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To the Editor

The use of anti-human signal molecules monoclonal antibod-
ies (mAbs) for malignant tumors therapy has achieved consid-
erable success in recent years. Antibody drug conjugates are 
powerful new clinical treatment options for lymphomas and 
solid tumors, and immunomodulatory antibodies have also re-
cently achieved remarkable clinical success. The development 
of therapeutic antibodies requires a deep understanding of ma-
lignant tumor serology, protein-engineering techniques, mech-
anisms of action and resistance, and the interplay between the 
immune system and tumorigenesis. This review outlines the 
fundamental strategies, which are required to establish anti-
body therapies for patients with mesenchymal tumors through 
iterative approaches to target and antibody selection, extend-
ing from preclinical studies to human trials.

A type of drug blocks certain proteins made by some types 
of immune system cells, such as T cells and some malignant 
tumor cells. These proteins help keep immune responses in 
check, and can keep T cells from killing malignant tumor cells. 
When these proteins are blocked, the “brakes” on the immune 

system are released and T cells are able to kill malignant tumor 
cells better. Examples of checkpoint proteins found on T cells 
or malignant tumor cells include programmed death 1 (PD-
1)/programmed death ligand 1 (PD-L1) and cytotoxic T-lym-
phocyte-associated protein 4 (CTLA-4)/B7-homolog-1(B7-1)/
B7-homolog-2(B7-2) (Fig. 1). A significant inverse correlation 
between PD-L1 expression and intraepithelial CD8-positive T-
lymphocyte count suggested that PD-L1 on tumor cells may 
suppress anti-tumor CD8-positive T cells, also called as cyto-
toxic T cells [1]. Some immune checkpoint inhibitors (ICIs) 
are used to treat malignant tumors. The probability of response 
to ICIs is closely related to the nature of tumor’s immune mi-
croenvironment. For instance, non-small cell lung carcinoma 
has emerged as the prototypical tumor types that are respon-
sive to ICIs, and also has PD-L1 immunohistochemical (IHC) 
companion diagnostic biomarker, which is used to determine 
whether pembrolizumab or nivolumab, which are anti-human 
PD-1 monoclonal immunoglobulin (Ig) G4 antibodies, mono-
therapy will be given [2, 3]. In contrast, the immune microen-
vironment of mesenchymal tumors is still poorly understood, 
and biomarkers predictive of immunotherapy response are 
greatly needed to establish anti-mesenchymal tumors therapy 
by ICIs.

Diagnoses for mesenchymal tumors are rare and published 
case series typically lump heterogeneous mesenchymal tumors 
together. Due to this and because of the use of various different 
PD-L1 antibodies in different studies, the reported incidence of 
PD-L1 positivity in mesenchymal tumors has varied greatly in 
the literature, ranging from 0% to 60% [4-13]. In mesenchymal 
tumors, high expression of PD-L1 mRNA is associated with 
shorter metastasis-free survival [14]. In two meta-analyses, the 
expression of PD-L1 was found to be a poor prognosticator in 
mesenchymal tumors [15].

ICIs have yielded mixed results in sarcoma. Ipilimumab, 
which binds to a substance called CTLA-4, had no activity in 
six patients with synovial sarcoma [16]. Ben-Ami reported that 
none of 12 patients with uterine leiomyosarcoma responded to 
nivolumab, which is anti-human PD-1 fully human immuno-
globulin (Ig) G4 mAb [17]. Two of four patients with alveo-
lar soft part sarcoma were reported to have partial response 
to anti-PD-L1 therapy [18]. A microsatellite instability (MSI), 
low tumor mutation burden (TMB) chondrosarcoma with 1% 
PD-L1 positivity, was reported to respond to nivolumab [19]. 
Finally, the SARC028 clinical trial reported that 18% of pa-
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tients with mesenchymal tumors had an objective response to 
pembrolizumab. Twenty percent of patients with liposarcoma, 
10% with synovial sarcoma and 5% with bone sarcoma had a 
response. No response was seen in patients with leiomyosar-
coma or Ewing sarcoma. Importantly, four of 10 patients with 
undifferentiated mesenchymal tumors had a response and two 
of these four patients had at least 1% neoplastic cell PD-L1 
positivity. Tumors from all six pembrolizumab unresponsive 
patients with mesenchymal tumors were PD-L1 negative [9]. 
High RNA expression of B7-homolog 3 (B7-H3), transform-
ing growth factor beta-1 (TGFB1) and T-cell immunoglobulin 
and mucin domains-containing protein 3 (TIM3), which are 
putative immunotherapy targets, has been described in sarco-
ma, specifically in dedifferentiated liposarcoma, undifferenti-
ated pleomorphic sarcoma and myxofibrosarcoma [20].

Most of the immune-therapeutic focus in mesenchymal 
tumor types has centered on the PD-1 axis [4, 5, 10-15]. The 
expression of a few alternate immune-therapeutic targets, such 
as B7-H3, TGFB1 and TIM3, has been previously described in 
some mesenchymal tumor types [20, 21]. Pathological studies 

with anti-PD-1 and/or anti-PD-L1 antibodies have yielded in-
consistent findings in mesenchymal tumors partially, because 
of the inclusion of heterogeneous sarcoma entities in many of 
the relevant studies [4-12]. Using various criteria and antibod-
ies, most studies show that 40-82% of some mesenchymal tu-
mor types have expression of PD-L1 [4, 11, 12]. The popula-
tion of mesenchymal tumors had reportedly PD-L1 positivity 
in 38% of cases, substantially more than the non-mesenchymal 
tumor population which was PD-L1 positive in 19% of cases. 
The expression of PD-L1 mRNA in mesenchymal tumors was 
not significantly different from non-mesenchymal tumor cases 
and was significantly under expressed in non-mesenchymal 
tumors. However, PD-L2 emerged as significantly overex-
pressed in mesenchymal tumors. PD-L2 expresses in both 
neoplastic and non-neoplastic cells in multiple neoplasms 
and its expression correlates with pembrolizumab response in 
head and neck squamous cell carcinoma independent of PD-
L1 expression [22]. Along with the high positivity PD-L1 in 
mesenchymal tumors, the overexpression of PD-L2 in mes-
enchymal tumors suggests that the communication of PD-1/

Figure 1. Cancer therapy by inhibition of negative immune regulation by programmed death 1 (PD-1) and cytotoxic T-lympho-
cyte-associated protein 4 (CTLA-4). The figure shows a primary melanoma and tumor-associated antigens (TAAs) that are taken 
up by an antigen presenting cell (APC: a Langerhans cell; left). APCs then migrate via afferent lymphatics to the sentinel skin-
draining lymph node, where they present TAA to naive T cells. These naive T cells continuously screen the lymphoid organs, 
extravasating through high endothelial venule (HEV) until their corresponding peptide is presented to them in the context of the 
major histocompatibility complex (MHC). When a TAA is presented in the T-cell-dependent area of a lymph node to its specific 
naive T cell (center), the latter requires signal 1 (antigen presentation to the T-cell receptor) and 2 (costimulation) for full activa-
tion. It will then proliferate and acquire “antigen memory” and a distinct and different set of adhesion molecules that will allow it to 
navigate outside of the blood vessels and the lymphoid organs, to the peripheral tissues and organs, like the melanoma metasta-
ses where it will be able to be reactivated upon re-presentation of the same TAA. However, in the lymph node, T-cell activation is 
interrupted when signal 3, mediated through interaction between CTLA-4 and CD80/86, takes over CD28 and CD80/86 interac-
tion. This occurs 24 - 48 h after the initiation of T-cell priming. When the memory T cell is recruited to the melanoma metastasis 
(right) and activated upon TAA re-presentation, the effector activation is decreased when PD-1 is engaged with its ligand PD-L1 
that can be expressed on the tumor cell constitutively or in the context of inflammation. The figure adapted from the C. Robert 
and C. Verjat figure collection, Institute Gustave Roussy (Villejuif-Paris Sud, Paris, France) is modified.
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PD-L1/PD-L2 axis may be a key role of protective mecha-
nism against host immune response in mesenchymal tumors. 
In turn, this raises the possibility that agents targeting PD-L1 
may not be as therapeutically efficacious as agents targeting 
the PD-1 in mesenchymal tumors, and provides a possible 
reason for the high response rate of mesenchymal tumors to 
pembrolizumab [9]. As additional putative immunotherapy 
targets, B7-H3 and TGFB1 were remarkable in that they were 
both overexpressed in mesenchymal tumors and non-mesen-
chymal tumors. B7-H3 is immunohistochemically present in 
most osteosarcomas, and is associated with a poor prognosis 
and with poor infiltration by CD8-positive T cells [23]. Our 
knowledge of its functional significance in other sarcomas 
is limited, but its known immune-suppressive function and 
relatively high expression in both mesenchymal tumors and 
non-mesenchymal tumors suggests that it may be an important 
immune-suppressor in mesenchymal tumors. Overexpression 
of TGFB1 as the immune-suppressive cytokine has been de-
scribed in mesenchymal tumors [20, 21]. Importantly, TGFB1 
physiologically induces epithelial to mesenchymal transition 
(EMT) [24]. The elevated expression of multiple EMT-related 
factors also induces the process of protection from host im-
mune-system, and these factors are exploitable as immuno-
therapy targets. Colony-stimulating factor 1 receptor (CSF1R) 
is well known to associate with macrophages and there is 
preclinical evidence that its blockade increases CD8-positive 
T-cell motility and tumor infiltration [25]. The significantly 
differential expression of TIM3 is observed in mesenchymal 
tumors or non-mesenchymal tumors. This is in conflict with 
the previously described overexpression of TIM3 in the Can-
cer Genome Atlas (TCGA) sarcoma cohort [20]. The reasons 
for this discrepancy are unclear, although the differences in the 
specific subtypes of mesenchymal tumors included in ours and 
TCGA cohort may be an explanation. Notably, other potential 
immunotherapy targets such as CTLA4 and PD-1 were either 
under expressed or had no expression difference in mesenchy-
mal tumors and non-mesenchymal tumors. Functional analysis 
in a responding patient demonstrated rapid in vivo expansion 
of neo-antigen-specific T-cell clones that were reactive to mu-
tant neo-peptides found in the tumor. These data support the 

hypothesis that the large proportion of mutant neo-antigens 
in mismatch repair-deficient (dMMR) makes them sensitive 
to immune checkpoint blockade, regardless of the malignant 
tumor tissues of origin. The surging interest in cancer immu-
notherapy, particularly checkpoint blockade, has further led to 
a focus on dMMR-positive tumors, which are notable for their 
substantial CD8-positive T-cell infiltrate [26]. Recent report 
demonstrated that uterine sarcomas were mismatch repair-de-
ficient [9, 26-28]. Uterine sarcoma, 1.4% of stage I to stage III 
malignant tumors and 0.6% of stage IV malignant tumors were 
classified in dMMR-positive tumors [8] (Fig. 2). From these 
research findings, in uterine sarcoma, numbers of infiltrating 
CD8-positive T cells are considered to be small. Therefore, as 
previously reported, the anti-tumor effect of therapy by ICIs on 
uterine sarcoma is considered to be low.

The causal relationship between metastatic status and pres-
ence of CD8 is currently unclear, although there is preclinical 
evidence indicating that depletion of cytotoxic CD8-positive T 
cells plays an important role in the proliferation of metastatic 
neoplastic cells [27]. The recent research findings suggest that 
inflammatory status can be used to categorize sarcomas and, 
possibly, their clinical behavior. Further clinical studies will 
elucidate whether this type of profiling is also predictive of 
immunotherapy response. The sample size is small and we 
were only able to include a smattering of various sarcomas 
in the mesenchymal tumor category. Further studies will need 
large numbers of each specific sarcoma histology. Finally, his-
topathological studies and functional or clinical studies are 
needed to confirm our findings.

In conclusion, if mesenchymal tumors in particular have a 
very high rate of positive expression of PD-L1 mRNA and high 
expression of PD-L2 mRNA, which suggests a mechanism of 
immune-suppression, therefore uterine sarcoma in mesenchy-
mal tumors types has possibly a high response rate to ICIs. The 
expression profiling of proteins demonstrated the expression 
of PD-L1, and positive dMMR in uterine sarcoma [9, 26-29]. 
Unfortunately in uterine sarcoma, late of dMMR reportedly is 
low, and does not have high response to ICIs [8, 29]. The clini-
cal evidences of lymphocytes infiltration and negative signal-
ligands such like PD-L1 in mesenchymal tumors suggest that 

Figure 2. Mismatch repair deficiency across tumors. Proportion of tumors deficient in mismatch repair (dMMR) in each malignant 
tumor subtype, expressed as a percentage. Mismatch repair deficient tumors were identified in tumor subtypes tested, more 
often in early stage (defined as stage < IV) disease. The figure adapted from reference [8].
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the tumor microenvironment plays an important role of anti-
tumor by ICIs.
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