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Introduction
As a collection of generally indolent and primary 
bone sarcomas, chondrosarcoma (CS) represents 
the second most common bone tumor after oste-
osarcoma, accounting for 30% of all cases.1,2 CS 
can be a primary tumor or secondary if they 

present from a preexisting benign bone tumor 
such as enchondroma or osteochondroma. CS 
are classified based on histologic grade, using a 
scale of 1–3. Conventional CS is the most preva-
lent subtype, comprising up to 90% of all cases. 
The majority of conventional CS are histologic 
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Abstract: Chondrosarcomas (CSs) consist of a heterogenous group of primary bone cancers 
arising from malignant cells which produce cartilaginous matrix. As the second most 
common primary bone cancer, CS are often resistant to systemic chemotherapy due to poor 
vascularization, slow proliferation, and expression of multidrug-resistant pumps. Immune 
checkpoint inhibitors have transformed the field of oncology and are now designated 
as frontline therapy for many solid tumor cancers. Several studies have demonstrated 
increased expression of programed cell death 1 (PD-1) and PD-L1 in CS tissue in vitro, 
which has led to the development of multiple clinical trials for immunotherapy in patients 
with aggressive CS. In this review, we highlight the ongoing investigation into the role for 
immunotherapy in CS. We also report the case of a 44-year-old female with a history of 
stage IV primary CS of the right shoulder who underwent radical resection with recurrence 
and demonstrated a spectacular sustained response to pembrolizumab at our center. Our 
review highlights the need for further studies investigating the role of immunotherapy in the 
treatment of aggressive bone sarcomas that are resistant to standard surgical resection, 
chemotherapy, and radiation treatment.

Plain language summary 
Chondrosarcoma is a cancer of the cells that make cartilage and is often removed 
surgically. However, when the cancer spreads to other organs such as the lungs or are in 
areas unreachable by surgeons, there are not many effective treatments. While targeted 
treatments are in development, many of them have unclear effectiveness. A new and 
rapidly growing area of cancer treatment is known as immunotherapy, which uses the 
body’s own immune system to kill cancer cells. In this review, we discuss trials in using 
immunotherapy against aggressive forms of chondrosarcoma. We also present the case 
of a patient where an immunotherapy agent called pembrolizumab was highly effective in 
preventing disease progression.
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grade 1–2 and have favorable prognosis due to 
their quiescent nature. A minority of cases (5–
10%), however, present as high-grade (grade 3), 
aggressive tumors with metastatic potential. The 
so-called ‘unconventional CSs’ are considered 
rare. This class includes myxoid, mesenchymal, 
dedifferentiated, juxtacortical, and clear cell vari-
ants. Dedifferentiated CS (DD-CS), which 
begins as low grade and later transforms to a high 
grade, portends the lowest 5-year survival rate 
(11%).3 Mesenchymal CS is highly malignant, 
with histology similar to Ewing’s sarcoma.4 CS is 
further subclassified based on location – central, 
peripheral, or periosteal.5 Central tumors arise 
from the medullary cavity, whereas peripheral 
tumors arise from the bone’s surface. Staging 
(Stages I–III) is based on histologic grade, ana-
tomic compartmental status, and presence of 
metastatic disease. Grade is divided into two cat-
egories, high and low. Anatomic compartmental 
status is based on whether the tumor has grown 
beyond the cortex of the bone or not. Presence of 
metastatic disease is classified as stage III.

The standard of care for conventional CS remains 
serial imaging and surgical resection, which can 
be limited by the location of the tumor and are 
associated with significant morbidity. There are 
no evidence-based systemic therapies for the 
treatment of CS. Conventional CS tends to be 
resistant to chemotherapy, owing to multidrug-
resistant pumps, poor vascularization, slow prolif-
erative index, and expression of Bcl2 proteins.6–9 
With an annual estimated incidence of 1/200,000, 
conducting clinical trials requires a dedicated 
multidisciplinary sarcoma team.

There are currently some agents available for sys-
temic treatment of patients with CS, which 
include targeted therapies directed at biomarkers 
such as mutant isocitrate dehydrogenase (IDH) 
and tyrosine kinases. IDH-1 or IDH-2 mutations 
have been detected in enchondroma, central con-
ventional CS as well as DD-CS.10 A small phase I 
study demonstrated that ivosidenib, a mutant 
IDH-1 inhibitor, and lower plasma oncometabo-
lite levels were associated with stable disease in 
CS patients.11 Tyrosine kinase inhibitors (TKIs) 
and multi-kinase inhibitors have also been stud-
ied in CS. A prospective study by Chow et al.12 
demonstrated pazopanib, an oral TKI, was able 
to mildly prolong progression-free survival (PFS) 
in patients with metastatic or unresectable CS, 
with one patient achieving partial response for 
72 weeks.12 Sunitinib, regorafenib, and dasatinib 

have been found to have some efficacy in extra-
skeletal myxoid CS, CS, and low to intermediate-
grade CS, respectively.13–15

Immune checkpoint inhibitors (ICIs), a type of 
immunotherapy, have transformed the field of 
solid tumor oncology and are now considered front 
line in the treatment of several solid tumor malig-
nancies, including melanoma, non-small cell lung 
cancer, and renal cell carcinoma.16 Given the lim-
ited options for effective systemic therapies in 
recurrent, unresectable, or metastatic CS, several 
clinical trials have begun to investigate the efficacy 
of immunotherapy in CS. This review aims to dis-
cuss the current evidence on immunotherapy in 
CS, drawing from both preclinical and clinical case 
studies. Further, we present a case of a 44-year-old 
female with a history of stage IV primary CS of the 
right shoulder who underwent radical resection 
with recurrence and demonstrated a spectacular 
sustained response to pembrolizumab.

Cancer immunotherapy and the tumor 
microenvironment
Immunotherapy, a class of antineoplastic therapy 
which relies on activating the immune system to 
target cancer cells, has led to tremendous break-
throughs in the treatment of several cancers. ICIs, a 
type of immunotherapy, work to inhibit negative 
regulatory pathways which cancer exploits as a 
mechanism to evade the immune response. 
Programed cell death 1 (PD-1) and cytotoxic T 
lymphocyte antigen 4 (CTLA4) are the two exam-
ples of immune checkpoint proteins which regulate 
the immune response, promoting immune toler-
ance, and preventing hyperactivation.17 Medications 
such as nivolumab and pembrolizumab target 
PD-1, a protein present on the surface of acti-
vated T-cells. Programmed Cell Death Protein 1 
(PD-1), when activated by its ligand Programmed 
Cell Death Ligand 1 (PD-L1), induces anergy 
and blunts the T-cell-mediated immune response 
in an Interleukin-2 (IL-2) dependent manner.18 
This pathway promotes the development of Tregs 
and protects against self-reactive T-cells and auto-
immunity.19 Thus, blocking PD-1 activation leads 
to upregulation of the immune response. 
Ipilimumab, another ICI that targets CTLA4, sim-
ilarly prevents activation of inhibitory signaling 
involved in immune cell suppression.

The tumor microenvironment (TME) of bone sar-
comas is rich in immune infiltrates, including lym-
phocytes (CD3/CD4/CD8), neutrophils, natural 
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killer cells, and macrophages. Tumor-associated 
macrophages (TAMs), are a heterogenous group of 
immune effector cells which play a role in regulating 
the TME.20 Two classes of TAMs have been identi-
fied: M1, which promotes antitumor immune activ-
ity, and M2, which promotes tumor growth and 
metastasis. M2 TAMs promote angiogenesis and 
immunosuppression through the production of sup-
pressive cytokines such as IL-10 and Transforming 
growth factor beta (TGF-β).21 Large numbers of 
M2 TAMs have been shown to correlate with tumor 
growth, invasion, immune evasion, metastasis, 
larger tumor size, and poorer overall survival 
(OS).22,23 Therapies that target T-cell activation 
may heighten immune response and tumor infiltra-
tion in aggressive CS despite the presence of TAMs.

Independent of this immune interplay, one well-
studied predictor of ICI therapy response is the 
tumor mutational burden (TMB), or the number 
of somatic mutations per 1 million DNA bases.24 
Higher TMBs tend to be associated with greater 
response and PFS in patients receiving ICI ther-
apy, although most of the data are from trials 
studying TMB in patients with lung cancer, not 
sarcomas. Interestingly, TMB seems to be rela-
tively low in most sarcomas except for undifferen-
tiated and high-grade sarcomas.25 Additionally, 
bone sarcomas tend to exhibit microsatellite sta-
bility without mismatch repair defects common 
to other solid tumors such as colorectal adenocar-
cinoma.26 It will be important to explore other 
predictive biomarkers for ICI outcomes in 
patients with CS and other bone sarcomas.

Preclinical studies in CS
Checkpoints. Tumor PD-1 or PD-L1 expressivity 
is a promising predictor of the efficacy of ICI ther-
apy.27 Tissue immunohistochemistry (IHC) studies 
have demonstrated robust PD-L1 expression in 
DD-CS but not conventional CS, with PD-L1 
expression detected in 52% of tissue DD-CS speci-
mens and associated with infiltrating lymphocytes 
and Human leukocyte antigens (HLA) Class I 
expression.28 PD-L1 expression in CS has also 
been positively correlated with expression of Ki-67 
and TP53 in CS.29 In another study, tissue analysis 
demonstrated PD-1 expression in 9/10 samples 
from CS tumors but a lack of PD-L1 expression.30 
Further, Zhang et al.31 demonstrated that while the 
majority of tumor cells from CS samples are PD-L1 
negative, positive expression was associated with 
higher histologic grade, either grade 3 or dediffer-
entiated. While lack of tissue PD-L1 expression 

detectable by IHC does not preclude conventional 
CS responses to anti-PD-L1 agents, these studies 
do suggest anti-PD-1 agents such as pembroli-
zumab may be effective in most low-grade subtypes 
of CS.32,33

Immune infiltrate. Tumor-infiltrating lympho-
cytes (TILs) have been shown to be predictive of 
patient outcomes in many solid cancers, including 
ovarian, colorectal, lung, hepatocellular, and renal 
cell.34 For DD-CS tumors in particular, Iseulys 
et  al.35 found that a high density of CD3+ and 
CD8+ TIL is predictive of better OS and high 
CD68+/CD8+ ratio is associated with poor OS 
and metastases at time of diagnosis.35 However, 
the main population of immune cells in the TME 
among DD-CS and conventional CS in this study 
was TAMs. M2 class CD163+ TAMs are associ-
ated with disease progression and metastatic dis-
ease in CS, with tumors characterized by high 
CD8+ and low CD163+ tending to be less invasive 
and smaller in size.36,37 Similarly, a high CD163+ 
TAM infiltrate inversely correlates with PFS and 
is associated with a higher density of intratumor 
microvessels in both conventional and DD-CS.38

Clinical studies in CS
Immune checkpoint inhibitors. Given the rarity of 
disease, there are few clinical trials investigating the 
safety and efficacy of ICIs in the treatment of CS. 
SARC028, a phase II trial investigating anti-PD-1 
antibody pembrolizumab in soft-tissue and bone sar-
coma, including those with advanced CS, found that 
one patient had an objective response, one patient 
had stable disease, and three patients had progres-
sion.39 In another trial investigating pembrolizumab 
in combination with doxorubicin hydrochloride, 
three patients with CS had tumor regression with 
one patient having shrinkage of 26%.40 Interestingly, 
authors found that tumors with histologic evidence 
of TIL (21%) were inversely associated with PFS, 
although it is unclear whether the tumors included 
were CS. A new European single-arm phase Ib/II 
trial investigating anti-PD-1 nivolumab in combina-
tion with anti-angiogenesis TKI sunitinib in patients 
with advanced bone and soft-tissue sarcomas dem-
onstrated a partial response in one patient out of four 
with extra-skeletal myxoid CS.41 Unfortunately, 
patients with conventional CS were not included in 
the phase II study.

Dendritic cells. Dendritic cells (DCs) are a small 
population of antigen-presenting cells in the periph-
eral blood that are integral to T-cell lymphocyte 
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activation. DCs have demonstrated the ability to 
activate the γδ T-cells subclass that exhibits potent 
antitumor activity in vitro.42 However, while Miwa 
et al.43 demonstrated that DC therapies are associ-
ated with upregulation in serum Interferon–
gamma (IFN–γ) and IL-12 levels in patients with 
advanced bone and tissue sarcomas, only 1 patient 
had partial response and the 75% of patients 
(28/37) had disease progression.43 Other clinical 
trials have begun investigating DC therapies in 
patients with bone sarcomas, with disappointing 
preliminary results.44,45

CAR-T cell therapy. Chimeric antigen receptor 
(CAR)-T cell therapy is an exciting new targeted 
therapy that employs the use of synthetic receptors 
to evoke a T-cell response to common tumor anti-
gens and has demonstrated remarkable success 
with the CD19 antigen in B-cell malignancies.46 
Nota et al.47 have designed and studied the use of 
CAR-T cell therapy directed at chondroitin sulfate 
proteoglycan 4, a tumor antigen highly expressed 
in conventional CS, with notable in vitro success. 
Multiple clinical trials are underway to investigate 
the safety and efficacy of CAR-T cell therapy with 
multiple targets including CD276 and GD2 in 
bone sarcomas (NCT05312411, NCT03721068, 
NCT03356782, NCT04864821).

TAMs. Trabectedin, a drug which is poisonous to 
macrophages, has been investigated in soft-tissue 
sarcomas with FDA approval as therapy for met-
astatic liposarcoma or leiomyosarcoma.48 Some 
innovative efforts to target macrophages include 
a melanoma study using Mycobacterium indicus 
pranii (Mw), an immunomodulator that held 
some promise in vitro but failed to have antitu-
mor effect in vivo.49 Inhibiting the pro-tumor 
activity of TAMs remains an area of interest in 
drug development (Table 1).

Case report
Our patient is a 44-year-old woman who pre-
sented in November 2019 with a T1N0M0G2 
stage IIA, 7.8 × 7.5 × 6.3 cm3 right scapula tumor. 
She underwent a radical resection in January 
2020, with reconstruction of right shoulder hemi-
arthroplasty with replacement of the glenoid, 
local muscle rotation flaps to the right upper 
extremity, osteoarticular allograft of the right 
scapula, including the articular surface and con-
tiguous bone, and neuroplasty of the right 

brachial plexus. Pathology was consistent with a 
grade 2 CS with negative margins.

By March 2020, evidence of metastatic disease 
was seen with a 3.5 cm lesion in the shoulder and 
multiple lung nodules seen in MRI and CT. 
Patient was initiated on pazopanib (800 mg oral 
daily). Imaging (9/2020) showed an increase in 
the scapular tumor size to 4.9 × 3.2 × 3.2 cm3, as 
well as increase of lung nodules. Presence of dis-
ease progression led to the discontinuation of 
pazopanib after 2 months of therapy. Radical 
resection of the growing sarcoma was performed, 
with the tumor measuring 7 cm in size. Next gen-
eration sequencing revealed genomic alteration in 
IDH-1 (R132G) and TP53 (L111P), TMB sta-
tus low and microsatellite status stable. Patient 
was started on ivosidenib (500 mg oral daily). 
After two cycles, restaging CT imaging showed 
progression of lung metastases and treatment was 
discontinued (Figure 1 and Table 2).

Patient started on a clinical trial (NCT04340843) 
of guadecitabine and belinostat (2/2021). Again, 
progression of disease was noted after two cycles 
and patient discontinued the clinical trial. She 
began another clinical trial (NCT04553692) of 
IGM-8444. Worsening pulmonary metastasis 
were noted after six cycles, and the clinical trial 
was discontinued.

After failure of four prior lines of treatment, the 
patient reported marked shortness of breath and 
unrelenting cough. She was started on pembroli-
zumab (200 mg IV q3 weeks), off label. The 
patient underwent imaging to assess response to 
therapy after every four cycles of pembrolizumab. 
Imaging showed a generalized decrease in size of 
pulmonary nodules and metastatic mediastinal 
and hilar lymph nodes. As well, patient reported 
resolution of cough and dyspnea. As her tumor 
volume decreased significantly, a right supraclav-
icular tumor grew, prompting a radical resection 
of the 6.1 cm right shoulder CS. Pathology 
reported approximately 40–50% necrosis of CS. 
Follow-up CT of the neck, chest, abdomen-pelvis 
showed marked improvement of the disease, with 
a significant decrease in right lung metastases. 
After 20 cycles of pembrolizumab, MRI imaging 
of her right shoulder showed an increase in the 
size of the tumor posterior to the right clavicle 
with a likely new tumor lateral to this, and the 
remainder of the metastatic disease grossly stable. 
Another surgical resection removed a 3.1 cm right 
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subclavicular CS and 1.4 cm right shoulder CS. 
She has resumed her treatment of pembroli-
zumab, which is ongoing with marked response to 
therapy after 23 cycles. She is planned for 2 years 
of immunotherapy (Figure 2).

Conclusion and future directions
Recurrent or metastatic CS poses a unique prob-
lem to medical oncologists, as there are few evi-
dence-based systemic agents that target aggressive 
disease. Repeated surgical resection and radia-
tion increases morbidity and leads to loss of 

functionality. Furthermore, some tumors are 
unresectable, depending on their location. As an 
added challenge, CS is an orphan disease making 
it difficult to investigate through clinical trials. 
Thus, much of the data available on the efficacy 
of immunotherapy is based on small studies and 
case reports.

There is preliminary evidence drawing from 
preclinical studies, case reports, and ongoing 
clinical trials that immunotherapy may be effec-
tive in CS. The SARC028 phase II trial, while 
focused on bone and soft-tissue sarcomas, did 

Table 1. Clinical trials of immunotherapy in sarcoma.

Phase Drug(s) Mechanism(s) NCT Status N Bone 
sarcomas 
studied

Results

I Pembrolizumab Anti-PD-1 02301039 
(SARC028)

Completed 86 CS (5), OS, 
and EWS

1/5 CS patients 
had PR, >50% 
tumor size 
reduction lasting 
>6 months

I/II Pembrolizumab and 
doxorubicin HCl

Anti-PD-1 and 
anthracycline

02888665 Completed 37 CC-CS (1), 
C-CS (3), and 
ESM-CS (1)

3/5 patients had 
tumor regression, 
1 C-CS with 26% 
size reduction

I HuMax-IL8 Anti-IL-8 02536469 Completed 15 CS (1) and 
chordoma (5)

CS patient 
had disease 
progression

I Toripalimab Anti-PD-1 03474640 Active 198 CS –

II Nivolumab and 
ipilimumab

Anti-PD-1 and  
anti-CTLA4

02982486 Recruiting – CS, EWS, and 
OS

–

II Atezolizumab Anti-PD-L1 04458922 Active 19 CS and  
CC-CS

–

II INBRX-109 DR5 agonistic ab 04950075 Recruiting – CS –

II LN-145, LN-145-S1, 
aldesleukin, 
cyclophosphamide, 
fludarabine, 
ipilimumab, 
nivolumab

Autologous TILs,  
IL-2, alkylating 
agent, 
antimetabolite, and 
anti-PD-1/ 
anti-CTL4

03449108 Recruiting – CS, OS, and 
UPS

–

II Nivolumab and 
sunitinib

Anti-PD-1 and TKI 03277924 Recruiting – DD-CS, 
ESM-CS, and 
CC-CS

–

C-CS, conventional CS; CC-CS, clear cell CS; CS, chondrosarcoma; CTLA4, cytotoxic T lymphocyte associated antigen 4; DD-CS, dedifferentiated  
CS; DR5, death receptor 5; ESM-CS, extra-skeletal myxoid CS; EWS, Ewing’s sarcoma; OS, osteosarcoma; PD-1, programed cell death 1;  
PR, partial response; TIL, tumor-infiltrating lymphocyte; TKI, tyrosine kinase inhibitor; UPS, undifferentiated pleomorphic sarcoma.
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Figure 1. Treatment course. Sizing proportional to time on each treatment.

Table 2. Summary of the five lines of treatment and a description of the radiologic features of the right scapula throughout 
treatment.

Therapy Clinical trial (if 
applicable)

Cycles until 
progression

PFS ratio Radiologic features of right scapula

 Treatment response Mass at progression

Pazopanib – 2 Disease progression Shoulder tumor 
increased to 
4.9 × 3.2 × 3.2 cm3

Ivosidenib – 4 Disease progression  

Belinostat and 
guadecitabine

NCT04340843 2 Disease progression; presence of 
several small bilateral pulmonary 
nodules

 

IGM-8444 NCT04553692 6  

Pembolizumab – Ongoing with 
23 previous 
cycles

Increase in the size of tumor 
posterior to the right clavicle, 
with a likely new tumor visualized 
laterally. Metastatic disease stable

n/a

PFS, progression-free survival.

include five patients with CS. One of the five 
CS patients had a partial response to pembroli-
zumab with >50% tumor reduction lasting 
6 months. In a non-randomized phase I/II trial 
funded by the Fred Hutchinson Cancer Center 
looking at a combination regimen of doxoru-
bicin with pembrolizumab, patients with clear 
cell CS (1), conventional CS (3), and extra-
skeletal myxoid CS (1) were included. Three 
CS patients had tumor regression including one 
conventional CS with a 26% size reduction. 

Interestingly, IHC studies of tumor samples 
from 66% of the participants demonstrated a 
low level of expression of PD-L1, and tumor 
expression of PDL-1 did not correlate with PFS 
or OS after treatment with PD-1 blockade.

Indeed, we report the case of a patient with meta-
static CS who had a remarkable sustained response 
to treatment with pembrolizumab after failing 
multiple lines of systemic therapy. While pazo-
panib and ivosidenib have demonstrated some 
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success in CS, our patient had disease progression 
on both, despite the presence of an IDH-1 muta-
tion. Formal guidelines do not discuss the use of 
ICIs in the treatment of metastatic or unresectable 
CS. Pembrolizumab was chosen as a last-line 
agent to attempt to induce a response in this 
patient with a disease resistant to standard thera-
pies. While she had initial growth of a new tumor 
on pembrolizumab she was able to maintain 
response to metastatic disease after resection. This 
likely represents pseudo-progression after immu-
notherapy, which is well documented in the litera-
ture.50 Wagner et al.51 also reported the case of a 
patient with grade III conventional CS with pul-
monary metastases, who after four doses of treat-
ment with nivolumab initially demonstrated 
increase in size of pulmonary nodules on CT scan. 
These nodules regressed 3 months later and the 
patient achieved a near complete response.

Currently, there are several ongoing trials assess-
ing the use of ICI therapy in CS. The PD-L1 
inhibitor, atezolizumab, is currently being evalu-
ated in a phase II trial of pediatric patients with 
clear cell sarcoma and advanced CS 
(NCT04458922). Immunosarc, a phase I/II trial 
assessing the value of the TKI, sunitinib, in com-
bination with the PD-1 inhibitor, nivolumab in 
advanced soft-tissue and bone sarcomas, is cur-
rently recruiting (NCT03277924).

While there are ongoing clinical trials studying 
immunotherapy in patients with bone and soft-
tissue sarcomas, metastatic or unresectable CS is a 

rare and heterogeneous disease for which there is 
unlikely to be robust evidence for systemic treat-
ments in the future. Interestingly, some patients 
with conventional CS appear to have sustained 
responses in clinical trials with immunotherapy 
but there are currently no reliable biomarkers pre-
dictive of response and no consensus statement on 
choice of therapy. More research is needed to 
study the aggressive form of this orphan disease.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written consent was obtained for publication of 
de-identified medical information.

Author contributions
Adam J. Cohen-Nowak: Investigation; Writing 
– original draft; Writing – review & editing.

Danielle B. Dressler: Resources; Writing – 
review & editing.

Adam Rock: Writing – review & editing.

Katherine Mojica: Writing – original draft.

Doni Woo: Investigation; Methodology; 
Resources.

Lee M. Zuckerman: Conceptualization; 
Resources.

Figure 2. CT imaging of pulmonary metastases before immunotherapy (a) and after cycle 24 of 
pembrolizumab (b).

https://journals.sagepub.com/home/tam


TherapeuTic advances in 
Medical Oncology Volume 15

8 journals.sagepub.com/home/tam

Warren Chow: Resources; Validation; Writing 
– review & editing.

Mark Agulnik: Conceptualization; Investigation; 
Resources; Supervision; Validation; Writing – 
review & editing.

Acknowledgements
None.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
Not applicable.

ORCID iDs
Adam J. Cohen-Nowak  https://orcid.org/0000- 
0001-6784-7159

Lee M. Zuckerman  https://orcid.org/0000- 
0001-7762-2906

Warren Chow  https://orcid.org/0000-0003- 
0889-5841

References
 1. Jemal A, Siegel R, Xu J, et al. Cancer statistics, 

2010. CA Cancer J Clin 2010; 60: 277–300.

 2. Chow WA. Chondrosarcoma: biology, genetics, 
and epigenetics. F1000Res 2018; 7: F1000.

 3. Amer KM, Munn M, Congiusta D, et al.  
Survival and prognosis of chondrosarcoma 
subtypes: SEER database analysis. J Orthop Res 
2020; 38: 311–319.

 4. Chow WA. Update on chondrosarcomas. Curr 
Opin Oncol 2007; 19: 371–376.

 5. Mankin HJ, Cantley KP, Schiller AL, et al. 
The biology of human chondrosarcoma. II. 
Variation in chemical composition among types 
and subtypes of benign and malignant cartilage 
tumors. J Bone Joint Surg Am 1980; 62: 176–188.

 6. Wyman JJ, Hornstein AM, Meitner PA, et al. 
Multidrug resistance-1 and p-glycoprotein in 
human chondrosarcoma cell lines: expression 
correlates with decreased intracellular 

doxorubicin and in vitro chemoresistance.  
J Orthop Res 1999; 17: 935–940.

 7. Cintra FF, Etchebehere M, Goncalves JC, 
et al. Vascular pattern in enchondroma and 
chondrosarcoma: clinical and immunohistologic 
study. Appl Immunohistochem Mol Morphol 2014; 
22: 600–605.

 8. Nawa G, Ueda T, Mori S, et al. Prognostic 
significance of Ki67 (MIB1) proliferation index 
and p53 over-expression in chondrosarcomas. Int 
J Cancer 1996; 69: 86–91.

 9. Bovee JV, van den Broek LJ, Cleton-Jansen 
AM, et al. Up-regulation of PTHrP and 
Bcl-2 expression characterizes the progression 
of osteochondroma towards peripheral 
chondrosarcoma and is a late event in central 
chondrosarcoma. Lab Invest 2000; 80: 1925–
1934.

 10. Amary MF, Bacsi K, Maggiani F, et al. IDH1 and 
IDH2 mutations are frequent events in central 
chondrosarcoma and central and periosteal 
chondromas but not in other mesenchymal 
tumours. J Pathol 2011; 224: 334–343.

 11. Tap WD, Villalobos VM, Cote GM, et al. Phase 
I study of the mutant IDH1 inhibitor ivosidenib: 
safety and clinical activity in patients with 
advanced chondrosarcoma. J Clin Oncol 2020; 
38: 1693–1701.

 12. Chow W, Frankel P, Ruel C, et al. Results of 
a prospective phase 2 study of pazopanib in 
patients with surgically unresectable or metastatic 
chondrosarcoma. Cancer 2020; 126: 105–111.

 13. Stacchiotti S, Pantaleo MA, Astolfi A, et al. 
Activity of sunitinib in extraskeletal myxoid 
chondrosarcoma. Eur J Cancer 2014; 50: 1657–
1664.

 14. Duffaud F, Italiano A, Bompas E, et al. Efficacy 
and safety of regorafenib in patients with 
metastatic or locally advanced chondrosarcoma: 
results of a non-comparative, randomised, 
double-blind, placebo controlled, multicentre 
phase II study. Eur J Cancer 2021; 150: 108–118.

 15. Schuetze SM, Bolejack V, Choy E, et al. Phase 
2 study of dasatinib in patients with alveolar 
soft part sarcoma, chondrosarcoma, chordoma, 
epithelioid sarcoma, or solitary fibrous tumor. 
Cancer 2017; 123: 90–97.

 16. Alsaab HO, Sau S, Alzhrani R, et al. PD-1 and 
PD-L1 checkpoint signaling inhibition for cancer 
immunotherapy: mechanism, combinations, and 
clinical outcome. Front Pharmacol 2017; 8: 561.

 17. Zhang Y and Zhang Z. The history and advances 
in cancer immunotherapy: understanding the 

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0001-6784-7159
https://orcid.org/0000-0001-6784-7159
https://orcid.org/0000-0001-7762-2906
https://orcid.org/0000-0001-7762-2906
https://orcid.org/0000-0003-0889-5841
https://orcid.org/0000-0003-0889-5841


AJ Cohen-Nowak, DB Dressler et al.

journals.sagepub.com/home/tam 9

characteristics of tumor-infiltrating immune 
cells and their therapeutic implications. Cell Mol 
Immunol 2020; 17: 807–821.

 18. Chikuma S, Terawaki S, Hayashi T, et al. PD-1-
mediated suppression of IL-2 production induces 
CD8+ T cell anergy in vivo. J Immunol 2009; 
182: 6682–6689.

 19. Francisco LM, Sage PT and Sharpe AH. The 
PD-1 pathway in tolerance and autoimmunity. 
Immunol Rev 2010; 236: 219–242.

 20. Aras S and Zaidi MR. TAMeless traitors: 
macrophages in cancer progression and 
metastasis. Br J Cancer 2017; 117: 1583–1591.

 21. Qian BZ and Pollard JW. Macrophage diversity 
enhances tumor progression and metastasis. Cell 
2010; 141: 39–51.

 22. Chen Y, Song Y, Du W, et al. Tumor-associated 
macrophages: an accomplice in solid tumor 
progression. J Biomed Sci 2019; 26: 78.

 23. Zhang QW, Liu L, Gong CY, et al. Prognostic 
significance of tumor-associated macrophages 
in solid tumor: a meta-analysis of the literature. 
PLoS One 2012; 7: e50946.

 24. Klempner SJ, Fabrizio D, Bane S, et al. Tumor 
mutational burden as a predictive biomarker for 
response to immune checkpoint inhibitors: a 
review of current evidence. Oncologist 2020; 25: 
e147–e159.

 25. Cote GM, He J and Choy E. Next-generation 
sequencing for patients with sarcoma: a single 
center experience. Oncologist 2018; 23:  
234–242.

 26. Tarkkanen M, Aaltonen LA, Bohling T, et al. 
No evidence of microsatellite instability in bone 
tumours. Br J Cancer 1996; 74: 453–455.

 27. Havel JJ, Chowell D and Chan TA. The evolving 
landscape of biomarkers for checkpoint inhibitor 
immunotherapy. Nat Rev Cancer 2019; 19: 
133–150.

 28. Kostine M, Cleven AH, de Miranda NF, et al. 
Analysis of PD-L1, T-cell infiltrate and HLA 
expression in chondrosarcoma indicates potential 
for response to immunotherapy specifically in the 
dedifferentiated subtype. Mod Pathol 2016; 29: 
1028–1037.

 29. Yang X, Zhu G, Yang Z, et al. Expression 
of PD-L1/PD-L2 is associated with high 
proliferation index of Ki-67 but not with TP53 
overexpression in chondrosarcoma. Int J Biol 
Markers 2018; 33: 507–513.

 30. Torabi A, Amaya CN and Wians FH Jr et al. 
PD-1 and PD-L1 expression in bone and soft 
tissue sarcomas. Pathology 2017; 49: 506–513.

 31. Zhang Y, Chen Y, Papakonstantinou A, 
et al. Evaluation of PD-L1 expression in 
undifferentiated pleomorphic sarcomas, 
liposarcomas and chondrosarcomas. Biomolecules 
2022; 12: 292.

 32. Meng X, Huang Z, Teng F, et al. Predictive 
biomarkers in PD-1/PD-L1 checkpoint blockade 
immunotherapy. Cancer Treat Rev 2015; 41: 
868–876.

 33. Phillips T, Simmons P, Inzunza HD, et al. 
Development of an automated PD-L1 
immunohistochemistry (IHC) assay for non-
small cell lung cancer. Appl Immunohistochem Mol 
Morphol 2015; 23: 541–549.

 34. Gooden MJ, de Bock GH, Leffers N, et al. 
The prognostic influence of tumour-infiltrating 
lymphocytes in cancer: a systematic review with 
meta-analysis. Br J Cancer 2011; 105: 93–103.

 35. Iseulys R, Anne GB, Corinne B, et al. The 
immune landscape of chondrosarcoma reveals 
an immunosuppressive environment in the 
dedifferentiated subtypes and exposes CSFR1+ 
macrophages as a promising therapeutic target. 
J Bone Oncol 2020; 20: 100271.

 36. Heymann MF, Schiavone K and Heymann D. 
Bone sarcomas in the immunotherapy era. Br J 
Pharmacol 2021; 178: 1955–1972.

 37. Simard FA, Richert I, Vandermoeten A, et al. 
Description of the immune microenvironment of 
chondrosarcoma and contribution to progression. 
Oncoimmunology 2017; 6: e1265716.

 38. Minopoli M, Sarno S, Di Carluccio G, et al. 
Inhibiting monocyte recruitment to prevent 
the pro-tumoral activity of tumor-associated 
macrophages in chondrosarcoma. Cells 2020; 9: 
1062.

 39. Tawbi HA, Burgess M, Bolejack V, et al. 
Pembrolizumab in advanced soft-tissue sarcoma 
and bone sarcoma (SARC028): a multicentre, 
two-cohort, single-arm, open-label, phase 2 trial. 
Lancet Oncol 2017; 18: 1493–1501.

 40. Pollack SM, Redman MW, Baker KK, et al. 
Assessment of doxorubicin and pembrolizumab 
in patients with advanced anthracycline-naive 
sarcoma: a phase 1/2 nonrandomized clinical 
trial. JAMA Oncol 2020; 6: 1778–1782.

 41. Martin-Broto J, Hindi N, Grignani G, et al. 
Nivolumab and sunitinib combination in 
advanced soft tissue sarcomas: a multicenter, 
single-arm, phase Ib/II trial. J Immunother Cancer 
2020; 8: e001561.

 42. Fiore F, Castella B, Nuschak B, et al. Enhanced 
ability of dendritic cells to stimulate innate and 

https://journals.sagepub.com/home/tam


TherapeuTic advances in 
Medical Oncology Volume 15

10 journals.sagepub.com/home/tam

adaptive immunity on short-term incubation with 
zoledronic acid. Blood 2007; 110: 921–927.

 43. Miwa S, Nishida H, Tanzawa Y, et al. Phase 
1/2 study of immunotherapy with dendritic cells 
pulsed with autologous tumor lysate in patients 
with refractory bone and soft tissue sarcoma. 
Cancer 2017; 123: 1576–1584.

 44. Himoudi N, Wallace R, Parsley KL, et al. Lack 
of T-cell responses following autologous tumour 
lysate pulsed dendritic cell vaccination, in 
patients with relapsed osteosarcoma. Clin Transl 
Oncol 2012; 14: 271–279.

 45. Krishnadas DK, Shusterman S, Bai F, et al. A 
phase I trial combining decitabine/dendritic cell 
vaccine targeting MAGE-A1, MAGE-A3 and 
NY-ESO-1 for children with relapsed or therapy-
refractory neuroblastoma and sarcoma. Cancer 
Immunol Immunother 2015; 64: 1251–1260.

 46. Sterner RC and Sterner RM. CAR-T cell 
therapy: current limitations and potential 
strategies. Blood Cancer J 2021; 11: 69.

 47. Nota S, Osei-Hwedieh DO, Drum DL, et al. 
Chondroitin sulfate proteoglycan 4 expression in 

chondrosarcoma: a potential target for antibody-
based immunotherapy. Front Oncol 2022; 12: 
939166.

 48. Gordon EM, Sankhala KK, Chawla N, et al. 
Trabectedin for soft tissue sarcoma: current 
status and future perspectives. Adv Ther 2016; 
33: 1055–1071.

 49. Banerjee S, Halder K, Ghosh S, et al. The 
combination of a novel immunomodulator 
with a regulatory T cell suppressing antibody 
(DTA-1) regress advanced stage B16F10 
solid tumor by repolarizing tumor associated 
macrophages in situ. Oncoimmunology 2015; 4: 
e995559.

 50. Jia W, Gao Q, Han A, et al. The potential 
mechanism, recognition and clinical 
significance of tumor pseudoprogression after 
immunotherapy. Cancer Biol Med 2019; 16: 
655–670.

 51. Wagner MJ, Ricciotti RW, Mantilla J, et al. 
Response to PD1 inhibition in conventional 
chondrosarcoma. J Immunother Cancer 2018;  
6: 94.

Visit Sage journals online 
journals.sagepub.com/
home/tam

 Sage journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

