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Programmed cell death ligand 1 (PDL1) expression was recently shown to correlate with tumor-infiltrating
lymphocytes (TILs) in a subset of osteosarcoma patients. Among clinical factors evaluated across human osteosarcoma
samples, a pulmonary origin of metastases correlated with high PDL1 expression and prominent TILs. Considering that
multiple agents targeting PD-1/PDL1 are under development, targeting this immune checkpoint may be a novel
immunotherapeutic route for osteosarcoma in future clinical trials.

Commentary

Osteosarcoma is an aggressive malig-
nant tumor of the bone that is the eighth
most common form of childhood cancer.
The 5-year survival rate with current mul-
timodal therapies is approximately 70%.
However, progress has slowed over the last
30 years, and treatments with intensifying
regimens or adding novel agents have
shown limited improvement. Moreover,
for patients with metastatic osteosarcoma
at diagnosis and for those with relapsed
disease, the 4- to 5-year overall survival
rate is less than 20%.1 Therefore, the
development of novel therapeutic strate-
gies is critical for this cancer patient
population.

In the oncology community, there has
been an increasing interest in the mecha-
nisms of cancer cell immune tolerance
and escape, with a particular focus on the
T-cell coinhibitory receptor programmed
cell death 1 (PDCD1, better known as
PD-1) and its corresponding B7 family of
ligands, including programmed cell death
ligand 1 (PDL1), (Fig. 1). T-cell responses
follow a complex signaling sequence
through the T-cell receptor to either stim-
ulate, or inhibit, the immune response.
PD-1 is a cell-surface receptor expressed
on subsets of T and B lymphocytes, as

well as other immune cells. In the inflam-
matory microenvironment, stimuli such as
interferon g (IFNg) may upregulate
PDL1 expression on tumor cells to sup-
press the immune response. A number of
malignancies, including melanoma, lung
cancer, renal cell carcinoma, ovarian can-
cer, and colorectal cancers, have been
demonstrated to exploit these inhibitory
signals by upregulating PDL1 constitu-
tively or in response to cancer-associated
inflammation.2 The expression of PDL1
expression in osteosarcoma, however, had,
so far, remained obscure.

Recent immunohistochemical analyses
suggest that PDL1 expressionmay be an
important prognostic biomarker, perhaps
particularly when combined with T-cell
activation signals. Despite these indica-
tions, diagnostics for PDL1 are limited by
the lack of reliable protein-based assays,
and the literature remains controversial.
Prior research has shown a correlation
between PDL1 mRNA and protein
expression. Accordingly, we sought to
develop an RNA-based PDL1 assay to cir-
cumvent the technical issues constraining
the IHC-based strategies. To our knowl-
edge, our study was the first to investigate
PDL1 expression in osteosarcoma.

Using our newly developed RNA-
based assay to examine PDL1 expression,

we showed PDL1 expression in 84.2% of
osteosarcoma patient samples, with high
levels in 24% of patient tumors. Expres-
sion levels were evaluated against clinical
factors such as age/gender, eventual metas-
tasis or recurrence, chemotherapy, per-
centage of necrosis, and survival, as well as
origin of metastasis, if present. There was
a slight trend for poorer overall survival
for osteosarcoma patients with high PDL1
expression, but no other correlation
between PDL1 expression and the mani-
festation of clinicopathologic features was
found. However, these data are likely con-
founded by the small, heterogeneous sam-
ple size. Furthermore, we examined the
presence of tumor-infiltrating lympho-
cytes (TILs), and found a positive correla-
tion between TILs and PDL1 expression
in our tumor samples. We found higher
levels of expression of PDL1 and corre-
sponding TILs in metastases that origi-
nated in osteosarcoma of the lung versus
nonpulmonary sites. Of note, the PDL1
expression detected may arise either from
osteosarcoma cells or the associated TILs.
Regardless, the presence of PDL1 itself
remains relevant to determine potential
application of immune checkpoint-based
therapies. Future studies will examine the
subtypes of lymphocytes present in biop-
sies, as well as search for evidence of T-cell
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activation. Taken together, these findings
suggest that there is a subset of patients
for whom PDL1-directed therapies could
be relevant, and sets an important frame-
work to design anti-PD-1 or anti-PDL1
immune checkpoint therapies in osteosar-
coma patients.

Currently, there are multiple agents
targeting the PD-1/PDL1 system at vari-
ous stages of clinical development. Several
early-stage studies of inhibitory antibodies
aimed at PD-1 (pembrolizumab, nivolu-
mab) or PDL1 (BMS-936559,
MPDL3280A) have shown remarkable
clinical activity and, importantly, durabil-
ity across a range of malignancy subtypes,
including renal cell carcinoma, colorectal
cancer, melanoma, and small cell and
non-small cell lung cancer.3-8 These PD-
1/PDL1 targeted therapies also hold
potential in adjuvant settings. Preliminary
data have suggested that there may be a
relationship between the activity of these

agents, PDL1 expression, and/or immune
cells in the tumor microenvironment. An
example of this corollary includes coordi-
nated expression of PDL1, CD8C T-cells,
and a T-cell activation gene signature
among cancer patients with treatment
response versus nonresponders who exhib-
ited minimal CD8C T-cell infiltration
and an absence of T-cell activation.9

These observations have led to addi-
tional studies exploring combination
therapies involving immunoregulatory
pathways. These include immune acti-
vating cytokines (e.g., interferons, IL-
21, IL-2), vascular endothelial growth
factor (VEGF) inhibitors (e.g., bevaci-
zumab, sunitinib, pazopanib), and other
immune checkpoint antibody blockers
(e.g., ipilimumab, anti-LAG-3, and
anti-TIM-3) in lung cancers and renal
cell carcinoma.6,8,10 Anti-PD-1 or anti-
PDL1 blocking antibody in combina-
tion with BRAF inhibition induced a

positive synergistic response in
melanoma patients, and signifi-
cantly prolonged survival,
slowed tumor growth, and
increased both the number and
activity of TILs.5

Osteosarcoma remains one of
the deadliest malignancies among
children and adults, as the hetero-
geneity of osteosarcoma has made
it difficult to develop targeted
therapies. Therefore, immuno-
therapeutic approaches may be an
attractive alternative treatment
option for osteosarcoma patients.
Immunotherapy can be used
either alone or in combination
with traditional chemotherapies.
From the results of our study
demonstrating the correlation of
PDL1 expression and TILs in
osteosarcoma patients, immune
checkpoint blockade holds great
potential to improve patient out-
comes through the development
of rational combinations of
molecularly targeted therapies
and immunotherapies.
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Figure 1. Immunotherapeutic targeting of PD-1 and PDL1 reciprocal interactions between osteosarcoma cells
and T cells. Binding of the T-cell inhibitory receptor programmed cell death 1 (PD-1) to its cognate ligand
PDL1 on the surface of cancer cells inactivates T-cell cytotoxic functions that otherwise would induce osteo-
sarcoma cell death. Abrogating this pathway with anti-PD-1 or PDL1 blocking antibodies (or inhibitors) pre-
vents this inhibition, and allows the reactivation of T-cell anticancer cytotoxic functions. Adding immune
activators, such as cytokines, may elicit a synergistic response to anti-PD-1/PDL1 targeted therapies in
osteosarcoma.
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