the knee and 
proximal humerus but uncommon in the hands and feet. It typi-
cally presents as a lytic lesion with sclerotic margins on imaging 
which can be associated with aneurysmal bone cysts [54].

Enchondroma usually presents in younger patients, typically in 
the third and fourth decades of life, and radiographically does not 
have cortical destruction or associated soft tissue mass [55]. While 
it can be difficult to distinguish between low-grade chondrosar-
coma and enchondroma in the hand, clinical, radiographic, and 
histological features are critical in making the distinction. While 
it is thought to be extremely rare, there are reports of malignant 
transformation of solitary enchondroma to chondrosarcoma [11, 
37, 56]. In a retrospective study of 113 patients with enchondro-
mas of the hand, two were reported to have malignant transforma-
tion [57]. Signs of malignant transformation include increase in 
size of lesion, onset of pain, and cortical destruction with soft 
tissue mass on imaging [58].

Synovial chondromatosis and periosteal chondroma can mimic 
sarcoma with nuclear pleomorphism [13] and arise in the soft tis-
sue without direct bony involvement [6]. Synovial chondromato-
sis is a rare, benign, proliferative cartilaginous lesion arising from 
synovial tissue [59]. There have been reports of malignant trans-
formation to chondrosarcoma [60], with one case report of acral 
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synovial chondrosarcoma involving the thumb metacarpophalan-
geal joint in a 69-year-old man [61].

Subungual exostosis is an uncommon benign tumor of the distal 
phalanx that can cause nail deformity and pain [62]. Radiographs 
demonstrate a bony mass projecting from the distal tuft of the dis-
tal phalanx [63]. On histology, there is a base or stalk of normal-
appearing trabecular bone with a fibrocartilaginous cap [1].

Chondroblastic osteosarcoma can also occur in the hand with 
extremely hyperchromatic and pleomorphic tumor cells with 
malignant osteoid cells [64].

 Discussion

Chondrosarcoma of the hand is rare, although it is the most com-
mon malignant bony tumor of the hand. Diagnosis can be diffi-
cult, and careful scrutiny of clinical presentation, radiologic 
appearance, and histological analysis is critical. A painful, enlarg-
ing osseous swelling, especially in the older patient, should make 
the clinician suspicious for a malignant process. On radiographs, 
lytic areas with lack of well-defined margins and cortical destruc-
tion with soft tissue extension on radiographs are characteristic of 
chondrosarcomas. Histologic features suggestive of malignancy 
include high number of binucleated cells, nuclear pleomorphism, 
mitotic figures, and permeation with entrapment of bony trabecu-
lae. Chondrosarcomas in the hand behave more locally aggressive 
but rarely metastasize. It is very rare for malignant transformation 
of enchondromas to chondrosarcomas. Treatment is controversial, 
and it is reasonable to attempt function-sparing reconstruction 
with close monitoring.
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 Introduction

In contrast to other tubular bones, the clavicle exists on a horizon-
tal axis and is first formed through intramembranous ossification 
[1] before undergoing endochondral ossification at the acromial 
and sternal ends. It contains scanty red marrow in a medullary 
cavity with sparse vascularization surrounded by thick cortices of 
compact bone [2]. Interestingly, the clavicle has characteristics of 
both long and flat bones [3]. It is a rare site of primary tumor for-
mation, as the incidence of primary clavicular tumors is reported 
between 0.45% and 1.01% [3], perhaps due to its unique develop-
ment [4]. The distribution of tumors in the clavicle is similar to 
those reported in long bones, where the distal ends (mainly the 
acromion) are favored over the clavicular shaft [2].

Chondrosarcomas are malignancies developed from cartilage 
and produce a significant amount of hyaline cartilaginous extra-
cellular matrix [5]. It is a relatively slow-growing malignancy that 
rarely metastasizes [6, 7]. Primary chondrosarcomas arise de 
novo, whereas those developed from preexisting enchondromas 
or osteochondromas are referred to as secondary [8]. In terms of 
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prevalence, chondrosarcoma is the second most common primary 
malignancy of the bone (about two to three cases per million in 
the adult population), second only to osteosarcoma. It more often 
affects adults, especially those between 40 and 60 years of age 
[9]. Males are more commonly affected than females. Secondary 
chondrosarcomas affect 0.5–1% of all solitary osteochondroma 
patients [10].

Chondrosarcomas most often arise from appendicular bones of 
the pelvis, femur, humerus, and scapula, with the clavicle being 
less common [11, 12]. Of the approximately 20% of chondrosar-
comas which occur in the shoulder girdle, the clavicular chondro-
sarcomas account for a relatively small proportion [13]. Unni and 
Inwards summarized 1073 cases of chondrosarcoma in which five 
were clavicular [14]. In contrast, chondrosarcomas account for 
nearly one-third of all primary chest wall tumors, making it the 
most common primary chest wall malignancy [15]. When consid-
ering all the cancer types affecting the clavicle, chondrosarcomas 
are quite rare. In a review of 206 cases in East Asia, the major 
clavicular neoplasms were eosinophilic granuloma (18.5%), plas-
macytoma (10.2%), Ewing sarcoma (7.8%), osteosarcoma (8.7%), 
osteochondroma (8.7%), and chondrosarcoma (5.3%) [4].

 Clinical Manifestation

Similar to chondrosarcoma at other sites, clavicular chondrosar-
coma may present as a palpable elastic-hard mass, with possible 
skin ulceration, swelling, and dysphagia [16]. Generally, the most 
prominent initial symptom of chest wall chondrosarcoma is a pal-
pable lump, with a reported incidence of 69% at the first visit [11, 
17]. However, since the clavicle is not weight-bearing, patients 
with clavicular chondrosarcoma may have an absence of pain and 
ultimately a delayed diagnosis [11].

Interestingly, Horner’s syndrome secondary to a clavicular 
chondrosarcoma has also been reported [18]. Mechanistically, the 
second-order neuron that passes from the ciliospinal center of 
Budge to the superior cervical ganglion in neck can become 
 compressed or damaged by swelling, mass, or surgery. Therefore, 
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the supraclavicular fossa must be carefully examined in patients 
with Horner’s syndrome.

Another rarely reported symptom of clavicular chondrosar-
coma is thoracic outlet syndrome, which is caused by compres-
sion of the neurovascular structures within the retroclavicular 
space [10]. Hiroshi Kobayashi et al. described a 26-year-old man 
with secondary chondrosarcoma arising from osteochondroma of 
the left midshaft of the clavicle. Because the tumor protruded in a 
posteroinferior direction, it resulted in thoracic outlet syndrome. 
Compression of the subclavian artery and brachial plexus was 
confirmed by angiography and intraoperatively, respectively [10]. 
Radiating arm or hand pain can accompany the presentation [10].

In addition, patients may also suffer from a progressive restric-
tion of motion, pain, and dysesthesia. A fixed and hard mass in the 
infraclavicular space may support the diagnosis of the syndrome. 
Moreover, frozen shoulder syndrome has been described in shoul-
der girdle neoplasms [19] and considered in a clinical workup.

 Imaging

On plain radiographs, clavicular chondrosarcoma is a bony lesion 
with a characteristic chondroid calcification (Fig. 9.1a). Periosteal 
reaction and pathological fracture are infrequent. Although con-
ventional radiography is a poor modality for distinguishing 
enchondromas from Grade 1 central chondrosarcomas [20], a 
larger tumor size (more than 5cm) can help predict malignancy 
[21]. Of note, chondrosarcomas in elderly patients with degenera-
tive joint disease are especially challenging to interpret on con-
ventional radiographs [6].

Computed tomography (CT) scan and magnetic resonance 
imaging (MRI) have comparatively superior diagnostic specificity 
compared to plain radiographs [22]. On CT, the density of chon-
drosarcoma is comparable to that of muscle and appears as a 
bulky soft tissue mass with a punctate or “ring-and-arc” pattern of 
prominent calcification that is shaped from mineralized chondroid 
matrix lobules [23] (Fig.  9.1b, c). MRI is more sensitive for 
 clavicular chondrosarcomas and is especially useful for defining 
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the extent of intraosseous and soft tissue involvement for preop-
erative planning. Typically, a low-signal-intensity lobulated lesion 
on T1-weighted images combined with a mixed low- and high- 
intensity lesion on T2-weighted images is indicative of chondro-
sarcoma. Of the various imaging signs that aid in diagnosis, deep 
endosteal scalloping is regarded as the most sensitive sign for 
Grade 1 chondrosarcomas [24]. However, it is challenging to dis-
tinguish endogenous chondromas from low-grade chondrosarco-
mas by MRI. Even dynamic contrast-enhanced MRI can fail to 
discriminate between enchondromas and low-grade chondrosar-
comas [24].

Whole-body fluorodeoxyglucose positron-emission tomog-
raphy/CT (FDG PET-CT) or bone scans are not typically needed 

a b

c

Fig. 9.1 A 30-year-old male with secondary chondrosarcoma arising from 
an osteochondroma of the right supraclavicular fossa. (a) Anteroposterior 
radiograph of the right clavicle showing a poorly demarcated lesion contain-
ing cauliflower-like calcification in the right supraclavicular fossa. Axial CT 
scan with bone windowing (b) and soft tissue windowing (c) displaying a 
periosteal-based, isodense, lobulated mass arising from the diaphysis of the 
clavicle, with flocculent calcification and a coarse periphery
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for a chondrosarcoma diagnosis but can be useful for identify-
ing metastatic spread. They are therefore used for clinical stag-
ing [25].

Chondrosarcoma variants can show a diversity of characteris-
tic radiographic appearances. For instance, a less extensive area of 
matrix mineralization can exist in aggressive chondrosarcoma 
subtypes such as dedifferentiated and mesenchymal chondrosar-
comas (MSC). They may demonstrate intraosseous lytic areas and 
aggressive cortical erosions accompanied by large soft tissue 
masses. In contrast, matrix mineralization is less frequent in clear 
cell chondrosarcoma compared to conventional chondrosarcoma.

 Biopsy and Histology

A core needle biopsy is critical during the initial diagnosis and to 
ascertain the tumor grade [25]. Since chondrosarcoma is rare, 
cases are generally referred to a multidisciplinary team at special-
ized treatment centers for diagnosis and definitive care. Data sup-
ports this important step, as fine-needle aspiration cytology 
(FNAC) can reach a diagnostic accuracy of 94% in specialized 
sarcoma centers and only 26% in nonspecialized centers. A repeat 
needle biopsy or conversion to an open biopsy should be con-
ducted if the initial findings are benign or inconclusive [17]. Some 
argue that FNAC can be less commonly performed for clavicular 
chondrosarcomas due to associated risks to neighboring neuro-
vascular structures [4]. However, CT or ultrasound-guided tech-
niques may increase procedural safety and accuracy [26]. 
Ultimately, patients should be referred to a specialized sarcoma 
center for treatment for the diagnostic decision-making.

The WHO classifies chondrosarcomas into Grade 1, 2, or 3 
based on their abundance of chondrocytes, atypia (shown in 
Fig. 9.4.), chondrocyte cellularity, proportion of binucleate cells 
and mitotic figures, and mucoid and myxoid changes within the 
cartilage matrix. Specifically, Grade 1 chondrosarcoma has low 
cellularity in a chondroid matrix and absent mitoses. As it is 
 clinically indolent and has low metastatic potential, it does not 
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require any staging investigation [8]. In Grade 2 and 3 chondro-
sarcoma, there is high cellularity, mucomyxoid matrix change, 
cytonuclear atypia, and mitoses, which contribute to its aggres-
siveness [6].

The conventional chondrosarcoma subtype comprises more 
than 90% of all chondrosarcomas [23], of which 90% are low to 
intermediate grade [23]. The conventional subtype can be further 
categorized into central, peripheral, and juxtacortical according to 
its location in the bone [20]. Other chondrosarcoma variants, 
including dedifferentiated chondrosarcoma, MCS, clear cell 
chondrosarcoma, and extraskeletal myxoid chondrosarcoma, are 
much less common. Dedifferentiated chondrosarcoma may arise 
from the transformation of low-grade conventional chondrosar-
coma and exhibits characteristics of fibrosarcoma, osteosarcoma, 
or undifferentiated pleomorphic sarcoma (UPS). MCS is a high- 
grade chondrosarcoma displaying a dimorphic histological pat-
tern with a highly undifferentiated small round cell component 
mixed with cartilage islands [23]. Clear cell chondrosarcoma con-
tains prominent glycogen in tumor cells. It is relatively slow- 
growing and usually involves the epiphyses of long bones [23]. 
Extraskeletal myxoid chondrosarcoma is genetically distinct and 
considered a low-grade malignancy with prominent myxoid 
degeneration [23, 27]. On histologic appearance, extraskeletal 
myxoid chondrosarcoma is characterized by lobular growth of 
oval- or spindle-shaped acidophilic cells [28]. The lobules are 
arranged in cords or strands in a prominent myxoid stroma [28].

 Metastasis

Compared to osteosarcoma and Ewing sarcoma, chondrosarcoma 
has a much lower tendency toward distant metastasis [6]. If metas-
tasis does occur, it most often reaches the lung. Other metastatic 
sites, including the bone, regional lymph nodes, liver, kidney, 
skin, ovary, and heart, are extremely rare [6]. Douis et al. reported 
an incidence of 5.3% (10 in 188 patients) for lung metastasis in 
chondrosarcoma [29]. In a retrospective study, Gulia A et  al. 
reviewed patients with conventional chondrosarcoma of the 
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extremity including the clavicle. Among them, 35 of 427 patients 
(8.2%) were identified with isolated pulmonary metastasis. All 
histologically proven patients were graded and staged by a PET/
CT or bone scan with non-contrast CT [6]. Of the Grade 2 chon-
drosarcoma patients, only three had pure bony metastasis, and 
two had combined lung and skeletal metastasis. Interestingly, no 
skeletal metastasis occurred in patients with Grade 1 or 3 chon-
drosarcoma [6]. This may have resulted from potential areas of 
bias, including a loss of numbers in the final analysis from inad-
equate biopsy validation of the bony metastatic sites and inconsis-
tent results in the Grade 3 chondrosarcoma patients [6].

 Treatment and Outcomes

Due to its robust resistance to all tested chemotherapies, no effec-
tive induction or adjuvant therapies for conventional chondrosar-
coma currently exist. Initial results in chondrosarcoma patients 
treated with a combination of doxorubicin and cisplatin showed 
them to have a longer progression-free survival (PFS) than those 
receiving doxorubicin monotherapy [30, 31]. However, further 
analysis showed the chondrosarcoma patients receiving chemo-
therapy to have no overall survival benefit compared with those 
who did not receive chemotherapy [32]. Mechanistically, the 
 chemoresistance of chondrosarcoma may result from the height-
ened expression of chemoresistance genes such as multidrug 
resistance 1 and P-glycoprotein, a slow division rate, and signifi-
cant barriers of antineoplastic drugs to cells due to poor vascular-
ity and robust extracellular matrix [15, 23, 33].

As chondrosarcomas are relatively resistant to radiotherapy as 
well, there is no consensus regarding their use in treatment. A 
recent study showed that irradiation with protons or other charged 
particles may benefit chondrosarcoma patients [20]. Another 
in vitro study showed that olaparib, a PARP inhibitor, is able to 
sensitize mutated Grade 3 chondrosarcoma cells to conventional 
photon and proton and carbon ion irradiation, indicating a promis-
ing treatment avenue [5].
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Novel targeted therapies (pazopanib, abemaciclib, and dasat-
inib) and immunotherapies (pembrolizumab, nivolumab) are 
under investigation for use in chondrosarcoma but need further 
validation for clinical application [34–36]. Currently, given the 
rarity of clavicular chondrosarcoma, there are no reported ran-
domized clinical trials evaluating the efficacy of chemotherapy, 
radiotherapy, or targeted therapy for these tumors. Thus, more 
therapeutic targets and subsequent trials are needed to improve 
outcomes in chondrosarcoma of the clavicle and reach clinic read-
iness.

Given its resistance to chemotherapy and radiotherapy, the pri-
mary treatment for chondrosarcoma remains surgical resection 
[15]. Therefore, any evaluation should consider the tumor’s 
resectability [25]. Generally, for low-grade chondrosarcoma con-
fined to the bone, extensive intralesional curettage followed by 
local adjuvant therapy with bone grafting may achieve local con-
trol and good long-term outcomes [20]. In contrast, intermediate- 
to high-grade chondrosarcoma should undergo wide en bloc 
excision [20].

Since chondrosarcoma of the clavicle is anatomically close to 
vital neurovascular structures, a multidisciplinary team consisting 
of orthopedic, thoracic, and vascular surgeons and oncologists 
may be required for evaluation and surgical decision-making. 
Radical en bloc resection with negative margins is considered the 
“gold standard” of care for aggressive clavicular chondrosarcoma. 
To achieve definitive treatment, a proximal, distal, or total cla-
viculectomy may be required based on lesion location [13]. As 
shown in Figs. 9.2 and 9.3., a 30-year-old male with secondary 
chondrosarcoma arising from an osteochondroma of the right 
clavicle was treated by partial claviculectomy. With respect to 
resection margins, most consider a minimum of 3–5 cm around 
the macroscopic tumor is necessary to achieve a histologically 
disease-free margin R0 with significantly reduced recurrence [37, 
38]. However, unlike chondrosarcoma located in long bones, clear 
surgical margins for tumors of the clavicle may be challenging. 
Extended chest wall resection, including the sternum and parietal 
pleura, may be required in certain cases [39]. Ali Ghorbani 
 Abdehgah et al. reported a case of a 22-year-old woman with cla-
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vicular chondrosarcoma. During the total claviculectomy, a quar-
ter of her sternum was surgically removed alongside the tumor to 
achieve negative margins [11]. Postoperatively, the shoulder is 
usually immobilized with a sling for 3 weeks followed by reha-
bilitation for improved recovery [10].

Given the rarity of clavicular chondrosarcoma, few publica-
tions detail the long-term patient outcomes following surgery 
[25]. According to available evidence, however, the tumor grade, 
stage, local recurrence, resection margins, and metastasis are pre-
dictive for clavicular chondrosarcoma outcomes [13].

Grade 1 chondrosarcoma is comparatively less malignant than 
Grade 2 and Grade 3. Accordingly, the 5-year survival rate in 

Fig. 9.2 Postoperative X-ray after wide en bloc resection (partial claviculec-
tomy) of the clavicular chondrosarcoma
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Grade 1 patients is 90% and decreases dramatically to 60% for 
those with Grade 2 and 3 chondrosarcoma [11]. When chondro-
sarcoma recurrence occurs, it generally presents within the first 5 
years following surgical treatment. Similarly, recurrence is also 
closely related to histological grade. In a single-center retrospec-
tive cohort of 20 patients with primary chondrosarcoma of the 
scapula or clavicle, all recurrences occurred in the higher-grade 
tumors, while none occurred in Grade 1 tumors [13].

Radical en bloc resection is critical for improved long-term 
outcomes. In a study from the Mayo Clinic, the 10-year disease- 
free survival rate for chondrosarcoma patients with wide or local 
excision was 95.4% and 65.4%, respectively [40]. In a 
 single- institution study evaluating the surgical treatment of pri-
mary chest wall sarcoma including chondrosarcoma (5  in 23) 

a b

Fig. 9.3. (a) Macroscopic views and (b) cross-sectional view of the lobular 
clavicular mass after resection

a b

Fig. 9.4. (a) Histology of the resected tumor with hematoxylin and eosin 
(H&E) staining. (b) On higher magnification (square area in A), hyaline car-
tilage with mild nuclear atypia of the neoplastic chondrocytes is noted
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[39], R0 margins were achieved in 83% with a 5-year overall sur-
vival of 35%. The investigators found that R0 resection closely 
correlated with overall survival, while tumor histological grade 
and extended resection were associated with recurrence [39]. 
Consistent with this study, another work confirmed wide resection 
significantly decreased recurrence [13].

 Reconstruction

The clavicle functions as struts to prevent the upper limb and 
scapula from depression via the acromioclavicular joint and cora-
coclavicular ligament [4]. Currently, reconstruction following 
removal of clavicular neoplasms is controversial. Some studies 
have shown that mobility and most functions of the upper limb 
after partial or total claviculectomy could be preserved without 
clavicular reconstruction [3, 4]. Others have argued that excision 
of the medial clavicle, costoclavicular ligament, and subclavius 
disrupts the ligamentous attachments of the clavicle to the chest 
wall and may result in chronic pain, instability, and reduced 
shoulder strength and mobility [41]. Therefore, reconstruction is 
typically recommended, especially for the elderly or adolescents 
with less growth potential; this protects the surrounding neurovas-
cular structures, restores symmetry, and preserves a more cos-
metic appearance [4].

Several materials have been incorporated to improve recon-
struction of chest wall defects, such as polytetrafluorethylene 
patches, titanium plates, stainless steel mesh, resin plates, cryo-
preserved sternochondral allograft [42], methyl methacrylate 
cement sandwiched in Marlex mesh, and mesh-bone cement 
sandwiches [40, 43]. Necati Çitak et  al. reported a 63-year-old 
woman with a giant anterior chest wall chondrosarcoma (15 x 15 
cm) situated between the anterior mediastinum, proximal ends of 
both clavicles, and bilateral costochondral joints [37]. The patient 
underwent a wide resection, and the large chest wall defect was 
reconstructed by polypropylene mesh and a pedicled latissimus 
dorsi muscular flap [37]. Generally, in order to achieve good 
upper extremity function, preservation of the glenoid and rotator 
cuff is needed [13].

9 Chondrosarcoma of the Clavicle



198

However, it should be noted that if only soft tissue reconstruc-
tion is performed, the patient may still suffer from respiratory and 
circulatory disorders. Therefore, reconstruction of the bony tho-
rax may be necessary for fast postoperative recovery, stability, 
adequate pulmonary function, and protection of internal organs 
by providing a rigid thoracic scaffold [40]. Wei Guo et al. reported 
a massive clavicular chondrosarcoma with invasion of the subcla-
vian artery, vein, and brachiocephalic trunk, which was treated 
through a scapular girdle amputation and sectioning of tumors of 
the clavicle and upper chest wall. After radical resection, the large 
thoracic wall defect (15 x 10cm) was further reconstructed by 
implantation of an autograft scapula [44].

Joint stability is dependent on ligamentous supports [41]. The 
sternoclavicular joint is a major construct and serves as the only 
articulation between the axial skeleton and upper limb [41]. 
Costoclavicular and infraclavicular portions are pivotal for stabil-
ity of the sternoclavicular joint [40]. Clinically, however, recon-
struction of the sternoclavicular joint is challenging due to the 
associated risks [41]. Charlotte L Bendon et  al. reported on a 
26-year-old woman with clavicular chondrosarcoma who was 
treated by excision of the left sternoclavicular joint and medial 
clavicle. A vascularized and innervated second toe metatarsopha-
langeal (MTP) joint and a subsequent extensor tendon graft were 
applied for reconstruction of the sternoclavicular joint [41]. No 
intraoperative complications were noted, and clavicle- to- 
metatarsal union and proximal phalanx-to-manubrium union were 
shown on radiographs 10 months postoperatively [41]. 
Reconstruction with the vascularized MTP joint was more resis-
tant to infection and osteonecrosis and allowed motion in three 
planes, thus providing elevation/depression, protraction/retrac-
tion, and rotational movement [41].

 Conclusions and Perspective

Chondrosarcoma of the clavicle is extremely rare and, as a result, 
poorly studied. It typically presents as a supraclavicular mass that 
is tender to palpation but otherwise painless. Needle biopsy is a 
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valuable diagnostic tool and should be performed in specialist 
centers where results are considerably more accurate. Benign or 
indefinite results of a needle biopsy should be interpreted with 
caution, and a repeat test or open biopsy is suggested. Primary 
clavicular chondrosarcoma is therapeutically challenging. It is 
strongly resistant to radiotherapy and chemotherapy, making wide 
resection, such as claviculectomy, the mainstay treatment for 
attempted cure. If there is a large chest wall defect following rad-
ical en bloc resection, reconstruction is required to maintain chest 
wall stability and range of motion of the upper arms and neck 
[40]. Prognostically, the most important factors for long-term sur-
vival and function include tumor histologic grading, wide radical 
resection, and metastasis [25]. It should be noted that since most 
studies are single-centered retrospective with limited sample sizes 
and heterogeneous indications, few concrete conclusions have 
been drawn, and results may not be applicable between treatment 
centers. Definitive conclusions should therefore be interpreted 
with caution and take into account all unique patient characteris-
tics [13].
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 Introduction

Chondrosarcoma is the most common primary malignant bone 
tumor in adults and is heterogeneous with respect to anatomic loca-
tion, histologic subtype, and histologic grade. Each of these factors 
impacts the approach to treatment, and radiation therapy is no 
exception. In this chapter, we will consider chondrosarcoma from 
the perspective of the radiation oncologist, whose primary concern 
is to assess whether radiation can provide a clinically meaningful 
improvement in  local disease control without introducing excess 
toxicity. We will then explore the technical aspects of radiation 
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therapy, including the choice of modality, treatment volume, and 
dose while in parallel exploring available data on therapeutic and 
safety outcomes. We will focus primarily on chondrosarcoma aris-
ing from two special anatomic locations – the skull base and spine, 
where radiation therapy is most often utilized – and finish the chap-
ter with a brief discussion of pelvic chondrosarcoma.

 Role of Radiation Therapy (RT): An Overview

It is estimated that 13% of patients with a histological diagnosis 
of chondrosarcoma received a form of RT [1]. The primary goal 
of RT is to improve local control (LC), and it should be noted that 
in general RT is not associated with improved survival [1]. 
Common indications for RT are as follows:

• Adjuvant RT to maximize local control after incomplete resec-
tion. RT is a valuable adjuvant treatment modality where wide 
excision cannot be accomplished [2]. In a study of 5427 
patients with a histologic diagnosis of chondrosarcoma in the 
National Cancer Database (NCDB), in patients with positive 
surgical margins, there was a trend toward improved survival 
for those treated with RT (HR 0.81, 95% CI 0.58–1.13) [1]. It 
should be noted that adjuvant radiation is not a substitute to 
achieving maximal resection whenever possible as R1 and R2 
resections have worse LC despite adjuvant radiation therapy 
(95% and 40% for R1 and R2, respectively, compared to 100% 
for R0 at 10 years) [2]. According to National Comprehensive 
Cancer Network (NCCN) guideline, doses ~70 Gy are needed 
in attempts to achieve LC after R1 resection and >70 Gy for R2 
resection using specialized techniques [3]. RT is not routinely 
recommended as an adjuvant modality after successful margin- 
negative wide excision of chondrosarcoma [3], though  selective 
use of adjuvant RT for high-risk lesions even after complete 
resection is reasonable.

• Definitive treatment modality when resection is not feasible or 
would cause unacceptable morbidity, especially in the skull 
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base and the spine. Definitive RT can be considered for bor-
derline resectable and unresectable disease [3]. In some cases 
where an uncontrolled primary tumor can be the cause of 
death, RT can prolong survival. In another NCDB study of 
863 chondrosarcoma patients receiving definitive radiation 
therapy, a higher dose (>70 Gy, 40.6% vs. 16.9%; p = 0.006) 
and the use of proton therapy (75.0% vs. 19.1%; p = 0.046) 
were associated with improved OS at 5 years on multivariable 
analysis [4].

• Salvage after tumor recurrence. When chondrosarcomas dem-
onstrate progression after initial treatment, they often exhibit a 
slow but relentless local growth. If wide excision of a local 
recurrence can be achieved, RT is not always indicated [5], 
though some consider local recurrence as an a priori indication 
for salvage radiation therapy. If wide excision cannot be 
achieved at recurrence, revision resections can be performed 
with the goal of debulking tumor and decompressing organs at 
risk, with RT playing a role as an adjunct or alternative treat-
ment [6, 7]. Patients treated for recurrent tumors with salvage 
radiation typically have worse LC compared to these treated 
for a primary tumor (50% vs. 11%, p = 0.002), based on data 
from a phase 2 prospective study [8].

• Palliation for metastatic disease. Although there is a paucity of 
data of RT in this setting and there are no prospective studies, 
the role of palliative RT is well described as a means to address 
or prevent symptoms including pain, obstruction, and bleeding 
from advanced malignancies independent of histology [9]. In 
one study of the SEER database with 200 patients with upfront 
metastatic chondrosarcoma, resection of the primary tumor 
was associated with improved OS (hazard ratio 0.481, 
p  <  0.001). Although RT was not associated with either 
improved OS or DFS [10], this does suggest a value to control-
ling the primary tumor, for which RT can play a role especially 
if surgery is not possible.

• Treatment of oligometastatic disease. Pulmonary metastasec-
tomy is a commonly performed operation for sarcoma 
patients with pulmonary metastasis with or without extrapul-
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monary metastasis. Although there have been no large pro-
spective studies of metastasectomy for patients with sarcoma, 
the effectiveness of metastasectomy is inferred from retro-
spective surgical series and registry data given favorable sur-
vival data when this approach is employed [11–13]. 
Long-term results indicate resection may prolong survival 
following complete resection [14]. For bone sarcoma, about 
34% of patients were alive at 5 years after a first metastasec-
tomy [11]. The absence of effective systemic therapy is 
another motive for an aggressive local therapy approach in 
patients with oligometastatic disease. Radiation therapy, and 
in particular, stereotactic body radiotherapy (SBRT), offers 
an effective alternative to metastasectomy for patients with 
oligometastatic disease. This approach has been well studied 
across a wide range of malignancies [15] and even in patients 
with oligometastatic sarcoma of different histological sub-
types, including chondrosarcoma [16–18]. SBRT is espe-
cially valuable when treating bilateral disease, multiple 
synchronous lesions, or in patients with contraindications to 
surgery. Multiple studies have demonstrated that SBRT is an 
effective and safe method for treating pulmonary metastasis 
from sarcoma, with LC around 86%~96% [19–21]. In one 
study, the actuarial 5-year LC was 96%, and no severe toxic-
ity events were recorded [17]. Long-term data is lacking, but 
studies have shown a 5-year overall survival (OS) from 50% 
to 60.5% [16, 17].

Doses of radiation at or above 70 Gy are advised in the adju-
vant and definitive setting for the treatment of chondrosarcoma 
[3]. However, application of this dose with conventional RT is 
often impossible in the vicinity of critical neurologic structures, 
especially in chondrosarcomas arising in the skull base and axial 
skeleton (recall that spinal cord tolerance is about 45–54 Gy with 
conventionally fractionated RT and brainstem tolerance is approx-
imately 54–60  Gy). Paradoxically, postoperative RT is often 
needed the most given these tumors are less accessible for radical 
resection than lesions in the appendicular skeleton. In light of this, 
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advanced radiation modalities, such as intensity-modulated radia-
tion therapy (IMRT), proton-beam therapy, carbon ion radiother-
apy, stereotactic radiosurgery (SRS), or fractionated stereotactic 
radiotherapy (FSRT), are essential to maximize the therapeutic 
window. For example, in a phase II study of high-dose mixed pho-
ton/proton radiotherapy in the management of spine sarcoma, 
patients with unresectable or gross residual disease received a 
total dose of 77.4 Gy (relative biological effectiveness, RBE) [8]. 
In a study of the NCDB comparing advanced and conventional RT 
modalities, advanced RT was associated with significantly 
decreased mortality (HR 0.55, 95% CI 0.38–0.80) [1], with data 
suggesting that this association with improved outcome may be 
related to the ability to deliver higher doses of RT. These advanced 
modalities are discussed in more detail below. In summary, RT is 
an essential tool in selected cases of chondrosarcomas but must be 
considered on a case-by-case basis, and a multidisciplinary 
approach is paramount to optimal patient management.

 Radiotherapy Considerations

 Surgical Approach and Tumor Location

All grades and subtypes of nonmetastatic chondrosarcoma require 
surgery for curative potential [22, 23]. Wide, en bloc excision is 
the preferred surgical treatment of almost all chondrosarcomas 
[22]. Anatomic location is a critical consideration because it influ-
ences surgical resection, which in turn has an impact on local dis-
ease control and the need for adjuvant radiation therapy. Anatomic 
location also defines proximity to nearby critical normal struc-
tures that may influence the feasibility and toxicity of  radiotherapy.

Chondrosarcomas occur predominantly in the trunk and limb 
girdles (acral or appendicular skeleton lesions), with approxi-
mately one-third occurring in the pelvis, sacrum, and mobile 
spine (axial lesions, although pelvis is part of the appendicular 
skeleton by strict definition) [24]. Acral lesions rarely metasta-
size, regardless of grade, whereas axial lesions are much more 
likely to metastasize than tumors found in the distal extremities 
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with equivalent histology [23] and portend poorer oncologic out-
comes [25]. Studies have shown that for the conventional-type 
chondrosarcoma, anatomic location was one of the two most sig-
nificant factors (the other being grade) that predicted different 
oncologic end points, namely disease-specific death, metastasis, 
and local recurrence [25–27]. For example, in one study, 10-year 
local recurrence-free survival was 88% for appendicular vs. 53% 
for axial/pelvis lesions [26]. Because of the effective LC with sur-
gery alone, radiotherapy has had limited utilization for patients 
with appendicular lesions, with the exception of scenarios at high-
est risk for local recurrence, such as tumor with pathologic frac-
ture at diagnosis and/or evidence of malignant contamination of 
soft tissue at surgery. Thus not surprisingly, radiotherapy was 
more commonly utilized for axial lesions than appendicular lesion 
(constitutes 78% vs. 22% of patients undergoing RT in an analysis 
of the NCDB [1]).

For skull base locations involving the clivus, cranial nerves or 
carotid artery, and spine, wide excision can lead to considerable 
morbidity and a demanding reconstruction, despite advanced 
endoscopic approaches. In these locations, resection in a piece-
meal fashion may be the only feasible approach [28]. Surgeries at 
these sites can even be limited to debulking and facilitating good 
geometry for radiation (i.e., addressing brainstem compression) 
[29]. Adjuvant radiation therapy is often necessary to ensure ade-
quate disease control. RT is also used as an alternative to surgery 
as the definitive treatment when surgical resection is not feasible 
[30–32].

One notable exception to the rule for wide, en bloc resection is 
the treatment of low-grade acral chondrosarcomas and low-grade 
intracompartmental chondrosarcomas arising centrally within the 
medullary cavity, which remains controversial [23]. Many sur-
geons choose extensive intralesional excision and curettage [27, 
28, 33]. While low-grade chondrosarcomas rarely metastasize, 
they do have the potential to recur locally after intralesional exci-
sion and curettage. Still, despite the higher likelihood for local 
recurrence, radiation therapy is not utilized after a limited surgery. 
In these cases, patients are observed and local recurrences may be 
managed with wide excision [3].
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Histologic Grade and Subtype

Grade is another important factor dictating oncologic outcomes 
[25–27], and it is cited as the best predictor of clinical behavior at 
present [2]. Chondrosarcomas are characterized as grades I–III 
(certain sources classify as I–IV), with higher grades having a 
greater tendency to metastasize. Grade I chondrosarcomas rarely 
metastasize [34]. In contrast, grade III chondrosarcomas have 
metastases developing in 70% of patients [35]. About 90% of all 
chondrosarcomas are conventional chondrosarcomas, and 10% are 
one of the following subtypes: dedifferentiated, clear-cell, mesen-
chymal, and myxoid [36]. The NCCN guidelines suggest that radia-
tion should be considered only for unresectable diseases in the 
low-grade setting but can be considered for both borderline resect-
able and clearly unresectable diseases for high-grade and clear-cell 
chondrosarcoma [3]. In addition, a study from MD Anderson 
Cancer Center (MDACC) demonstrated that none of the patients 
with conventional grade I chondrosarcomas developed local recur-
rence after surgical resection despite several having residual disease 
after their index operation. The authors stated they typically reserve 
radiation for salvage treatment of recurrent, progressive grade I 
chondrosarcoma while delivering radiation therapy uniformly 
postresection in higher grade conventional chondrosarcomas. On 
the other hand, some practitioners employ adjuvant radiation ther-
apy if the tumor is of high grade even when R0 resection is achieved, 
especially for tumors in anatomic locations that pose surgical chal-
lenges [2]. It should be noted that these practices are under investi-
gation and not widely adopted. More evidence is needed to support 
histologic grade-specific radiation treatment protocols [37].

 Biological Considerations

Chondrosarcoma is generally considered a radioresistant tumor 
that requires high doses of RT for adequate disease control. The 
radioresistant nature of chondrosarcoma may be related to the fol-
lowing features: (1) it is slow growing with a relatively low frac-
tion of dividing cells, and RT acts on dividing cells; (2) it can be 
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relatively acellular with a prominent extracellular cartilage matrix 
that does not respond to RT, and (3) its poor vascularity and 
hypoxic microenvironment limits the generation of reactive oxy-
gen species (ROS) by RT [38]. On a molecular level, alteration in 
tumor suppressor p16, p21, and Rb and increased expression of 
antiapoptotic proteins such as Bcl-2, Bcl-xL, and XIAP contribute 
to its radioresistance as well [38–40]. Investigations to address the 
radioresistance include approaches such as p16-restoring onco-
lytic viruses, siRNA-based downregulation of antiapoptotic pro-
teins, or acridine orange to enhance generation of ROS [38].

 Pre-radiotherapy Evaluation

Radiation planning for patients with chondrosarcoma requires 
advanced axial imaging including both magnetic resonance imag-
ing (MRI) and computed tomography (CT). MRI helps differenti-
ate chondrosarcoma from benign entities like osteochondroma, and 
it is necessary to delineate the extent of the intraosseous and soft 
tissue involvement, including neurovascular structures. Classically 
they appear hyperintense on T2-weighted MRI due to high water 
content [28]. However, there do not appear to be any imaging hall-
marks to differentiate low-grade from high-grade chondrosarcomas 
[28]. Computed tomography is especially recommended in the pel-
vis and other flat bones where it may be difficult to discern the pat-
tern of bone destruction and the presence of matrix mineralization. 
It typically is of low attenuation on CT due to high water content. 
For staging, chondrosarcoma patients should undergo chest CT 
(especially for high-grade lesions as lungs are the main site of met-
astatic disease); a bone scan can be considered [23, 29]. The role of 
PET/CT in distinguishing benign from malignant chondroid 
lesions, and to identify metastatic disease, is uncertain.

Chondrosarcoma can result in extensive destruction of key 
weight-bearing osseous structures. RT, although treating the caus-
ative agent, does not restore the integrity of the bone (and, in fact, 
can weaken the remaining normal bone). Thus, prior to any radia-
tion, an orthopedic oncology evaluation is necessary to assess 
structural integrity of the bone in weight-bearing areas. In addi-
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tion, for tumors near critical neurologic structures, a neurosurgery 
evaluation to assess neurological compromise and need for imme-
diate surgery in the setting of spine and skull base chondrosarco-
mas should be carried out before radiation planning.

 Skull Base Chondrosarcoma

Only 1% of chondrosarcomas arise in the skull base and account 
for 6% of all skull base tumors [41]. The vast majority of lesions 
occur along the spheno-petro-clival junction involving the bone of 
the clivus and extending anteriorly into the parasellar sinuses, 
nasopharynx, orbits, or middle cranial fossa including the sella 
(30–50%) or posteriorly into the posterior fossa (50%) [42]. The 
majority of patients present with symptoms of cranial nerve com-
pression [30]. Most common presenting symptoms include diplo-
pia, decreased visual acuity, and headaches [43]. About half of the 
skull base chondrosarcomas are low grade (grade I), and 40% are 
intermediate grade (grade II), and the remaining 10% are high 
grade [30]. Skull base chondrosarcoma has a gradual, slow pro-
gression resulting in a relatively asymptomatic growth which can 
lead to late diagnosis. This unfortunately results in extensive 
locoregional infiltration at the time of diagnosis [44].

 Role of Surgery and Radiation

The current standard for initial treatment of cranial chondrosar-
coma is surgical resection to obtain a definitive tissue diagnosis 
and maximally cytoreduce the tumor [30]. The appropriate surgi-
cal approach depends largely on the size and location of the tumor. 
Local bony destruction and invasion can make oncologic excision 
challenging with significant potential morbidity and mortality. In 
retrospective series, 25–41% of patients developed new cranial 
nerve deficits, and more than half of patients had no improvement 
of their preoperative cranial neuropathy [45, 46]. In addition, 
modern surgical series also report an approximately 10–15% rate 
of vascular injury, 10% rate of cerebrospinal fluid leak, and up to 
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5% perioperative mortality [30, 42]. In fact, it is estimated that 
60–80% of skull base chondrosarcomas cannot be safely removed 
[44]. In one series, less than half of the surgeries result in total 
resection [42].

Given the high morbidity associated with aggressive surgery, 
many surgeons now advocate maximal safe tumor debulking 
followed by adjuvant radiation to improve local control. There 
is no direct evidence to suggest that extent of resection at the 
initial operation offers any recurrence or survival benefit when 
adjuvant radiation is given [30]. Bloch et al. showed that adju-
vant irradiation after surgery significantly reduced 5-year rate 
of disease recurrence from 44% after surgery alone to 9% after 
radiation [30, 31]. The same group showed that 5-year mortal-
ity was decreased from 25% to 9% with the addition of any 
form of radiation for skull base chondrosarcoma for majority of 
patients [30, 31]. In a SEER database analysis of 269 patients 
with skull base chondrosarcoma, postoperative adjuvant RT 
significantly improved 10-year OS rate (62% vs. 41%, p = 0.04) 
[47]. This is echoed in another SEER database analysis in 
which surgery followed by radiation offers the longest survival 
[48]. Therefore, the current standard approach is maximally 
safe resection followed by adjuvant radiation. Definitive radia-
tion alone when surgery is not feasible offers good local control 
and may even afford a favorable 5-year recurrence rate com-
pared to patients who received surgery as their only treatment 
modality (19% vs. 44%, p = 0.036) [31], though retrospective 
comparisons are difficult given inherent selection bias for each 
treatment. Regarding the optimal timing of RT after surgery, it 
has been reported that early primary adjuvant radiation therapy 
after surgery had higher rates of disease control than those 
referred for salvage treatment of recurrent disease (2-year LC 
80% vs. 45.5%; p = 0.024) [32, 49].

Cumulative data from all published series of skull base chondro-
sarcoma demonstrate 5-year LC and OS between 70–100% and 
65–95%, respectively. In general, positive prognostic factors 
include younger age, conventional subtype (vs. mesenchymal type), 
gross total resection, and smaller lesion size [30, 31, 37, 47, 50–53].
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 Radiation Delivery Modalities

Radiation for chondrosarcoma may be delivered in one of a num-
ber of advanced treatment modalities. These include photon- 
based treatments, in particular IMRT, SRS, and FSRT, as well as 
particle-based (proton, carbon ion) radiotherapy. These tech-
niques differ primarily in the type of radiation therapy (photon- 
based vs. particle-based), the precision and accuracy of patient 
setup and treatment delivery, and the dose delivered per fraction 
of treatment.

Radiation therapy is most commonly administered using 
photon- based techniques (also referred to as gamma rays or 
X-rays). Radiation can also be delivered using particles, such as 
protons or carbon ions, which result in a unique distribution of 
dose within the patient compared to photon-based techniques. 
Specifically, whereas each beam of photon therapy results in “exit 
dose” on the contralateral side of the target, proton and carbon ion 
therapy deposit the vast majority of their dose at particular depth 
within the patient, resulting in minimal “exit dose” on the contra-
lateral side of the target. This property is advantageous for tumors 
in some anatomic locations. In addition, proton therapy and in 
particular carbon ion therapy have slightly higher biological 
effectiveness at similar dose levels.

With respect to the dose per fraction, radiation therapy has his-
torically been given in small increments of 1.8–2.0 Gy per treat-
ment to allow for maximal sparing of normal tissue in the radiation 
field. Modern image guidance (IG) and radiation planning tech-
niques (e.g., IMRT) have allowed improved sparing of normal 
 tissue, allowing for an escalation of radiation dose per fraction, up 
to as high as ~20 Gy per fraction. Higher dose per fraction treat-
ments, such as SRS, typically employ photon-based radiation, 
although particle-based approaches with higher dose per fraction 
are actively under investigation.

Advanced radiation techniques appear to yield better outcome 
than conventional fractionated photon RT, but currently there is 
no direct head-to-head comparison of various advanced modali-
ties suggesting that one is superior to another. In general, to 
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achieve adequate local control, doses approaching 70  Gy and 
higher (or 60 Gy and higher for carbon ion therapy) are necessary 
due to the relatively high radioresistance of chondrosarcoma with 
conventional techniques [54]. An overview of different advanced 
radiation therapy modalities for skull base chondrosarcoma is 
shown in Table 10.1. A discussion of conventionally fractionated 
2D or 3D conformal RT is not included here, as this is an outdated 
approach for the definitive treatment of chondrosarcoma. Tumor 
control is unsatisfactory with this approach given the inability to 
deliver a sufficient dose of RT to the primary tumor without dam-
aging surrounding normal tissue [55, 56].

Image-Guided IMRT (Conventional Fractionation) This 
refers to the use of advanced imaging to guide the setup of the 
patient for each fraction of radiotherapy (image guidance), com-
bined with an advanced radiation planning and delivery system 
(IMRT) that maximizes dose to the tumor while minimizing dose 
to normal structures. IMRT is by convention considered a photon- 
based modality, unless explicitly noted otherwise (e.g., intensity- 
modulated proton therapy). Image guidance (IG) and IMRT are 
now standard in the treatment of spine and skull base tumors 
when attempting to achieve doses approaching 70 Gy. An exam-
ple IG-IMRT plan for a skull base chondrosarcoma is shown in 
Fig. 10.1. Sahgal et al. reported their experience with IG-IMRT 
for treating 18 patients with skull base chondrosarcoma with a 
median follow-up of 67 months [57]. Patients received a median 
dose of 70 Gy using conventional fractionation (2 Gy per fraction) 
with cone-beam CT-based daily image guidance. With these 
 techniques, the 5-year LC was 88.1% and 5-year OS was 65.3%. 
Around 14% of patients developed radiation-associated toxicities, 
including one patient who developed a radiation-associated sec-
ondary malignancy occurring 6.7 years later. Both cases of local 
failures were in patients with higher-grade tumors (grades II and 
III). Age but not extent of surgical resection was a predictor of 
local control.

Of note, FSRT is a type of radiation modality that delivers con-
ventionally fractionated radiation under stereotactic guidance 
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(though this term has also been used to refer to hypofractionated 
stereotactic radiotherapy; see Sect. “SRS”). It combines the preci-
sion of stereotactic positioning with the radiobiological advantage 
of fractionation for large tumors. In a study by Debus et al. deliv-
ering a median dose of 64.9 Gy in 1.8 Gy fractions, all eight chon-
drosarcoma patients achieved and maintained local control and 
recurrence-free status at follow-up of 5 years [58].

Fig. 10.1 Example plan of a skull base chondrosarcoma treated with con-
ventionally fractionated IMRT. A 46-year-old female with low-grade chon-
drosarcoma of the right sphenoid and cavernous sinus with locally osseous 
destruction s/p subtotal resection followed by conventionally fractioned 
IMRT to the residual disease. Upper panels: postoperative MRI showed per-
sistent disease at the inferolateral aspect of the resection cavity, measuring 
approximately 2.3 cm. Lower panels: radiation plan of conventionally frac-
tionated IMRT, 70 Gy in 35 fractions. GTV in red and PTV in tomato. Iso-
dose lines (95%: magenta, 50% yellow, and 20% cyan) with dose wash are 
shown. Optic nerve is contoured in light blue and brainstem in dark blue. 
Note that PTV coverage has to be reduced anteriorly due to its proximity to 
the optic nerve. Case contributed by Tania Kaprealian, MD, MBA, Depart-
ment of Radiation Oncology, UCLA Medical Center
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SRS SRS refers to treatments that are delivered in a single frac-
tion of high-dose radiation. SRS can be delivered either from a 
cobalt-60 source (Gamma Knife® surgery, GKS) or a linear 
accelerator [59, 60]. It is an effective adjuvant RT option follow-
ing incomplete resection especially suited for patients who have 
small-volume tumors in brain locations that are high risk for 
resection-related complications. Table  10.2 summarizes major 
studies utilizing SRS in skull base chondrosarcomas. Overall, 
5-year LC of GKS for skull base chondrosarcomas has been 
reported to be ~70–80% [7, 32, 61]. SRS has progression-free 
survival (PFS) rates around 80–85% at 5  years and 70% at 
10 years [7, 61, 62]. The caveat is that there are currently a small 
number of studies in the literature with more than ten patients. 
Factors associated with longer survival after SRS included patient 
age >40 years, a shorter interval (<6 months) between diagnosis 
and SRS, and either no or a single prior resection [32].

Regarding the optimal dose, it has been shown that patients 
receiving <16–24 Gy marginal dose have inferior outcomes [7, 
62, 63]. In a study by Koga et al., 5-year PFS for patients who 
underwent SRS with higher marginal doses (mean 18 Gy, range, 
16–20 Gy) was 80%, significantly higher than 14% for those with 
lower marginal doses (mean 12 Gy, range, 10–12.5 Gy) [63]. The 
authors concluded that sufficient marginal doses of at least 16 Gy 
appeared crucial, although those who received lower doses tended 
to be patients who had fractionated radiation therapy before and 
underwent SRS in the recurrent setting.

Radiation-related complications are reported to be fewer than 
that of fractionated RT [6] but can still be relatively high, espe-
cially when used for larger lesions or when radiosurgery is com-
bined with fractionated radiation therapy. In a study by Forander 
et  al. including nine patients with skull base chondrosarcoma 
treated with GKS [64], one patient had radiation necrosis, which 
required microsurgery, and two patients had new cranial nerve 
palsies. In another study by Krishnan et  al. [65] including 29 
patients with skull base chondrosarcoma or chordoma, ten patients 
(34%) had radiation-related complications. Complications 
included cranial nerve deficits (n = 6), radiation necrosis (n = 5), 
and pituitary dysfunction (n  =  3). Median tumor volume was 
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14.4 cm3 (range, 0.6–65.1 cm3). The exposure of the optic appara-
tus, pituitary stalk, and brainstem must be considered during plan-
ning to minimize complications. If the optic apparatus is included 
in the 80% isodose line, it might be best to fractionate therapy. 
Exposure of the pituitary stalk should be kept to <30 Gy to mini-
mize endocrine dysfunction. Brainstem exposure should be lim-
ited to <12 Gy in SRS [59].

The most prominent limitation for SRS is tumor size. The 
treatment was usually addressed to small residual lesions (10–
20 mL) after maximal tumor resection [7, 44, 64, 66], and volume 
>20 mL was associated with poor local control [66]. In most pub-
lished series, the mean tumor volume was <10  mL although a 
range of tumor sizes were included. In fact, a large proportion of 
chondrosarcoma exceed the size suitable for SRS or have irregu-
lar configurations making the use of SRS not widely applicable.

Of note, hypofractionated stereotactic radiation therapy (also 
known as FSRT although this term may also refer to convention-
ally fractionated radiotherapy under stereotactic positioning; see 
above) has also been reported in the literature to treat skull base or 
upper cervical spine chondrosarcoma. This approach utilizes the 
advantages of stereotactic positioning and delivery accuracy and 
delivers 21–43.6 Gy in 3–5 fractions [60, 67]. Early reports sup-
port this modality as a safe and effective option although longer 
term data is lacking.

Proton Therapy As described above, compared to photon ther-
apy, proton therapy results in minimal exit dose after energy depo-
sition (Bragg peak) at the target location. When using advanced 
treatment planning and delivery, such as pencil beam scanning or 
intensity-modulated proton therapy (IMPT), proton therapy 
results in a sharp dose falloff to spare surrounding critical struc-
tures while delivering a slightly greater biological effective dose. 
Published series of proton radiotherapy in the treatment of skull 
base chondrosarcoma are summarized in Table 10.3. When treat-
ing with proton therapy, conventional fractionation (1.8–2.0 Gy 
(RBE) per fraction) is employed, and the most common dosing 
regimen has been 68–72 Gy (RBE) delivered in 1.8–2.0 Gy (RBE) 
per fraction.

10 Radiation Therapy for Chondrosarcoma
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A retrospective comparative study of surgery alone vs. surgery 
followed by adjuvant proton therapy showed that adjuvant proton 
therapy was associated with a significantly lower rate of relapse 
(34% vs. 11%; p = 0.01). No difference in 10-year disease- specific 
survival (DSS) between patients initially treated with or without 
proton was observed [68]. In a recent analysis of NCDB including 
863 patients with chondrosarcoma, proton therapy was associated 
with improved 5-year OS in the definitive RT setting (75.0% vs. 
19.1%; p  =  0.007) and in the perioperative setting (97.1% vs. 
69.4%; p = 0.005) [4]. However, this survival advantage may be 
attributed in part to a selection bias wherein tumors treated with 
proton therapy are most likely to have favorable anatomy allow-
ing delivery of higher doses of radiation. Indeed, a subgroup anal-
ysis limited to patients receiving high-dose radiation showed no 
significant difference in OS between proton and photon-based RT 
in chondrosarcoma. There have been no prospective trials com-
paring proton radiation to other radiation modalities [44]. An 
example proton plan for a skull base chondrosarcoma is shown in 
Fig. 10.2.

Retrospective studies have reported LC at 5 years with adju-
vant proton therapy between 94% and 99% [53, 69–71] with PFS 
in the same range [68–70] as local recurrence is the most common 
type of failure (95%, [71]). The 5-year OS has been reported to be 
higher than 90% [70, 71]. In addition, proton therapy appears to 
be well suited for patients with residual lesions ≥20 mL after sur-
gery that may not be suitable for SRS or hypofractionated 
approaches [44]. However, it should be noted that one series 
reported that a GTV >25 mL is associated with lower LC rates 
[70].

Based on these retrospective studies, the rate of adverse radia-
tion effects of proton beam RT appears to be low. Acute toxicity is 
considered negligible [44], and the rate of severe late effects is 
limited (<10% incidence of RTOG grade 3 toxicity) [33]. In a 
large series by Munzenrider et al. [71], optic neuropathy devel-
oped in 12 of 274 patients (4.4%) who received prescribed tumor 
doses ranging from 63.4 to 79.4 Gy (RBE). Median dose to the 
optic structures in injured patients was 62.1 Gy (RBE). In a study 
by Austin-Seymour et  al., 4% had visual complications [72]. 
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Audiographically significant hearing loss occurred 2–5 years after 
irradiation in 15 of 33 (45%) patients prospectively evaluated 
after treatment. The estimated probability of neuropathy rose 
from 1% at 62 Gy (RBE) (0.5–3%) to 5% at 73.2 Gy (RBE) (64–
81 Gy (RBE)) [71]. Similarly, in another study by Simon et al., 
39% of patients had sensorineural hearing loss [68]. Ares et al. 
report that high-grade toxicity developed in 6% of patients in 
5 years, in the form of unilateral optic neuropathy and CNS necro-
sis [70]. While a newer study by Mattke et al. in 2018 reports no 
toxicity worse than CTCAE grade 3 after treatment [53], some 
consider toxicity from proton therapy to be higher than that of 
SRS [7], though any comparison is confounded by the fact that 
proton beam RT tends to be used for larger tumors.

Mixed Proton/Photon Therapy When combined with photons, 
proton therapy could be delivered either before or after the photon 
therapy. The most common dosing regimen has been 67–70 Gy 
(RBE) delivered in 1.8–2.0 Gy (RBE) per fraction. Total doses up 
to 80 Gy (RBE) can be safely applied to the skull base using pro-

Fig. 10.2 Example plan of a chondrosarcoma involving the skull base 
treated with proton therapy. Isodose lines: 71.8 Gy: maroon, 70 Gy: orange, 
67 Gy: green, 62 Gy: blue, and 56 Gy: cyan. Case contributed by Shannon 
MacDonald, MD, Department of Radiation Oncology, Massachusetts Gen-
eral Hospital, Harvard Medical School
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tons or a proton-photon combination [71]. LC between 75% and 
96% at 5 years have been reported [53, 69–71], along with 5-year 
OS of 95% or higher [73–76]. From retrospective series, there 
does not appear to be an obvious difference in the reported PFS 
and OS between proton-only therapy and combined photon/pro-
ton treatments [75]. A summary of major studies utilizing mixed 
proton/photon therapy in skull base chondrosarcomas is shown in 
Table 10.4.

Local failure appears to be the major mode of failure. In one 
study, relapses were located in the GTV in two-thirds of the cases, 
highlighting the radioresistant nature of this tumor [77]. GTV 
<25–28 mL [75, 77], maximum diameter <45 mm [77], younger 
age [74, 77], and primary versus recurrent disease status [74] are 
prognostic indicators of better local control, PFS, and OS. Tumor 
directly adjacent to critical structures is also more difficult to con-
trol due to limitations of RT dose. For example, optic pathway 
compression was significantly associated with the risk of treat-
ment failure (p  =  0.027) [75]. Brainstem involvement was also 
associated with worse recurrence [76] and the volume of the 
brainstem receiving 60  Gy (RBE) is an independent negative 
prognostic factor [73].

Late grade ≥3 toxicities were observed in 6–15% of patients in 
reported case series [73–77], including oculomotor impairment, 
severe hearing loss, loss of vision, temporal lobe damage, and 
focal seizure. Interestingly, in the largest study of patients treated 
with mixed protons and photons (n  =  135) or protons alone 
(n = 116), there was no difference in toxicity rates between the 
two groups [75]. Feuvret et al. compared these two modalities for 
skull base tumors and demonstrated that proton planning [78] 
decreased the distribution of low-intermediate dose to organs at 
risk (OARs), but this differential dose deposition may not be large 
enough to translate into an increased therapeutic window.

Carbon Ion Therapy Carbon ion therapy has proven to be an 
effective and safe treatment for skull base chondrosarcoma. From 
a radiobiology standpoint, carbon ion has advantages compared to 
photon or proton therapy, including higher RBE and increased 
linear energy transfer (LET) which may help overcome the inher-
ent radioresistance of chondrosarcoma. In a recent meta-analysis 
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of carbon ion radiotherapy from the Mayo Clinic that included 
243 patients with skull base chondrosarcomas, the estimated 1-, 
5-, and 10-year LC were 99%, 89%, and 88%, respectively. OS at 
1, 5, and 10 years were 99%, 95%, and 79%, respectively [79]. 
Across published series, 5-year LC has been ~88%, while OS at 
5 years has been 95–96% [53, 54, 79, 80]. A summary of major 
studies utilizing carbon ion therapy in skull base chondrosarco-
mas is shown in Table 10.5.

There are also a few series on the performance of carbon ions 
in the re-irradiation setting. Combs et  al. reported local tumor 
control after re-irradiation as 92% at 24  months and 64% at 
36 months for skull base tumors [81]. One major caveat is that this 
therapy is only offered in a few centers around the world, includ-
ing Heidelberg, Germany, and a few centers in Asia (China and 
Japan) [54, 79, 82].

Despite the theoretical advantage of carbon ion therapy, com-
parisons between carbon ion and other radiation types are chal-
lenging. A study by Mattke et al. [53] included 101 patients with 
skull base chondrosarcoma treated by either proton or carbon-ion- 
beam treatment at the Heidelberg Ion Beam Therapy Center. This 
study found no significant difference in survival outcomes among 
patients with skull base chondrosarcomas treated with carbon 
ions versus protons. Regarding prognostic factors, similar to pro-
ton therapy, younger age (≤44–45 years old [53, 54]) and a boost 
volume ≤55  mL [53] were associated with significantly better 
local control rates with carbon ion therapy.

The toxicity profile of carbon ion treatment appears to likewise 
be very favorable. The incidence of early and late toxicity 
(grade  ≥  3) is low (0–4%) across studies [79]. Radiographic 
changes in the brain have been observed after carbon-ion therapy, 
though these have also been reported following proton therapy in 
approximately 6% of patients. However, there is no indication 
that such changes altered the postradiation treatment course or 
resulted in worse survival outcomes [79]. The occurrence of 
visual loss seems to be correlated with a delivery of >60  Gy 
(RBE) to 20% of the volume of the optic nerve [83]. V50 >4.6 mL 
of the brain is associated with grade 2 or higher brain injury [84]. 
And although carbon ions have a theoretical sharper radiation 
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dose falloff, which may result in lower post-RT complication 
rates, this has not been substantiated in the clinic. It is intriguing 
in a study by Shulz-Ertner et al. with 54 patients treated with car-
bon ions [80], only one patient developed a Common Terminology 
Criteria for Adverse Events (CTCAE) grade 3 mucositis; the 
remaining patients did not develop any acute CTCAE grade >2 
toxicities. The authors suggest that late toxicities after carbon ions 
may be reduced, though this claim requires further investigation. 
It should be noted that the cost per treatment of carbon ion therapy 
is significantly more expensive than the cost of proton (in a 
proton- only facility) or photon therapy [85].

Currently, there is an ongoing phase III single institution clini-
cal trial at Heidelberger Ionenstrahl-Therapiezentrum (HIT) cen-
ter in Germany, which randomizes patients with skull base 
chondrosarcomas to either proton (70 Gy (RBE) ± 5%) or carbon 
ion radiation therapy (60 Gy (RBE) ± 5%) with 5-year local-PFS 
rate as the primary end point [86] (ClinicalTrials.gov identifier: 
NCT01182753).

 Radiation Field Design

Designing the radiation target volume for the treatment of skull 
base chondrosarcoma is similar across various modalities, with 
minor differences. Gross tumor volume (GTV) captures the gross 
disease visible on advanced axial imaging and is delineated based 
on the planning CT scan in combination with pre- and/or postop-
erative MRI scans. The clinical target volume (CTV) captures the 
GTV plus an additional margin to capture regions of suspected 
microscopic spread. The CTV typically encompasses a 5–10 mm 
margin around the GTV and is adjusted manually to account for 
natural anatomic barriers to tumor spread and to ensure the vol-
ume captures presurgical disease extent. The surgical pathway is 
not typically covered. The planning target volume (PTV) encom-
passes the CTV plus an expansion to account for daily variability 
in the patient setup and uncertainty in treatment accuracy. This 
expansion depends on the modality of imaging guidance, patient 
immobilization, and the treatment setup (thermoplastic mask, 
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presence or absence of a bite block) but is typically around 3 mm 
(2–6 mm).

In some studies, a separate PTV1 and PTV2 were defined 
when treating with proton or carbon ion therapy. For example, 
Schulz-Ertner et al. [80] defined PTV1 as the GTV plus suspected 
subclinical disease with a safety margin of 1–2 mm for possible 
patient misalignment. A smaller boost planning target volume of 
PTV2 was defined to include GTV plus a 1–2 mm margin. PTV1 
was treated to a target dose between 45 and 52.5 Gy (RBE) within 
15 fractions, and a boost dose of 12–17.5 Gy (RBE) was delivered 
to the PTV2; the total target dose within PTV2 was therefore 
57–70 Gy (RBE). Similarly, Ares et al. defined PTV1 = CTV+5 mm 
and PTV2 = GTV+5 mm when delivering proton RT [70]. For ste-
reotactic radiosurgery, the target volume is often the GTV without 
an additional expansion [87]. A summary of suggested dose and 
target volumes is shown in Table 10.6.

Table 10.6 Suggested dose and target volumes for radiation therapy for 
skull base chondrosarcoma

Volume Description Dose

GTV Gross tumor delineated on planning 
CT and preoperative MRI

CTV1 CTV1 = GTV + 5 ~ 10 mm. Includes 
preoperative tumor extension and 
suspected microscopic spread. 
Volumes should be adjusted to account 
for the anatomy, natural barriers, etc.

PTV1 PTV1 = CTV1 + 3 mm (2–6 mm, 
depending on daily imaging setup)

45–52.5 Gy (RBE)a [80]

PTV2 PTV2 = GTV + 1 ~ 2 mm Consider boost 
15–17.5 Gy (RBE) to a 
total dose of 60–70 Gy 
(RBE)a [80]

Note: for SRS, often only the GTV is targeted in radiosurgery [87]
GTV gross tumor volume, CTV clinical target volume, PTV planning target 
volume
aExample dosing regimen. See main text for discussion of commonly used 
dosing regimen under each radiation delivery modality

T. M. Ma et al.
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 Spine Chondrosarcoma

 Role of Surgery and Radiation

Although less than 12% of chondrosarcomas occur in the spine 
[88], they represent a unique challenge for local disease control 
due to their sensitive anatomic location. As a result, radiotherapy 
plays a prominent role in the treatment of chondrosarcoma of the 
spine, relative to tumors of the extremities. Up to 60% of tumors 
arise in the thoracic region, with the remaining lesions divided 
between the lumbar (20–39%) and cervical spine (19–20%) [89].

A complete en bloc resection (vertebrectomy/spondylectomy) 
is the ideal surgical technique for resecting chondrosarcomas, 
which has been shown to be associated with increased LC and 
recurrence rates of 20% or less [89]. However, gross-total resec-
tion is often not achievable in spine chondrosarcomas due to prox-
imity to critical structures, and the presence of gross disease after 
surgery appears to portend worse clinical outcome. In a study by 
Murray et al., fewer than half (45.1%) of the surgeries were GTRs 
prior to adjuvant proton therapy [90].

Local curettage of a chondrosarcoma is an alternative surgical 
technique, but it almost always results in recurrence [91, 92]. 
Patients treated with en bloc resection appear to have significantly 
better OS (mean 198 months) than those who underwent intrale-
sional curettage (mean 77 months, p = 0.05) even when adjuvant 
radiation therapy is given [88]. In one study, en bloc resection and 
curettage did not result in a significant difference in oncologic 
outcome as long as GTR is achieved [90]. Maximal safe resection 
followed by appropriate adjuvant therapy remains the standard of 
care. In a small report of 21 patients from MDACC with chondro-
sarcoma of the spine, half of whom received adjuvant radiation, 
GTR was associated with prolonged disease-free interval [93].

The appropriate timing of radiation therapy (preoperative vs. 
postoperative) has not been determined, though the majority of 
retrospective studies have used an adjuvant rather than a neoadju-
vant approach. Still, the neoadjuvant approach deserves consider-
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ation. In a large single center study from Massachusetts General 
Hospital (MGH) spinal chondrosarcoma in 80% of patients [94], 
44 of 95 patients were treated with a combination pre- and post-
operative proton-based radiotherapy approach (the remaining 
patients were treated with surgery and postoperative radiation). 
Patients received between 19.8 and 50.4  Gy (RBE) preopera-
tively, depending on the concern for perioperative wound compli-
cations. Postoperatively, patients received a dose such that the 
initial larger target volume received a total of 50.4  Gy (RBE) 
(thus, patients receiving 50.4  Gy (RBE) preoperatively did not 
receive any additional dose to this larger volume, whereas patients 
who did not receive preoperative treatment received 50.4  Gy 
(RBE) postoperatively to this volume). Then, patients received a 
postoperative boost to a total of 70.2 Gy (RBE) to the tumor bed 
with a 5 mm margin. Patients with gross residual disease were 
treated to a final dose of 77.4 Gy (RBE) targeting residual tumor. 
The 5-year LC and OS were 57% and 68%, respectively. In 
another Canadian study, 40% of patients with extracranial chon-
drosarcoma underwent preoperative RT in situations where it was 
anticipated that there was a high probability of a positive resection 
margin, particularly where more extensive surgery would result in 
excess morbidity [2]. In this study, the median dose was 50 Gy for 
preoperative radiation and 60  Gy for postoperative radiation. 
There are several technical advantages of preoperative radiation. 
These include the opportunity to sterilize tumor cells prior to 
 surgery, which can reduce the risk of tumor autotransplantation at 
surgery which can result in unsalvageable failures in these 
patients, such as pleural failures in patients with thoracic spine 
chondrosarcomas. A component of preoperative radiation allows 
for smaller fields (i.e., will not need to treat spine stabilization 
hardware) and allows radiation planning and delivery without any 
metallic spine hardware, which degrades imaging and treatment 
planning algorithms.

Regarding the delivery modality of RT, most series in the lit-
erature employ high-dose photon/proton combination or proton- 
only RT.  Major studies utilizing radiotherapy in treating spine 
chondrosarcomas are summarized in Table 10.7. With good posi-
tioning (3 mm positioning accuracy), proton beam therapy per-
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mits higher doses to significantly more of the tumor in these sites 
than photons [95] and yields lower mean doses for all OARs (spi-
nal cord, esophagus, heart, and both lungs) [96]. An example plan 
of a sacral chondrosarcoma treated with proton therapy is shown 
in Fig. 10.3. Note the area of low-dose spillage (20% isodose line) 
is smaller compared to a conventionally fractionated IMRT plan 
(Fig. 10.1). In a retrospective dosimetric study reviewing thoracic 
spine treatment plans, proton therapy plans were compared to 
various photon-based plans, including tomotherapy, intensity- 
modulated radiation therapy, and dynamic arc photon therapy. 
The conclusion was that tomotherapy plans produce superior 
results compared with other photon modalities and are compara-
ble to proton plans, which makes tomotherapy an attractive alter-
native to proton therapy when the latter is not available [96].

While these results are encouraging for potential benefits or 
proton and/or photon-based tomotherapy, it should be noted that 
these in silico dosimetric studies provide no evidence that either 
modality outperforms conventional photon-based intensity- 
modulated radiation therapy (IMRT) in the clinic [97], and there 
has been no direct comparison of short- or long-term clinical 
between these delivery modalities in patients. Of note, SBRT/
SRS, as a commonly used technique for treating smaller chondro-
sarcoma of the skull base, has not been widely studied in the set-
ting of chondrosarcoma in the spine [60, 62]. In one study utilizing 
CyberKnife SRS, tumor control was poor at 38% for spinal lesions 
compared to 58% for cranial lesions in the same series [62]. 
Carbon ion therapy has also been reported to treat chondrosarco-
mas involving the spine, and LC and OS are significantly lower in 
larger tumors (volume ≥ 470 mL) [98].

 Dosing and Field Design

Typically 70–77.4 Gy (RBE) is delivered to the gross disease [8, 
49, 56, 90, 97], using conventional fractionation of 1.8–2.0 Gy 
(RBE) per fraction. As described above, up to 50.4 Gy (RBE) of 
this dose may be administered preoperatively. Local control var-
ies between studies but in general appears to reach approximately 

10 Radiation Therapy for Chondrosarcoma
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Fig. 10.3 Example plan of a sacral chondrosarcoma treated with pre- 
operative proton therapy. A 29-year-old male with chondrosarcoma centered 
in the left hemisacrum with extraosseous soft tissue component protruding 
through the anterior left S2 and S3 neural foramina. There is perineural 
spread along these nerves, and invasion into the left piriformis muscle. He 
underwent preoperative radiation 50.4 Gy in 28 fractions with scanned pro-
tons (illustrated here), followed by surgical resection and postoperative pro-
ton therapy. Isodose lines: 95%: orange, 50%: green, and 20%: blue. GTV is 
shown in red and CTV is shown in pink. Case contributed by Thomas DeL-
aney, MD, Department of Radiation Oncology, Massachusetts General Hos-
pital, Harvard Medical School. Note the smaller area of low dose spillage 
(20% isodose line) compared to a conventionally fractionated IMRT plan 
(Fig. 10.1)
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50% (range 39–58%) after 2–5 years of follow-up. Though these 
rates are lower than those observed with skull base chondrosar-
coma, one confounding factor is that spinal chondrosarcomas are 
often larger [99]. It is important to note that local control beyond 
5 years is very relevant for these patients with spinal chondrosar-
comas, as the majority of patients survive beyond 5 years. OS is 
approximately 90% at 1–2 years, 70% at 4 years, and 60–70% 
after 5 years [49, 56, 90, 97].

There is no consensus regarding the RT field design, and dos-
ing and practice vary between institutions. For preoperative radia-
tion of the spine, in a report from MGH, CTV1 was defined as 
GTV + ≥1 cm of soft tissue margin on extraosseous tumor, as 
well as grossly involved vertebrae plus one vertebra above and 
below. In this study, volumes were cropped at facial barriers (i.e., 
pleura or periosteum), and biopsy sites were included in CTV1. 
For sacral chordoma, more generous margins of ≥1.5 cm on areas 
of extraosseous tumor were employed [8]. For tumors located in 
the thoracolumbar area, the authors prescribed 50.4 Gy (RBE) to 
CTV1. Resection was performed 4–5 weeks after completion of 
RT. For sacral lesions, due to inherently higher risk of wound 
complications, only 19.8 Gy (RBE) was delivered preoperatively, 
with the remaining 30.6 Gy (RBE) to CTV1 delivered postopera-
tively without including surgically manipulated tissues or stabili-
zation hardware [8].

For postoperative adjuvant radiation, patients are most often 
treated with a two-phase technique delivering 50.4–54 Gy (RBE) 
to a larger volume to address subclinical disease, followed by a 
boost to a total of 70–77.4 Gy (RBE) to the tumor bed (consisting 
of the preoperative tumor volume plus a small 0.5 cm margin) and 
any gross residual disease [90]. In the study by Delaney et al. [8], 
CTV1 encompassed surgically manipulated tissues including 
scars, drain sites, and stabilization hardware and received 50.4 Gy 
(RBE) in 28 fractions, and as described above, the dose to this 
volume may be administered preoperatively. CTV2 (consisting of 
the tumor bed and including all of the preoperative gross diseases) 
received an additional 19.8 Gy (RBE) (in 11 fractions) to a total 
of 70.2 Gy (RBE). For patients whose tumor was unresectable or 
who had gross residual disease postoperatively, the gross or gross 
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residual disease was boosted with another 7.2 Gy (RBE) (in four 
fractions) to a total of 77.4 Gy (RBE).

In another study, CTV1 has been defined as the GTV (preop-
erative tumor volume and postoperative bed) with a 1–2  cm 
expansion, encompassing tissue at high risk of microscopic dis-
ease restricted based on anatomic barriers of tumor spread [97]. 
The PTV1 has been defined as the CTV1 plus an additional 
5 mm to account for daily setup variation and dose uncertainty 
and has been prescribed a dose of 45 Gy (RBE) or 54 Gy (RBE) 
[90, 97]. This is followed by a cone down to PTV2, which is 
defined as GTV plus an additional 5 mm [97] to a total dose of 
70–74  Gy (RBE) [90, 97]. Notably, Murray et  al. found that 
treatment volumes (PTV1 and PTV2) have grown over two 
decades (increase in median volume by 40% and 18%, respec-
tively) [90]. A summary of suggested dose and target volumes is 
shown in Table 10.8.

 Radiation Toxicity and Dose Constraints

The tabulation of radiation-associated toxicities in patients with 
chondrosarcoma is primarily based on retrospective studies, 
which may often fail to completely capture the nature and extent 
of treatment-related toxicities. Still, these studies provide a frame-
work for which clinical decisions can be made in the absence of 
higher level evidence. Late radiation-related treatment toxicities 
occurred in 10–33% of patients with spinal chondrosarcomas [8, 
88, 90], with grade 3 or higher toxicity ranging from 0% to 7.7% 
[49, 90]. More serious adverse effects include myelitis, esopha-
geal strictures which may require dilatation, insufficiency frac-
tures, soft tissue necrosis, subcutaneous fistula formation, 
neuropathic pain, femoral insufficiency which may require hip 
replacement, and ureteral stenosis [90]. Although tumor site 
(sacrum vs. spine, cervical spine vs. other) does not appear to 
have an impact on oncologic control [97], sacral chondrosarco-
mas are more challenging to plan given their proximity of the 
tumor to the bladder, bowel, perineum, and sacral plexus and the 
higher risk of wound complications.

10 Radiation Therapy for Chondrosarcoma
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With regard to normal tissue dose constraints, Delaney et al. 
limited spinal cord center dose to 54 Gy (RBE) and cord surface 
dose to 63 Gy (RBE) over a length ≤5 cm. The cauda equina was 
constrained to 70.2 Gy (RBE), except areas in direct contact with 
tumor where the dose limit was 77.4 Gy (RBE). No specific sacral 
nerve constraints were used, other than trying to spare contralat-
eral sacral nerves for lateralized lesions. Small bowel dose was 
≤50.4 Gy (RBE). Omentum was placed posterior to the rectum 
during surgery to create anatomic separation and minimize rectal 
dose when possible. Sacral nerves receiving 77.12–77.4  Gy 
(RBE) are at risk for late toxicity [8].

 Pattern of Failure and Prognosis

Not surprisingly, local control is superior in cases where adjuvant 
radiation is delivered at initial presentation versus at recurrence 
(19%) [97]. Holliday et  al. reported similar findings wherein 
patients with spinal chordomas and chondrosarcomas given radia-
tion at initial presentation had LC of 80%, compared with 46% in 
those who were treated at the time of recurrence [49]. RT also 
does not “make up for” suboptimal surgery, such has intralesional 
curettage [88]; it is most effective as an adjuvant for patients who 
have undergone en bloc resection. In addition, additional prog-
nostic factors associated with poor local control include the pres-
ence of metastasis and high-grade tumor [88, 97]. Similar to the 
skull base, recurrent chondrosarcoma of the spine appears to be 
refractory to radiation therapy with very high recurrence rate [8, 
97]. In a study by Delaney et al., four out of five patients with 
recurrent spine chondrosarcoma experienced another recurrence 
after treating with high-dose photon/proton RT [8].

Interestingly, the presence of surgical stabilization hardware 
is also found to be associated with worse outcome when treated 
with pencil-beam proton therapy [90]. It has been postulated that 
this is due to the inability of current treatment planning systems 
to accurately calculate proton dose distribution near these 
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implants due to the presence of CT imaging artifacts, inaccurate 
estimates of metal geometric dimensions, and uncertainties in the 
calculation of laterally scattered protons and other particles [97]. 
One approach is to utilize combined photon/proton RT when 
treating patients with hardware, which was described above [97]. 
In addition, pencil-beam proton therapy is also generally avoided 
in this scenario [97]. When these adjustments are made, patients 
with hardware experienced a similar (or perhaps even lower) 
local recurrence rate compared with patients without hardware 
[97]. As noted above, this problem can be mitigated to a substan-
tial degree by delivering a significant proportion of the RT prior 
to surgery.

In an early experience from MGH, in which 41 patients with 
chordoma and chondrosarcoma of the base of skull and cervical 
spine were treated with proton and photon irradiation between 
1980 and 1989, 23% of the cases failed in the prescribed dose 
region, 58% failed in regions where tumor dose was limited by 
normal tissue constraints, 10% of the patients recurred in the 
surgical pathway, and 10% were judged to be marginal misses 
[99]. The prescribed doses in this study ranged from 67 Gy to 
72 Gy (RBE) (mean 69 Gy [RBE]). Overall, 75% of the patients 
failed in regions receiving less than the prescribed dose. All 
tumors which failed in the high-dose region had volume greater 
than 75 cm3.

 Pelvic Chondrosarcoma

Although pelvis is part of the appendicular skeleton, this ana-
tomic location poses unique challenges. Traditionally, pelvic 
chondrosarcomas were treated with external hemipelvectomy 
(also known as hindquarter amputation), which is associated with 
poor functional and cosmetic outcomes. But nowadays more often 
than not patients are treated with limb-salvaging resection [100]. 
Nevertheless, it is still a challenging procedure given complex 
pelvic anatomy, the proximity to major neurovascular structures, 
often large tumor size at the time of diagnosis, and challenges 
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associated with reconstruction. Wide local excision with good 
margins is adequate for excellent tumor control. In a recent large 
single center study involving resection of 262 pelvic chondrosar-
comas, overall 26% patients had local recurrence. However, no 
patients with a surgical margin ≥1  mm had local recurrence, 
metastasis, or disease-related death, irrespective of tumor grade 
[101].

The role of RT in the definitive setting is largely undefined, 
while some publications describe a possible role of RT in the 
adjuvant setting for inadequate margins or local recurrence [100]. 
RT has been described as not reliably effective in the adjuvant 
setting for pelvic chondrosarcoma, as some advocate that ade-
quacy of surgical resection is the primary driver of patient out-
come [102]. In a SEER database analysis of 262 pelvic 
chondrosarcoma patients treated between 2004 and 2016, 93.1% 
patients underwent surgery and only 6.9% received any type of 
radiotherapy [103]. The infrequent use of RT in this setting com-
pared to the spine or skull base may be related to the ability to 
perform more aggressive resections to achieve negative margins. 
Furthermore, patients with recurrent tumors may still have surgi-
cal options. In an early report from MDACC on 21 patients with 
recurrent pelvic chondrosarcoma, with aggressive surgical inter-
vention, approximately 50% of patients achieved long-term sur-
vival [102]. Thus, the use of adjuvant radiation remains infrequent 
and for cases in which complete resections are not possible. Of 
note, a combination of short-course preoperative radiation, surgi-
cal resection, and reduced-field high-dose postoperative radia-
tion, developed at MGH, appears to be an effective way of 
treating pelvic (and spine) chondrosarcomas. In a study by 
Wagner et al. including 15 chondrosarcomas with the majority 
involving pelvis/sacrum, a median preoperative dose of 20  Gy 
radiation was delivered to a preoperative volume 
(CTV1 = GTV + 1 ~ 1.5 cm). Postoperative radiation included 
multiple phases with progressively shrinking volumes: a total 
dose of 50.4 Gy (including the preoperative dose) was delivered 
to the preoperative treatment volume, followed by 19.8 Gy boost 
to the GTV plus 5–10  mm margin, followed by an additional 
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boost of 7.2 Gy to residual gross disease to a total dose of 77.4 Gy 
in cases of subtotal resection. This approach affords a 5-year LC 
of 88.9% and 5-year DFS of 71.5% in the primary disease setting 
[104].

 Concluding Remarks

Chondrosarcoma is a unique malignancy because of its local dis-
ease morbidity. Even in patients with limited metastatic disease, 
or even without metastatic disease, local disease control is para-
mount because patients can often have extended survival beyond 
5 years. Surgery is the mainstay of local control, but tumors in the 
skull base and spine are often challenging to resect with widely 
negative margins, resulting in inferior local control.

Radiotherapy is an important adjunct for chondrosarcoma of 
the skull base and spine. However, treatment of these tumors 
with radiotherapy is challenging because effective treatment 
requires high cumulative doses (~70  Gy or higher), and the 
treatment target is often near critical structures (e.g., brain, 
brainstem, spinal cord, optic and other cranial nerves). Advanced 
treatment modalities are critical to be able to achieve the appro-
priate dose and to spare nearby critical structures. Patients 
should be considered for particle-based therapies (proton or car-
bon ion) when possible. Photon-based therapies should be deliv-
ered using advanced image guidance and intensity-modulated 
radiotherapy. For smaller tumors in the skull base, stereotactic 
radiosurgery should be considered. Most often, radiation ther-
apy is administered  postoperatively, though combined preopera-
tive and postoperative therapies can be effective in the spine or 
the pelvis.

And, finally, chondrosarcomas are rare tumors requiring spe-
cialized expertise. Thus, we recommend patients position them-
selves for the best local disease control by seeking treatment from 
a radiation oncologist at a high-volume sarcoma center with 
expertise in bone and soft tissue tumors and access to advanced 
treatment modalities and a multidisciplinary team of surgeons, 
pathologists, radiologists, and medical oncologists.
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 Introduction

Chondrosarcomas are a heterogeneous group of bone tumors with 
an estimated incidence of 1  in 200,000 cases per year [1]. The 
extremities are the most common primary location, followed by 
the axial skeleton. The median age is typically in the fourth to fifth 
decade with equal sexual distribution [1]. The 10-year overall sur-
vival in patients with localized disease ranges from 64% to 95% 
for low- and intermediate-grade chondrosarcoma and 25% to 58% 
for high-grade chondrosarcoma and less than 10% for metastatic 
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disease [2–5]. Tumor grading and surgical stage are considered to 
be significant prognostic factors. Negative prognostic factors 
include pelvic location, older age, and tumor size [5–10]. The 
2013 WHO Classification of Bone and Soft Tissue Tumors char-
acterized four chondrosarcoma subtypes, conventional, mesen-
chymal, clear cell, and dedifferentiated chondrosarcoma, and also 
classified the origin of tumor into primary chondrosarcoma and 
secondary chondrosarcoma arising from a preexisting benign 
bone tumor [4]. The clinical course of low-grade chondrosarcoma 
is typically indolent with a low metastatic rate. In contrast, mes-
enchymal and high-grade tumors usually behave aggressively and 
have a higher metastatic rate [2, 7, 11, 12].

The molecular pathogenesis of chondrosarcoma is associated 
with abnormal chondrocyte proliferation and differentiation of 
growth plate precursors. Various mutations have been implicated 
in the growth of chondrosarcomas including mutations of IDH1 
and IDH2 (isocitrate dehydrogenases 1 and 2), abnormal regula-
tion of the Indian hedgehog (IHH)/parathyroid hormone-related 
protein (PTHRP) signaling pathway, HEY-NCOA2 translocations 
in mesenchymal chondrosarcoma, and CDKN2A, COL2A1, and 
TP53 mutations [7, 13–16].

For the treatment of metastatic/unresectable chondrosarcoma, 
conventional chemotherapy is often ineffective. However, the 
clinical benefit from chemotherapy was demonstrated in mesen-
chymal and dedifferentiated chondrosarcoma [7, 17]. Translating 
the knowledge of molecular alterations into clinical approach is 
recently in progress.

 Molecular Pathogenesis

 1. Isocitrate dehydrogenase (IDH1 and IDH2) gene mutation
Alterations in IDH1 and IDH2 gene linked to the oncogen-

esis of chondrosarcoma.
IDH1 and IDH2 catalyze the decarboxylation of isocitrate 

into 2-KG and carbon dioxide in the Krebs cycle. Mutations of 
these IDH genes result in the conversion of α-KG to the onco-
metabolite D-2KG, and the accumulation of D-2KG leads to 
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HIF-1α degradation, which in turn is thought to deregulate epi-
genetic homeostasis and mesenchymal differentiation [18–20].

Mutant IDH was detected in approximately 52% of central 
chondrosarcomas, 52–59% of central intermediate, high-grade 
and dedifferentiated chondrosarcoma, and 71% of periosteal 
chondrosarcoma [21]. Molecular studies of cartilaginous 
tumor in patients with Ollier disease and Maffucci syndrome, 
a nonhereditary enchondromatosis, demonstrated an associa-
tion between enchondromas and somatic mosaicism of IDH1 
and IDH2 mutations [15].

 2. Exostosin (EXT1 and EXT2) gene alterations
Sporadic osteochondromas and multiple osteochondroma-

tosis have been linked to genetic mutations in the EXT1 and 
EXT2 genes. Homozygous EXT1/EXT2 mutations or inacti-
vated EXT1/EXT2 genes were detected in the majority of 
these tumors [14, 22]. Although osteochondromas and sec-
ondary peripheral chondrosarcomas are associated, several 
studies reported that only 15% of secondary peripheral chon-
drosarcomas harbored homozygous mutations or inactivation 
of EXT genes [23]. Andrea et  al. reported the presence of 
functional EXT genes within secondary periosteal chondro-
sarcomas in contrast to the dysfunctional EXT gene within 
osteochondromas, indicating that the oncogenesis of second-
ary chondrosarcomas requires an EXT-independent pathway 
[14]. In a mouse model, disruption of cell cycle regulators 
such as TP53 and CDKN2A promoted the progression of 
osteochondromas into secondary peripheral chondrosarco-
mas [24].

 3. Indian Hedgehog homolog (IHH)/parathyroid-related 
protein(PTHRP) signaling pathway

The IHH/PTHRP signaling pathway is involved in chon-
drocyte proliferation.

PTHRP expression has been found to be significantly ele-
vated in grade 1 peripheral and central chondrosarcomas. The 
absence of elevated IHH concurrent with the upregulation of 
PTHRP is thought to be an important facet of the malignant 
transformation of osteochondroma; it is also associated with 
increased histologic grade in chondrosarcoma [25, 26].
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 4. Vascular endothelial growth factor (VEGFR)
VEGF-A expression was positively correlated with the 

tumor type. Higher VEGF-A expression levels were detected 
in grade 2 and 3 conventional chondrosarcomas compared to 
dedifferentiated chondrosarcomas [27]. Also, in preclinical 
mouse models, the inhibition of endothelial cell attachment to 
collagen I prevents tumor angiogenesis and chondrosarcoma 
growth. While this preclinical data supports a role for antian-
giogenic therapy for chondrosarcoma, this has not been shown 
to be clinically translatable [28].

 5. Src pathway
The Src pathway is active in chondrosarcoma, and inhibi-

tion of Src in vitro by dasatinib has led to reduced CS viability, 
reduced cell motility, and induced apoptosis in cell lines [29]. 
Oosterwijk et  al. reported Src family kinase inhibition was 
found to overcome chemoresistance, to induce apoptosis, and 
to inhibit migration in chondrosarcoma cell lines with TP53 
mutations [30].

 Adjuvant Chemotherapy

Most low-grade and clear-cell chondrosarcomas are considered to 
be chemoresistant. The low mitotic rates of these tumors theoreti-
cally would make them both chemo- and radiation resistant. 
Moreover, it is felt that the abundant hyaline cartilaginous matrix 
can prevent the penetration of chemotherapy into the cellular 
niche. Expression of the drug resistance gene P-glycoprotein and 
high expression of anti-apoptotic, bcl-2 family members, are 
putative causes of resistance to systemic therapy. There is no evi-
dence to suggest a benefit of adjuvant systemic therapy in low- 
grade chondrosarcoma [31, 32].

Some small retrospective studies have shown a trend toward 
better outcomes for the use of adjuvant chemotherapy in patients 
with dedifferentiated chondrosarcoma and chondrosarcoma that 
arises within an osteochondroma [33, 34]. However, a large ret-
rospective study showed no significant difference on the rate of 

A. S. Singh et al.



259

disease-free survival in patients receiving adjuvant chemother-
apy [9].

Adjuvant or neoadjuvant chemotherapy seems to be useful in 
mesenchymal chondrosarcoma, a variant that contains amount of 
small round cell and less cartilage content. Huvos et al. reported a 
pathological response from neoadjuvant cisplatin and doxorubi-
cin or T10 regimen as in osteosarcoma [35]. Moreover, a retro-
spective study showed that the administration of chemotherapy in 
patients with localized mesenchymal chondrosarcoma signifi-
cantly reduced the risk of recurrence and prolong 5-year and 
10-year overall survival; however, no details of the chemotherapy 
regimens used are presented in this study [7].

 Treatment of Metastatic Disease

 Chemotherapy

The majority of metastatic chondrosarcoma has a modest or 
no response to conventional chemotherapy. However, 
anthracycline- based chemotherapy may lead to objective 
responses in dedifferentiated and mesenchymal variants. The 
median progression-free survival for these subtypes with 
anthracycline-based therapy ranges from 3.7 to 7 months [7, 17, 
36, 37]. The most effective regimen is still unclear (Table 11.1). 
A study by Italiano et al. showed that combination chemother-
apy including doxorubicin/ifosfamide, doxorubicin/ifosfamide/
cisplatin, and cisplatin/doxorubicin is associated with a longer 
progression-free survival compared to single agent regardless 
of subtype [37]. In contrast, the report by Annemiek et  al. 
revealed no differences in progression- free survival benefit in 
dedifferentiated chondrosarcoma treated with combined che-
motherapy or single agent [17]. Most patients with mesenchy-
mal chondrosarcoma in the historical studies received 
anthracycline-containing multi-agent regimens [7, 11, 17, 36, 
37]. The benefit of palliative chemotherapy on PFS and OS is 
inconsistent.
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 Novel Therapy

The efficacy of current systemic agents for chondrosarcoma is 
limited. More detailed molecular studies to identify the oncogenic 
drivers are needed for development of targeted therapy in these 
diseases. A few signaling cascades have been reported to date 
including the VEGFR, IDH1/2, hedgehog signaling pathway, and 
Src pathways [39].

 VEGFR Inhibitor

Angiogenesis is the most common oncogenic pathway in various 
cancers. A phase II study by Chow et al. demonstrated the activity 
of pazopanib 800 mg daily against all grade of metastatic conven-
tional chondrosarcoma. The disease-control rate at 16 week was 
43%, and the median overall survival was 17.6  months (11.3–
25 months) [40].

 Src Inhibitor

The Src pathway has been linked in sarcomas to promoting cell 
proliferation, migration, and angiogenesis [29, 41]. Src dysregu-
lation has been found in many types of sarcoma tissue including 
osteosarcoma, leiomyosarcoma, Ewing sarcoma, and chondrosar-
coma [29, 42].

Dasatinib is a small molecule inhibitor of the Src family of 
kinases, platelet-derived growth factor receptors α and β, c-KIT, 
BCR-ABL, and ephrin receptor kinases. SARC 009, a single-arm 
phase II trial, showed 6-month PFS in patients with metastatic 
chondrosarcoma treated with dasatinib 70  mg twice daily was 
47%, and 2-year and 5-year overall survival was 56% and 9%, 
respectively [43].
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 IDH1/2 Inhibitor

IDH plays an important role in the regulation and tumorigenesis 
of chondrosarcoma. Treatment with AGI-5198, a specific  inhibitor 
of mutant IDH1, has been shown to reduce production of 2-HG by 
up to 90% across a number of chondrosarcoma cell lines harbor-
ing endogenous IDH1 mutation [44]. Preliminary data from phase 
1 clinical trials enrolling patients with cancers harboring an IDH1 
mutation indicate that AG-120 has an acceptable safety profile 
and clinical activity in patients with relapsed/refractory mutant 
IDH1 tumor including acute myeloid leukemia, gliomas, and 
cholangiocarcinoma [45–48]. A recent phase I study by Trent 
et al. showed a median progression-free survival of 5.6 months in 
patients with metastatic IDH-1-mutant chondrosarcoma and with 
56% with stable disease as best response [49].

 Histone Deacetylase Inhibitor

Dysregulation of histone modification is commonly found across 
a broad range of cancer types and has emerged to be the novel 
therapeutic target. Preclinical study showed the effects of histone 
deacetylase inhibitors on the induction of differentiation in chon-
drosarcoma cells [50].

 Immunotherapy

Preclinical evidences suggested that higher grade and dedifferen-
tiated chondrosarcomas are associated with the presence of pre-
dictive biomarkers for response to immunotherapy [51, 52]. 
Studies of PD-L1 expression demonstrated that 41% of dediffer-
entiated chondrosarcoma expressed PD-L1 by IHC and correlated 
with high number of TILs. On the contrary, conventional, mesen-
chymal, and clear-cell subtype did not express PD-L1 [51]. 
Moreover, expression of PD-L1 was also associated with younger 
age, larger tumor, and early recurrence in which combined PD-L1/
PD-L2 expression was analyzed [52]. The findings hint at the 
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potential for immune checkpoint blockade for treatment of dedif-
ferentiated chondrosarcoma. However, there is a paucity of evi-
dence to support the clinical benefit of this approach. SARC 028, 
a single-arm phase II trial, demonstrated that only one patient 
with a dedifferentiated chondrosarcoma had partial response with 
pembrolizumab [53]. Similarly, a retrospective study by Paoluzzi 
et al. reported a partial response in a patient with dedifferentiated 
chondrosarcoma treated with nivolumab [54]. However, the phase 
II prospective, randomized controlled trial (Alliance 091401) 
revealed no clinical benefit of either nivolumab alone or the 
nivolumab/ipilimumab combination in chondrosarcoma [55]. For 
other chondrosarcoma subtypes, only case reports are available 
about the activity of immune checkpoint inhibitors. Wagner et al. 
reported near complete response in a patient with a PD-1-negative 
conventional chondrosarcoma treated with nivolumab [56]. 
Several studies for combination immunotherapy in bone sarcoma 
including chondrosarcoma are ongoing (Table 11.2).

Table 11.2 Clinical studies of immunotherapy for chondrosarcoma

Trial Subtype and treatment Outcome

Alliance 091401, 
phase II, randomized 
controlled trial [55]

Nivolumab arm: 
dedifferentiated (n = 1), 
extraskeletal myxoid 
chondrosarcoma (n = 1)
Nivolumab+ipilimumab 
arm: dedifferentiated 
(n = 1), Extraskeletal 
myxoid chondrosarcoma 
(n = 1)

No clinical benefit

SARC 028 [53] Pembrolizumab: 
dedifferentiated (n = 5)

Partial response one 
of five patients 
(20%)

Wagner et al. [56] Nivolumab: conventional 
(n = 1)

Partial response

NCT03190174, 
phase I/II

Nivolumab+ ABI-009 
(nab- rapamycin)

Ongoing

NCT02636725, 
phase II

Pembrolizumab+axitinib Ongoing

NCT02982486, 
phase I,II

Nivolumab+ipilimumab Ongoing
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 Conclusion

Chondrosarcoma subtypes differ in their biology, clinical appear-
ance and behavior, prognosis, and response to therapy. Due to 
their rarity and diversity, chondrosarcomas should be managed by 
multidisciplinary teams in high volume centers consisting of 
orthopedic oncologists, radiologists, radiation oncologists, 
pathologists, and medical oncologists. Treatment of advanced 
stage chondrosarcoma remains challenging as no known effective 
systemic therapy is currently well established. Novel targeted 
drugs and immunotherapy remain under investigation in the pre-
clinical and clinical studies.
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 Introduction

In cases requiring anterior or lateral resection of central pelvic 
and lumbar spine chondrosarcomas, careful evaluation by ortho-
pedic, vascular, and general surgery teams is critical to optimizing 
surgical outcomes. Appropriate preoperative imaging and multi-
disciplinary planning contribute to a well-informed operative 
strategy and optimal outcomes in this younger patient population.

 Imaging

In addition to plain radiographs or magnetic resonance imaging 
(MRI) obtained for diagnosis and staging, computed tomography 
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(CT) imaging of the abdomen and pelvis with arterial and venous 
phases should be performed in cases requiring lumbar spine or 
pelvic resection. The pelvic venous vasculature should be 
 evaluated for patency, abnormal collateralization, and any ana-
tomic involvement with tumor. Any congenital anatomic abnor-
malities, including duplicated inferior vena cava (IVC), left-sided 
IVC, or May-Thurner iliac vein compression, should also be 
assessed and noted. If there is a concern for deep venous throm-
bosis (DVT) due to tumor compression or invasion, duplex ultra-
sound of the pelvis and lower extremities will provide additional 
information to help guide the use of preoperative anticoagulation, 
inferior vena cava filters, and consideration of venous ligation 
intraoperatively. The arterial anatomy should be similarly evalu-
ated for any stenosis, aneurysmal disease, or intimate involvement 
with tumor. CT angiography will delineate the aortic anatomy 
with precise detail to determine whether arterial reconstruction 
will be necessary and to what extent. As with the venous system, 
noninvasive evaluation of the arterial system with duplex ultra-
sound imaging and ankle- brachial indices may also be beneficial 
to determine a baseline level of perfusion to the lower extremity, 
particularly in a patient who has any degree of atherosclerotic dis-
ease. Additionally, the aortic bifurcation and iliac arteries should 
be carefully evaluated for calcification, as this may limit the abil-
ity to mobilize and manipulate these vessels safely intraopera-
tively (Fig.  12.1). In cases of pelvic resections and planned 
internal iliac artery ligation, the internal iliac anatomy should be 
evaluated for the level of bifurcation and branching. Similarly, the 
contralateral side should be evaluated for patency to maintain 
cross pelvic perfusion. For patients with prior abdominal surgery, 
the presence or absence of anatomic tissue planes may be evalu-
ated, as well as the presence of any abdominal mesh.

In cases with planned Tomita saw placement via a posterior 
approach, contrast CT imaging should always be done preopera-
tively to identify any lumbar arteries or veins that may otherwise 
be inadvertently caught during saw placement. When saw place-
ment between the vessels and spine is done with direct visualiza-
tion from an anterior approach, interval contrast CT imaging is 
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still necessary prior to the posterior portion stage to ensure no saw 
migration has occurred (Fig. 12.2).

For those patients unable to tolerate intravenous contrast due to 
increased risk of contrast-induced nephropathy in the setting of 
chronic kidney disease, a magnetic resonance angiogram (MRA) 
with gadolinium or MRA with Feraheme may be considered, 
depending on the patient’s level of kidney dysfunction.

Fig. 12.1 Sagittal preoperative CT scan. Hyperenhancement along the aortic 
wall represents significant calcification. This can make the vessel wall friable 
and less mobile during exposure as well as difficult to control with vascular 
clamps. Care should be taken prior to manipulating calcified vessels to avoid 
dislodging plaque and tearing the vessel wall
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 Preoperative Considerations

A clear understanding of the extent of dissection and involved 
anatomic structures will inform any consideration for preopera-
tive intervention and assist in eventual tumor resection. Physical 
examination remains a fundamental aspect of the preoperative 
evaluation. A lower extremity pulse exam should be well docu-
mented and can alert the provider to any existing peripheral or 
central arterial occlusive disease. Unilateral leg swelling can sug-
gest existing acute or chronic venous changes and may warrant 
further ultrasound evaluation. Thorough and complete physical 
examination along with careful review of the axial imaging will 
assist with multiple preoperative considerations, including the use 
of IVC filters, periprocedural ureteral stenting, and arterial or 
venous stenting, as well as assess the probability of intraoperative 
vessel ligation.

a b

Fig. 12.2 (a) Intra-op placement of Tomita saws from an anterior approach. 
In this case, the saws are placed under direct visualization posterior to the 
ureter and iliac vessels and anterior to the spine. The saws are held in place by 
two surgical tacks, as shown. The free end of the saws, seen in a protective 
silicone sleeve here, is retrieved posteriorly during the second stage of the 
corpectomy with patient prone. (b) Axial images from interval CT scan. An 
interval CT scan between the anterior and posterior stages confirms that the 
saws lie between the spine and vessels. This is essential to avoiding cata-
strophic hemorrhage from accidental vascular injury in the prone position
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Preoperative IVC filter placement should be considered in all 
cases of patients with existing iliofemoral DVT or caval throm-
bus. Filters should ideally be placed in a patent portion of the 
infrarenal IVC, although there may be instances where they are 
placed in a suprarenal position due to thrombus burden. Filter 
placement should also be considered in patients with planned 
acetabular resection and prolonged immobilization. Given the 
extensive raw surface dissection involved in most resections, a 
majority of patients are not able to receive prophylactic or thera-
peutic anticoagulation, and all of these patients by definition are 
high risk for DVT and thromboembolism. Temporary filters 
should be removed as soon as patients are able to tolerate antico-
agulation to avoid potential thrombus propagation and any long- 
term sequela of indwelling IVC filters.

In cases of prior retroperitoneal surgery or possible fibrosis/
scar development secondary to prior radiation, preoperative ure-
teral stenting should be considered. Although prior studies have 
not shown reduced rates of transection, preoperative stenting may 
assist with locating the ureter as well as identification of injuries 
intraoperatively.

Finally, in cases of obvious tumor invasion into the arterial vas-
culature or evidence of obliteration of the peri-adventitial plane, 
placement of covered stents in the arterial or venous system may 
be considered to help avoid uncontrolled blood loss during resec-
tion. If preoperative stenting is not done, access to bilateral femo-
ral arteries should be considered during positioning and prepping 
to allow for possible endovascular balloon control of the iliac ves-
sels. Temporary balloon control can be utilized in instances where 
proximal and distal dissection and clamping is not possible due to 
tumor mass. However, this requires a hybrid operating room or 
fluoroscopy to safely pass and position the intra-arterial support 
wires and balloon.

 Operative Exposures

The surgical incision is based on the extent of tumor and planned 
resection. When possible, a retroperitoneal exposure is preferred 
to a transperitoneal approach to lessen the incidence of postopera-
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tive ileus. However, the extent of the tumor and the possible 
involvement of the intra-abdominal contents may necessitate a 
transabdominal approach to safely remove the tumor en bloc. A 
midline or paramedian retroperitoneal exposure may be sufficient 
for exposure of the L2–5 lumbar spine and sacrum. Resections 
requiring access to the sacrum and pelvis may require a lateral 
flank incision, and in the most extensive cases, a thoracoabdomi-
nal incision in the lateral position may be necessary for complete 
vascular control and tumor resection. Regardless of exposure, 
preoperative pulse exam and placement of toe pulse oximetry are 
essential to assure perfusion to the lower extremities throughout 
the operation.

Our practice is to use the Gadelius Omni-Tract retractor to 
assist with surgical approach. Appropriate clearance and rail 
placement on the operating room table should be verified prior to 
prepping and draping to allow for the retractor post to be opti-
mally secured intraoperatively. Also, consideration to the use of 
intraoperative imaging with either fluoroscopy or navigation must 
be made as the retractor may interfere with the imaging device 
itself or the quality of the imaging. Our experience has found the 
adjustable configuration and blade selection most conducive to 
deep pelvis retroperitoneal dissections compared to the retractor 
systems which are designed primarily for anterior lumbar fusion 
surgery.

 Midline/Paramedian Incision
The midline incision is ideal for tumors isolated to the lumbar 
spine and sacrum. Patients are positioned supine with both arms 
out. The abdomen and bilateral groins are included in the surgical 
field. The anterior fascia is divided longitudinally off of the mid-
line, and the retro-rectus space is entered at the midline. The ret-
roperitoneal space can be entered on the right or left, depending 
on the location of tumor. This retroperitoneal plane is developed 
first laterally and inferiorly, allowing the peritoneal sac to be 
mobilized to the contralateral side. Using a combination of man-
ual dissection and gentle traction, the parietal peritoneum is dis-
sected free from the periaortic fat and rolled medially to expose 
the iliac bifurcation and lower lumbar spine. As the dissection is 
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carried cephalad, the peritoneum must be dissected from the pos-
terior sheath and the posterior sheath divided to allow complete 
exposure.

The ureter should be identified and protected. The ipsilateral 
iliac artery will be most anterior, with the vein underneath. Prior 
to complete mobilization of the aortic bifurcation and the caval 
confluence, the middle sacral artery and iliolumbar vein should be 
identified and ligated at the L5 level. For dissections extending 
into the pelvis, the internal iliac artery and vein may be ligated to 
allow for further mobilization and complete tumor resection. If 
there is a planned sacral or pelvic resection, we routinely ligate 
the internal iliac artery and vein on the side of the tumor from an 
anterior approach to minimize blood loss during the second stage 
posterior, prone approach when the tumor is removed.

 Iliofemoral/Rutherford Morrison Incision
A lateral “hockey-stick” incision is most appropriate in cases with 
lateral tumor invasion necessitating access to the spine as well as 
iliac crest and acetabulum. The patient is positioned in a lateral 
position, again dependent on the side of tumor involvement. The 
ipsilateral arm is placed in an airplane above the head, and a 
shoulder roll is placed under the chest. The operating table may be 
hyperextended to open the space between the costal margin and 
iliac crest. The lower body is kept in a supine position as able, to 
allow access to both femoral vessels. The dissection is carried 
down through the subcutaneous tissues and oblique muscles to 
identify the transversalis fascia. This fascia is carefully divided 
and separated from the peritoneum, which is then swept medially 
away from the abdominal wall.

The retroperitoneal space is developed as previously described. 
This dissection can be extended caudally to the pelvis across the 
inguinal ligament into the thigh and cephalad along the lumbar 
spine (Fig.  12.3). If necessary, the lumbar vessels should be 
ligated close to the aorta prior to more cephalad mobilization.

 Thoracoabdominal Incision
In cases requiring resection of tumor from the thoracic and lum-
bar spine, a thoracoabdominal incision and retroperitoneal expo-
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sure is required. The patient is positioned in a lateral decubitus 
position with the shoulder 60° to the table, as detailed above. 
Based on the necessary level of exposure, the incision is started in 
the intercostal space between ribs five and 11 and extended cau-
dally and medially (Fig. 12.4). This incision can be limited to the 
thoracic cavity if appropriate.

The thoracic dissection is carried through the latissimus dorsi, 
anterior serratus, and intercostal muscles to enter the pleural space 
after switching to single lung ventilation. The anterior portion of 
the inferior rib may be resected for greater exposure. The abdom-
inal dissection is continued down through the anterior fascia, 
external and internal oblique, and transversalis muscles to iden-
tify the peritoneum.

Once the peritoneum is identified, it is separated from the 
abdominal wall using a combination of manual dissection and 
gentle traction. The peritoneum and the abdominal viscera, 
including Gerota’s fascia and the kidney, are retracted medially to 
reveal the retroperitoneal fat. The plane between the retroperito-
neal fat and the psoas muscle is then created bluntly and traced 
superiorly to the diaphragm. The ureter should again be identified 
and protected as it crosses the iliac bifurcation caudally. The dia-

a b

Fig. 12.3 (a) Resection of large pelvic tumor. A flank incision was extended 
across the inguinal ligament into the thigh to facilitate retroperitoneal expo-
sure and resection of a pelvic chondrosarcoma. The patient is positioned in 
lateral decubitus with head to the left. The tumor has been lightly shaded for 
clarity. (b) Shown is a 3D reconstruction of the tumor removed above. Con-
trol of the IVC, bilateral internal iliac artery and veins and right external iliac 
were required during this resection
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phragm is divided circumferentially, allowing greater mobility of 
the aorta and exposure of the anterolateral spine between the tho-
racic and abdominal compartments. Careful, circumferential dis-
section and mobilization of the aorta if on the left, and cava if on 
the right, is then done in preparation for tumor resection.

During closure, the diaphragm is first reapproximated and 
closed posteriorly and laterally. The bed is unflexed and the chest 
wall is then brought together prior to completion to facilitate a 
tension-free repair. The posterior sheath is closed if possible, fol-
lowed by closure of the anterior fascia. The intercostals and 
 latissimus fascia are then reapproximated prior to subcutaneous 
and skin closure.

 Vascular Reconstruction

In instances of vessel involvement or injury during resection, 
restoring both arterial and venous anatomies should be done 
whenever possible. However, location, extent of vascular injury, 

Fig. 12.4 Thoracoabdominal exposures. With patient in a lateral decubitus 
position, the thoracic and retroperitoneal cavities can be entered separately or 
as one to access the lumbar and thoracic spine. Shown are skin incisions at the 
11th (purple), 9th (green), and 7th (blue) intercostal spaces used to reach the 
spine and overlying vascular structures
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available conduit, and patient hemodynamics must all be consid-
ered prior to undertaking any reconstruction. In the case of venous 
injury or tumor involvement, ligation of bilateral internal iliac 
veins is well tolerated. Ligation of the external or common iliac 
veins may be necessary in the case of complete transection; how-
ever, repair should be attempted to avoid significant lower extrem-
ity venous congestion and swelling.

Arterial ligation is less well tolerated, and while unilateral 
internal iliac artery ligation can be done routinely, bilateral liga-
tion carries the risk of buttock ischemia. In cases of prior colonic 
surgery (and interruption of the collateral system), bilateral inter-
nal iliac artery ligation should be not be performed in order to 
avoid pelvic ischemia. In-line flow through the iliofemoral arterial 
system must be maintained to avoid limb ischemia in these 
patients. Small, transverse arteriotomies may be repaired with 
interrupted prolene sutures, while larger, longitudinal injuries 
may require patch repair with bovine pericardium or vein. 
Transection or resection due to tumor involvement requires 
healthy artery both proximally and distally for a tension-free 
interposition bypass graft. Dacron graft, as the most expedient 
conduit with good long-term patency in this population, may be 
used in a noninfected field. Cryo-artery can be considered in cases 
with a concern for infection, although this comes at a significant 
financial cost and time necessary for graft preparation. If arterial 
tumor involvement is suspected, perioperative stenting or endo-
vascular control should be considered, as detailed above.

 Postoperative Care

The initial postoperative care of these patients is again best man-
aged by a collaborative effort, involving both the orthopedic and 
vascular surgery teams. In patients without peritoneal violation, a 
diet can be started postoperative day one and advanced as toler-
ated. In patients with significant bowel or peritoneal sac manipu-
lation, return of bowel function should be confirmed prior to oral 
intake. Retroperitoneal exposure largely results in faster recovery 
times; however, any concern for bowel obstruction warrants a CT 
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scan to rule out intraperitoneal hematoma or, rarely, bowel incar-
ceration in cases of unidentified peritoneal violation.

All patients should be closely monitored for unilateral leg 
swelling suggestive of DVT. Bilateral SCDs should be placed in 
all cases, and early mobilization as allowed may help mitigate the 
risk of DVT in this high-risk population. Prophylactic anticoagu-
lation should be started as soon as deemed appropriate by both 
surgical teams.

Given the extensive nature of many of these surgical resec-
tions, patients are also at risk of hernia formation during recovery. 
Larger thoracoabdominal incisions with potential denervation of 
the subcostal nerves are especially high risk. An abdominal binder 
is recommended during initial mobilization and the early postop-
erative period. Lifting and abdominal straining should be restricted 
for at least four weeks following surgery.

 Conclusion

Despite a variety of advances in other modalities of treatment, 
surgical resection of pelvic and lumbar spine chondrosarcomas 
remains the mainstay of definitive therapy. As we have outlined 
here, with appropriate planning and multidisciplinary approaches 
to such tumors, optimal outcomes may be obtained even in the 
most complex of cases.
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 Introduction

Chondrosarcoma (CS) is a malignant cartilage-producing tumor 
with an estimated incidence of 0.5/100,000 per year, which 
accounts for 20–30% of all primary bone malignancies [1]. The 
majority of cases occur in patients over 50  years of age, and 
there is a slight male predominance [2]. CS arising de novo are 
termed primary CS, and those developing in preexisting benign 
cartilaginous lesions such as osteochondroma or enchondroma 
are called secondary CS.  The primary conventional type 
accounts for 85–90% of all CS and is subdivided into central, 
periosteal, and peripheral subgroups according to its bony tissue 
origin [1]. The most commonly affected sites are the pelvis, fol-
lowed by the metaphysis or diaphysis of the proximal femur and 
humerus, distal femur, and ribs. Less than 1% of all CS arise in 
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the small bones of the hands and feet. Nonconventional variants 
of CS include clear cell CS, mesenchymal CS, and dedifferenti-
ated CS [1].

CS is characterized by its diverse histopathology, clinical 
behavior, and therapeutic sensitivities. Complete surgical resec-
tion with uninvolved margins, with or without adjuvant treat-
ment, remains the mainstay treatment for patients with localized 
chondrosarcoma [3, 4]. To date, no chemotherapeutics have 
proven effective in the treatment of conventional or clear cell 
CS, while adjuvant anthracycline-based combination chemo-
therapy has modest efficacy in mesenchymal CS [5, 6]. In dedif-
ferentiated CS, adjuvant chemotherapy markedly improves 
disease-free survival compared to resection alone [7]. 
Chemotherapeutic protocols for advanced CS are controversial 
and rely on data extrapolated from osteosarcoma treatment regi-
mens of cisplatin and doxorubicin. Specifically, previous studies 
have shown that patients with conventional CS treated with 
doxorubicin monotherapy had a mean progression-free survival 
(PFS) of 2.5 months, while those who received a combination 
treatment of cisplatin and doxorubicin had PFS of 3.6 months 
[8, 9]. Interestingly, antihormonal treatment, such as aromatase 
inhibitors, demonstrated a better mean PFS of 6.7 months [8]. In 
a recent study of 865 CS patients in the national cancer data-
base, no survival benefit was observed with chemotherapy [10]. 
Additionally, there was no statistically significant 5-year overall 
survival benefit for stage III CS patients treated with chemo-
therapy, which was 60.6% compared to 58.6% without chemo-
therapy (p = 0.709). Similar results were reported for patients 
with stage IV CS treated with chemotherapy compared to those 
without chemotherapy (5-year overall survival at 28.2% and 
31.2%, respectively (p = 0.366)). These findings highlight the 
urgent need for novel and potentially more effective therapeutic 
strategies. In this chapter, we discuss the current research sur-
rounding molecular targets in CS and comprehensively describe 
the ongoing clinical trials evaluating novel approaches for CS 
treatment, as shown in Table 13.1.
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 Targeted Therapies

 IDH Inhibitors

Isocitrate dehydrogenase (IDH) is an NADP+-dependent enzyme 
that collateralizes the oxidative decarboxylation of isocitrate to 
α-ketoglutarate in the Krebs cycle. In one previous study, somatic 
mutations of IDH1 and IDH2 were identified in approximately 
50% of patients with CS and cartilaginous tumors [11]. These 
mutations resulted in the accumulation of a putative oncometabo-
lite, 2-hydroxyglutarate (2-HG) [12]. Widespread DNA hyper-
methylation and impaired cell differentiation was observed in an 
IDH2 mutant-expressing mouse model of mesenchymal progeni-
tor cells. These progenitor cells eventually led to the formation of 
undifferentiated sarcomas [13]. In a retrospective study of 80 CS 
patients, activating IDH1/2 mutations were found in 34% of 
patients and correlated to a shorter 5-year overall survival rate of 
64% compared to 93% in those without such mutations [14]. 
These mutations were found in 21% of grade 1 CS patients, 39% 
of grade 2 CS patients, and 44% of grade 3 CS patients [14]. 
Theoretically, inhibition of mutated IDH1  in CS cells should 
decrease 2-HG production, therefore restoring normal cell differ-
entiation and anticancer effects.

Ivosidenib or AG-120 is an oral inhibitor of mutant IDH1 that 
has been studied in a phase I trial of patients with IDH1 mutant 
chondrosarcomas. The drug was well tolerated and showed prom-
ising clinical activity in 21 enrolled patients with advanced chon-
drosarcoma, with 52% showing disease-stabilizing effects and a 
median PFS of 5.6 months [15]. The 6-month PFS rate was 39.5%. 
Since 62% of the patients did not have dedifferentiated histology, 
the authors suggested ivosidenib may in fact be more effective in 
conventional CS.  Additionally, no dose-limiting toxicities 
occurred, and common adverse events were grade 1 or 2. Of the 
escalating doses evaluated, the 500 mg oral once-daily dose was 
the most efficacious and achieved maximum inhibition of plasma 
2-HG levels in the first 28 days. Up to 98.6% reduction in plasma 
2-HG levels was reported in tumor specimens compared to their 
baseline values. Another phase I trial using another oral IDH1 
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inhibitor, FT 2102, has shown efficacy in patients with relapsed 
and refractory acute myeloid leukemia (AML) and myelodysplas-
tic syndrome (MDS) and has garnered interest in other IDH1 
mutated solid tumors including CS (NCT03684811).

The R140-IDH2 mutation has also been described in three very 
high-grade conventional CS [14]. Enasidenib, a specific IDH2-R140 
inhibitor, was recently approved by the FDA for refractory and 
relapsed AML. Accordingly, this new targeted drug gained interest 
for its potential use in CS patients with the IDH2- R140 mutation. 
There is an ongoing phase I/II study in advanced solid tumors such 
as CS currently underway (NCT01915498).

 Angiogenesis Inhibitors

Neovascularization in cartilaginous tumors is associated with 
clinical aggressiveness and metastasis [16, 17]. Multiple antian-
giogenic drugs such as tyrosine kinase inhibitors and monoclonal 
antibodies targeting vascular endothelial growth factor (VEGF) 
have been approved for clinical use in various cancers. For 
instance, pazopanib is an oral tyrosine kinase inhibitor that sup-
presses the VEGF pathway in murine CS xenografts [18]. One 
retrospective study with ten advanced CS patients including seven 
with conventional CS published results on pazopanib and ramuci-
rumab as antiangiogenic therapy [19]. Seven patients achieved 
stable disease over 6 months. One patient with conventional CS 
who received ramucirumab had stable disease for 23 months. The 
median PFS was 22.6 months [19]. The most common adverse 
effects were hypertension and fatigue [19]. Another study evalu-
ated pazopanib as a single agent in 47 patients with unresectable 
and metastatic conventional CS [20]. In this study, 43% of the 
patients met the disease control rate at 16  weeks. The median 
overall survival was 17.6 months, and one patient had a partial 
response [20]. Median PFS was 7.9  months. Hypertension and 
increase alanine aminotransferase were the most common grade 3 
adverse reactions [20].

Regorafenib is another oral multi-kinase antiangiogenic drug 
that has been approved for patients with refractory colorectal can-
cers and gastrointestinal stromal tumors. Recently, a phase II ran-

13 The Future of Chondrosarcoma Research and Treatment



290

domized, double-blinded, controlled trial including four parallel 
independent cohorts described the efficacy of regorafenib as a 
single agent in patients with osteosarcoma, Ewing sarcoma, CS, 
and chordoma [21]. The osteosarcoma treatment cohort showed 
65% of the patients to have stable disease at 8 weeks compared to 
none in the placebo group [21]. Serious adverse events were 
reported in 13 patients including chest pain, hypertension, hand- 
foot skin reaction, fatigue, and hypophosphatemia. However, the 
results of CS cohort are not yet available [21].

 Cyclin-Dependent Kinase Inhibitors

Cyclin-dependent kinase (CDK) inhibitors are widely used in the 
treatment of advanced breast cancer and have shown benefit in 
liposarcoma [22]. A previous study evaluated CDK4 expression 
in CS tissue samples and reported that heightened CDK4 expres-
sion was associated with greater rates of metastasis and recur-
rence [23]. Treatment with the CDK4/6 inhibitor, palbociclib, 
attenuated CDK4 and inhibited CS cell viability via regulation of 
the CDK4/RB signaling pathway. These findings suggest CDK is 
a promising therapeutic target for future clinical trials. Abemaciclib 
is currently being studied in a phase II clinical trial in advanced 
soft tissue and bone sarcomas including CS (NCT04040205). 
Previously, abemaciclib was studied as a monotherapy for patients 
with advanced breast cancer in the MONARCH- 3 trial [24]. 
Treatment-related adverse events were mostly grade 1 or 2, with 
diarrhea being the most commonly reported side effect.

 Tyrosine Kinase Inhibitors and the Mammalian 
Target of Rapamycin (mTOR) Pathway

A phase II trial of imatinib, a PDGFR/C-KIT tyrosine kinase 
inhibitor, and dasatinib, a tyrosine kinase inhibitor, could not 
demonstrate clinically meaningful activity in CS despite promis-
ing preclinical results [25, 26]. Another recent study reported that 
treatment with dasatinib resulted in sensitization for doxorubicin 

P. Thanindratarn et al.



291

treatment in TP53 mutant CS cell lines, therefore suggesting its 
potential roles in combination therapy regimens [27].

Phosphorylated S6, a downstream marker in the mTOR path-
way, has increased activity in up to 69% of conventional CS and 
44% of dedifferentiated CS [28]. In addition, the dual PI3K/
mTOR inhibitor BEZ235 has been shown to inhibit the CS cell 
line JJ012 in vitro and in an in vivo murine xenograft, suggesting 
the crucial role of the mTOR pathway in CS treatment [28]. In 
another study, everolimus monotherapy showed a suppressive 
effect on CS; however, it had no synergistic effects when com-
bined with doxorubicin [29]. In a study of ten unresectable CS, a 
combination treatment of sirolimus with cyclophosphamide dem-
onstrated a median PFS of 13.4 months [30]. One patient achieved 
an objective response, and six patients had stable disease for six 
or more months. Grade 3 to 4 treatment-related adverse events 
were observed in four patients in the form of lymphopenia. Other 
common side effects included asthenia, anemia, nausea, stomati-
tis, and skin rash. These studies indicate that mTOR inhibition 
alongside other chemotherapies may stabilize the disease; how-
ever, careful consideration of the side effects is required prior to 
administration.

 Osteoclast Inhibitors

Several components of the tumor microenvironment, such as 
osteoclasts, have shown to influence the growth of CS in preclini-
cal studies [31, 32]. In a murine CS model, zoledronic acid pre-
vented cortical bone destruction, inhibited trabecular bone 
resorption, and resulted in decreased tumor volume in the bone 
[32]. To evaluate zoledronic acid as a therapeutic option in human 
CS, there is an ongoing phase IIB trial in patients with any grade 
CS with or without metastasis for whom surgical resection is indi-
cated (NCT03173976). Patients with dedifferentiated CS in the 
trial are permitted if they opt out of the standard doxorubicin- 
based regimen. The standard dose of zoledronic acid is delivered 
3  weeks preoperatively and again postoperatively. The primary 
outcome measure is a comparison of osteoclast density in pre-
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treated biopsy specimens and post-treated resected tumors. 
Overall survival and relapse-free survival are secondary out-
comes. The results are not yet published.

 Epigenetic Inhibitors

 Hypomethylating Agents

As previously described, IDH mutations may impair histone 
demethylation and create a hypermethylated phenotype in CS cell 
lines, resulting in a block to cell differentiation [33]. Inhibition of 
DNA-methyltransferase by decitabine in the CS cell line 
H-HEMC-SS led to restoration of heparin sulfate 
3-0- sulfotranferase gene expression, thereby decreasing CS cell 
proliferation and tumor invasiveness [34]. Interestingly, however, 
loss of DNA methylation in murine CS cells treated with 
decitabine showed increased tumor growth and invasiveness [35]. 
It is clear that more preclinical research is required to reveal the 
complex epigenetic mechanisms of this pathway.

Recently, a phase IB/II clinical trial evaluated a combination of 
hypomethylating agent decitabine, 5-azacitidine, and gemcitabine 
chemotherapy in patients with bone and soft tissue sarcomas, 
including relapsed refractory CS (NCT02959164) [36]. A partial 
response was observed in a patient with IDH1 mutant CS, but they 
discontinued the study after 7 months due to treatment toxicity. 
Another patient with wild-type IDH CS had progressive disease 
without clinical response after two treatment cycles. These results 
support a combination therapy consisting of a hypomethylating 
agent and chemotherapy for patients with IDH mutant CS. Results 
are ongoing and pending.

 Histone Deacetylase (HDAC) Inhibitor

Preclinical studies have demonstrated several antitumor effects of 
HDAC inhibitors on CS [37]. Histone acetylation is a key epigen-
etic mechanism for regulating gene expression and, when dys-
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regulated, can promote cancer growth. Accordingly, HDAC 
inhibitors suppress cell growth and induce apoptosis in CS cells 
[37]. Of note, four HDAC inhibitors have been approved for 
refractory T cell lymphoma and multiple myeloma treatment. A 
phase II clinical trial of the HDAC inhibitor romidepsin was 
recently completed for treatment of extra-skeletal chondrosar-
coma, with results pending (NCT00112463).

The combination therapy of the HDAC inhibitor suberoyl-
anilide hydroxamic acid (SAHA) and the DNA hypomethylat-
ing agent decitabine was examined in IDH wild type, IDH1 
mutant, and IDH2 mutant CS cell lines both in vitro and in vivo 
[38]. All three of the CS cell lines showed decreased cell viabil-
ity and increased expression of the apoptotic marker poly-ADP 
ribose polymerase (PARP). Another combination regimen of 
the HDAC inhibitor belinostat with the long-acting hypometh-
ylating agent guadecitabine is currently in a phase II clinical 
trial (NCT04340843).

 Immunotherapy

Cancer immunotherapy is rapidly growing subspecialty of oncol-
ogy treatment that artificially stimulates the immune system. It is 
divided into three main categories: tumor vaccinations, adoptive T 
cell transfer, and immune checkpoint blockade. Immune check-
point blockade has shown remarkable clinical outcomes in several 
malignancies. PD-1 is a cell surface protein receptor expressed on 
activated CD8+ T lymphocytes, B cells, and natural killer (NK) 
cells. It has roles in dampening the immune response to deter 
autoimmune disease but can also diminish the cancer immune 
response and therefore a robust therapeutic target. Blockade of the 
PD-1 pathway has proven effective in malignant melanoma, non- 
small cell lung cancer, renal cell carcinoma, breast cancer, and 
various other malignancies [39]. Early phase clinical trials are 
ongoing in bone and soft tissue sarcomas [39].

PD-L1 overexpression was observed in approximately 41% of 
dedifferentiated CS [40]. Despite favorable preclinical results, 
clinical studies of immune checkpoint blockade in CS remain 
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sparse. In the SARC028 trial, one of five dedifferentiated CS 
patients treated with pembrolizumab achieved an objective 
response [41]. A phase I/II clinical trial investigating a combina-
tion of pembrolizumab and doxorubicin in metastatic sarcomas is 
currently underway (NCT02888665).

In a phase II study evaluating the anti-PD-1 antibody 
nivolumab, one patient with dedifferentiated CS showed a partial 
response [42]. Another study reported a favorable response in one 
patient with metastatic conventional CS treated with nivolumab 
[43]. There are several clinical trials currently investigating anti- 
PD- 1 antibodies in sarcomas including CS. A phase IB dose esca-
lation trial of nivolumab combined with ABI-009 (nab-sirolimus) 
is ongoing in patients with bone and soft tissue sarcomas 
(NCT03190174). Initial phase I evidence reports that among nine 
treated patients, two achieved stable disease, and of the seven that 
discontinued treatment, five had progressive disease and two sus-
tained grade 2 adverse effects (acneiform rash and pruritus). 
Phase II is currently ongoing.

Another phase II trial of nivolumab combined with the CTLA-4 
inhibitor ipilimumab is ongoing in patients with unresectable sar-
comas including CS (NCT02982486). A recombinant humanized 
PD-1 monoclonal antibody, toripalimab, is also being evaluated in 
a phase 1 trial across various tumor subtypes including CS 
(NCT03474640).

 Conclusion

The limited therapeutic options in CS make its clinical manage-
ment particularly challenging and prognosis dismal. This is due to 
its resistance to conventional chemotherapies and many of the tar-
geted therapies to date. Future studies are needed to reveal the 
underlying molecular pathways and immunology in CS to inform 
therapeutic regimens. Future clinical management will likely ben-
efit by an improved understanding of differences between CS sub-
types and personalized medicine. Ongoing and prospective 
clinical trials will provide the basis for improved treatment regi-
mens for patients with CS and serve as adjuvants to wide-margin 
surgical resection.
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