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Clinical Development in Challenging
Cancers: Primary Bone Sarcomas
Primary bone sarcomas are cancers of mesenchymal, nonepithelial derivation, originating from bone cells or their
precursors. As shown in Figure 1, the most common forms
include osteosarcoma, chondrosarcoma, and Ewing sarcoma
(EW) (35%, 25% and 16%, respectively)1. These are rare
malignancies and account for less than 0.2% of all reported new
cancer cases in adults2,3. They represent however, roughly 5% of
all childhood cancers, with osteosarcoma accounting for 50%
and EW for approximately 45% of primary cancers of the bone
in children and young adults3. Chondrosarcoma, in contrast,
is more commonly diagnosed in adults and typically occurs
between the fifth and seventh decades of life.

Figure 1 – Primary Bone Sarcomas

Front-line therapy for these cancers consists of a combined
approach of systemic chemotherapy and local treatment by
surgery (osteosarcoma), and/or radiotherapy (EW)4,5,6. In fact,
when compared with surgery alone, a multimodal approach in the
treatment of high-grade osteosarcoma increases survival from only
10–20% to around 60%7,8,9. Standard treatment for chondrosarcomas,
however, consists mainly of surgery, as these cancers are relatively
resistant to both chemotherapy and radiation therapy10.
Survival data obtained from the National Cancer Data Base
of the American College of Surgeons suggest that the relative
five-year survival rate is approximately 53.9%, 50.6%, and 75.2%
for osteosarcomas, Ewing’s sarcoma and chondrosarcoma,
respectivelyviii, as shown in Figure 2. For patients with poor
response to chemotherapy and patients presenting metastatic
disease, reported outcomes are far worse, with survival at <50% and
<30% respectively12,13.

Figure 2 – Relative 5-Year Survival Rate
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Treatment outcome for bone sarcomas has remained at a
standstill over the last decade, though new treatment interventions
have been successfully tested14. Prognosis for these patients has
been closely linked to histological diagnoses of the cancers15. Since
bone sarcomas are known to exhibit highly heterogenous histologic
and molecular profiles, it would be unlikely that a single target
treatment approach would be able to address all, or even a majority
of patients16,17.
An urgent need, therefore, arises for new and effective
therapeutic strategies. Recent advances in the understanding
of the genetic abnormalities that underscore the pathogenesis
of these tumours have led to a genetic classification of sarcomas
into two groups; tumours with recurrent molecular changes,
including EW. These generally have tumour-specific chromosomal
aberrations that result in the expression of an oncogenic chimeric
transcription factor, or a coactivator for transcription. The second
group consists of tumours with complex karyotypes and variable
genetic alterations, and includes osteosarcomas18,19. Common
genetic alterations include disturbances in cell-cycle genes such as
p53, RB1, and INK4A19,20.
Thus, for the two most common primary bone sarcomas,
Ewing’s sarcoma and osteosarcoma, these pathways are expected
to lead to identification of specific target genes that could represent
novel treatment options for these tumours.
Targeting of Oncogenic Pathways
Inhibition of EWS-FLI1: Anti-IGF-1R Monoclonal Antibodies
EWS-FLI1 is a fusion protein resulting from chromosomal
translocations, expressed in EW tumour cells, and has been
identified as an ideal target for specifically treating EW without
affecting healthy cells21. In fact, decreased expression of EWSFLI1 has been shown to inhibit several molecular pathways: IGFR,
PDGFR, VEGFR, SHH, among others22,23.
Binding of IGF to its receptor IGF-1R leads to activation of the
PI3K/Akt/mTOR pathways, with subsequent triggering of tumour
growth and angiogenesis through augmented secretion of HIF-1α
and VEGF24,25.
In xenograft models of OS and EW, anti- IGF-1R targeted
drugs have shown ant-tumour effects26,27, and several anti-IGF-1R
monoclonal antibodies have been investigated in Phase I clinical
studies in EW patients with relapsed or refractory disease, where
subjects achieved stable disease28.
R1507, an anti-IGF-1R monoclonal antibody, was administered
to 115 patients with Ewing sarcoma family of tumours (ESFT) at a
weekly dose of 9mg/kg for 109 patients, and 27 mg/kg every three
weeks for six patients. For all patients, the overall response rate
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was 10% (95% CI, 4.9% to 16.5%). A single complete response and ten
partial responses were also observed, with a median survival of 7.6
months (95% CI, 6 to 9.7 months)29.
Figitumumab is another monoclonal antibody targeting IGF-1R
studied in a Phase I trial that included 16 patients with EW. Two of
the patients obtained objective response, one complete response,
and one partial response30. Low response rates, however, have been
observed for these agents, despite their promising potential.
An explanation for this may be the development of alternate
pathways for growth in these tumours. In their study on patients
with progression following initial response to IGF-1R antibody,
Thomas et al. observed an upregulation of p-Akt and p-m-TOR,
with a subsequent response to combined IGF1R inhibition with
m-TOR inhibitionxviii. This could imply that multiple pathways
may need to be inactivated for more durable responses31,32.
Strategies simultaneously targeting the IGF-1R/PI3K/AKT/
mTOR pathway have also been evaluated. A Phase I study of EW
patients combining cixutumumab, an anti-IGF1-R antibody, and
temsirolimus, an mTOR inhibitor, showed regression of the tumour
of over 20% in five patients out of 17. Complete response was also
observed in one out of six patients, who had previously developed
resistance to a different IGF-1R inhibitor antibody33.
Targeting the Bone Microenvironment
Bone sarcomas are typically characterised by an imbalance in
the physiological turn-over of the bone tissue, mediated between
osteoclasts (bone resorption) and osteoblasts (synthesis of new
bone).

able to extend progression-free survival in patients with NSCLC39.
Although nivolumab presented a more favourable safety profile,
median progression-free survival was 4.2 months with nivolumab
versus 5.9 months with chemotherapy (hazard ratio for disease
progression or death, 1.15; 95% CI, 0.91 to 1.45; P=0.25). Median
overall survival reported for nivolumab was 14.4 months versus
13.2 months for chemotherapy (hazard ratio for death, 1.02; 95% CI,
0.80 to 1.30)39.
Conclusions
In the wake of the unsatisfactory results obtained to date, it appears
that the therapies described above have been unable to demonstrate
significant improvements in overall survival, or any distinct clinical
advantage for these patients. Particularly discouraging are the
incongruences between results obtained in clinical studies and
preclinical data that prompt these trials. Given the rarity of these
tumours, greater efforts should perhaps be directed at collaborative
studies between institutions, particularly with regard to the
molecular profiling of tumours for identification of tumour markers,
as these represent an emerging approach in guiding treatment
decisions.
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