cancers

Article

TIM-3 Qualifies as a Potential Imnmunotherapeutic Target in
Specific Subsets of Patients with High-Risk Soft Tissue
Sarcomas (HR-STS)

Luc M. Berclaz '*©0, Annelore Altendorf-Hofmann 2, Lars H. Lindner 1?0, Anton Burkhard-Meier 1,
Dorit Di Gioia !, Hans Roland Diirr 302, Alexander Klein 30, Markus Albertsmeier 40,
Nina-Sophie Schmidt-Hegemann 5, Frederick Klauschen ¢ and Thomas Knésel & *

check for
updates

Citation: Berclaz, L.M.;
Altendorf-Hofmann, A.;

Lindner, L.H.; Burkhard-Meier, A.;
Di Gioia, D.; Diirr, H.R.; Klein, A.;
Albertsmeier, M.;
Schmidt-Hegemann, N.-S.;
Klauschen, F; et al. TIM-3 Qualifies
as a Potential Immunotherapeutic
Target in Specific Subsets of Patients
with High-Risk Soft Tissue Sarcomas
(HR-STS). Cancers 2023, 15, 2735.
https://doi.org/10.3390/
cancers15102735

Academic Editor: Adam C. Berger

Received: 13 April 2023
Revised: 8 May 2023

Accepted: 10 May 2023
Published: 12 May 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Internal Medicine III, University Hospital, Ludwig-Maximilians-University (LMU) Munich,
81377 Munich, Germany; anton.burkhardmeier@med.uni-muenchen.de (A.B.-M.)

Department of General, Visceral and Vascular Surgery, Friedrich-Schiller University Jena,

07747 Jena, Germany

Orthopaedic Oncology, Department of Orthopaedics and Trauma Surgery, University Hospital,
Ludwig-Maximilians-University (LMU) Munich, 81377 Munich, Germany

Department of General, Visceral and Transplantation Surgery, University Hospital,
Ludwig-Maximilians-University (LMU) Munich, 81377 Munich, Germany

Department of Radiation Oncology, University Hospital, Ludwig-Maximilians-University (LMU) Munich,
Marchioninistr. 15, 81377 Munich, Germany

Institute of Pathology, Ludwig-Maximilians-University (LMU) Munich, 81377 Munich, Germany
Correspondence: luc.berclaz@med.uni-muenchen.de (L.M.B.); thomas.knoesel@med.uni-muenchen.de (T.K.)

Simple Summary: T cell immunoglobulin and mucin domain-containing protein 3 (TIM-3) acts as an
immune checkpoint on exhausted T cells and has been associated with dismal outcomes in various
solid tumors. TIM3 is currently being evaluated as an immunotherapeutic target in multiple clinical
trials. Our study shows the significant tumor cell expression of TIM-3 in specific subsets of patients
with high risk soft tissue sarcomas (HR-STS). We demonstrate an interaction between TIM-3, tumor
infiltrating lymphocyte (TIL) counts and PD-1/PD-L1 expression in patients with HR-STS. TIM-3
could qualify as a potential immunotherapeutic target in HR-STS.

Abstract: (1) Background: The expression of T cell immunoglobulin and mucin domain-containing
protein 3 (TIM-3), an immune checkpoint receptor on T cells, has been associated with dismal
outcomes and advanced tumor stages in various solid tumors. The blockade of TIM-3 is currently
under examination in several clinical trials. This study examines TIM-3 expression in high-risk
soft tissue sarcomas (HR-STS). (2) Methods: Tumor cell expression of TIM-3 on protein level was
analyzed in pre-treatment biopsies of patients with HR-STS. TIM-3 expression was correlated with
clinicopathological parameters including tumor-infiltrating lymphocyte (TIL) counts, programmed
cell death 1 (PD-1) and programmed cell death ligand 1 (PDL-1) expression in patients with HR-STS.
Survival dependent on the expression of TIM-3 was analyzed. (3) Results: TIM-3 expression was
observed in 101 (56%) out of 179 pre-treatment biopsies of patients with HR-STS. TIM-3 expression
was significantly more often observed in undifferentiated pleomorphic sarcomas (UPS) compared
to other histological subtypes (p < 0.001), high TIL counts (p < 0.001), and high PD-1 (p < 0.001) and
PD-L1 expression (p < 0.001). TIM-3 expression did not have a prognostic impact on survival in
patients with HR-STS. (4) Conclusions: This is the first study to demonstrate a significant tumor
cell expression of TIM-3 in specific subsets of patients with HR-STS. TIM-3 qualifies as a potential
immunotherapeutic target in HR-STS.
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1. Introduction

High-risk soft tissue sarcomas (HR-STS) are rare tumors with multiple distinct histopa-
thological subtypes, the most common being liposarcoma, leiomyosarcoma and undif-
ferentiated pleomorphic sarcomas (UPS). They account for approximately 1% of adult
malignancies [1,2]. Despite optimal local treatment, almost half of patients will die within
5 years of their diagnosis [3,4]. In patients with advanced and metastatic soft tissue sar-
comas, median survival rates range around 12-18 months [5-8]. Standard treatment for
locally advanced and metastatic HR-STS is systemic chemotherapy with anthracycline-
based regimens [9-11]. Different second- or third-line regimens, including trabectedin,
or targeted therapies such as pazopanib have been approved in recent years, with only
limited effects on PFS and OS [12,13]. Considering the lack of efficient therapy lines and
poor survival rates, there is a great need for new systemic treatment strategies.

While checkpoint inhibitors (CPI) revolutionized the treatment of multiple cancers
with high somatic mutation rates such as melanoma and lung cancer, they have demon-
strated only limited effects in sarcomas and are currently not part of international treatment
guidelines [14-18]. T cell immunoglobulin and mucin domain-containing protein 3 (TIM-3),
an emerging immune checkpoint receptor, is a member of the TIM family and was orig-
inally identified as a receptor expressed on interferon-y-producing CD4+ and CD8+ T
cells [19]. The working mechanisms of TIM-3 are not fully understood. In lymphocytes,
TIM-3 is recruited to the immunological synapse on T cell activation [20]. Depending on
the interplay with its interacting ligands such as CEACAM]1 or lectin galectin 9, TIM-3 is
differently phosphorylated and either permissive or inhibitory to T cell activation [21,22].
TIM-3 is expressed in different tumor cells, including lung cancer and melanoma [23,24]. It
is co-stimulated and co-regulated with other checkpoint receptors, and the co-expression
of TIM-3 with PD-1 is associated with a specific subset of particularly dysfunctional or
“exhausted” T cells [22]. TIM-3+/PD-1+ cells appear to express significantly lower amounts
of effector cytokines such as IFN-y, TNF and IL-2 [25]. Both checkpoint receptors are
co-regulated by immunosuppressive cytokines such as IL-27, which finally results in a
diminished immune response in cancer and chronic viral infections [25-27]. The expression
of TIM-3 was associated with a poor overall survival and advanced tumor stages in several
solid malignancies, including colorectal and non-small cell lung cancer [28]. In soft tissue
and bone sarcomas, TIM-3 expression in tumor-infiltrating lymphocytes (TIL) did not
significantly correlate with PFS or OS in previous studies [29,30].

TIM-3 inhibition has shown promising results in pre-clinical models and is currently
being evaluated as a novel immunotherapeutic approach in several clinical trials [31-34].
Clinical trials often combine TIM-3 inhibitors with checkpoint inhibitors targeting PD-1,
as pre-clinical models demonstrated a synergistic effect and a better restoration of T cell
responses in CPI “co-blockades” [25,35,36]. Ongoing clinical trials include NCT03446040
combining an anti-TIM-3 antibody with Nivolumab, and NCT03744468 combining anti-
TIM-3 antibodies with Tislelizumab. In the present study, we analyzed the tumor cell
expression of TIM-3 in a large and well-characterized cohort of HR-STS patients with
long-term follow-up. We correlated our findings with clinical tumor characteristics, tumor-
infiltrating lymphocyte (TIL) counts, PD-1 and PD-L1 expression status, and survival data.
Our study demonstrates a significant expression of TIM-3 in specific subsets of patients
with HR-STS.

2. Materials and Methods
2.1. Patient Selection

An exploratory retrospective cohort study design was chosen to address the research
question. Eligible patients had pathologically confirmed high-risk soft tissue sarcoma
(Tumor diameter 5 cm or larger, French Fédération Nationale des Centres de Lutte Contre
le Cancer (FNCLCC) grade 2 or 3, deep to the fascia). Clinical, pathological, and outcomes
data were extracted from our clinical sarcoma database. Most patients were to receive
a multimodal treatment including neoadjuvant doxorubicin-based chemotherapy and
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regional hyperthermia (RHT), surgery, adjuvant chemotherapy + RHT and radiotherapy in
select cases. Treatment continued unless disease progression or unacceptable toxic effects
occurred. Follow-up was performed until December 2022.

2.2. Histopathology and Tissue Microarray Construction

Tumor samples originated from tumor biopsies that were taken before the initiation
of neoadjuvant treatment at the Ludwig Maximilians University hospitals, Munich. In
addition to the original pathology reports, microscopic findings (tumor type according
to current WHO classifications and degree of differentiation) were reassessed. For tissue
microarray (TMA) assembly, representative tumor areas were marked on H&E-stained
slides of formalin-fixed, paraffin-embedded tumor samples from all patients according to
standard procedures, and two 0.6 mm punch biopsies were taken from each sample [37].
Normal tonsillar tissue samples were used as controls on the TMA. In the end, seven tissue
microarrays containing 179 pre-treatment tumor samples from 179 patients with high-grade
soft tissue sarcomas (HR-STS) were constructed.

2.3. TIM-3 Immunohistochemistry

For the immunohistochemical detection of TIM-3, commercially available and vali-
dated monoclonal antibodies were used (TIM-3 D5D5R, Cell Signaling Tech., Danvers, MA,
USA). Antigen retrieval was carried out by heat treatment with Target Retrieval Solution
Citrate (Agilent Technologies, Santa Clara, CA, USA). Staining was performed on a Ventana
Benchmark XT Autostainer (Ventana Medical Systems, Tucson, AZ, USA) with a DAB+
Kit (Agilent Technologies, Santa Clara, CA, USA). All slides were counterstained with
hematoxylin (Vector Laboratories, Burlingame, CA, USA). An ImmPRESS Anti-Rabbit
IgG Polymer Kit was used for detection (Vector Laboratories, Burlingame, CA, USA). To
exclude unspecific staining, system controls were included. Tonsillar tissue served as a
positive control for immunohistochemistry. The immunostaining of cells was evaluated and
scored semi-quantitatively (0 = negative; 1 = >5% positive and weakly stained, 2 = >25%
positive and moderately stained, 3 = >50% positive and strongly stained). All immuno-
histochemical and pathologic evaluations were carried out independently and blinded
with an experienced sarcoma pathologist (T.K.). In the case of discrepancy, the slides were
reevaluated under a multiheaded microscope and a consensus was reached.

2.4. TILs, PD-1 and PD-L1

Tumor-infiltrating lymphocytes (TILs), PD-1 and PD-L1 were previously investigated
in our HR-STS cohort [38,39]. TILs were counted per high-power field (HPF) (400 x magni-
fication, field of view 0.237 mm?) in H&E-stained TMA slides. As previously described,
slides were pre-treated with heat and Target Retrieval solution (51699, Agilent, Santa Clara,
CA, USA) before incubation with the monoclonal primary anti-PD-1 mouse antibody (315M;
1:80; Cell Marque, Rocklin, CA, USA) for 60 min at room temperature. The Vectastain
Elite ABC HRP Kit (Vector Laboratories, Burlingame, CA, USA) and the chromogen DAB+
(Agilent) were used for detection, and Hematoxylin (Vector Laboratories) for counter-
staining. For PD-L1 staining, slides were pre-treated with heat and the Epitope Retrieval
Solution pH8 Novocastra (Leica Biosystems, Wetzlar, Germany) before incubation with the
monoclonal primary anti-PD-L1 rabbit antibody (E1L3N; 1:50; Cell Signaling Technology,
Danvers, MA, USA) for 60 min at room temperature. We used the SignalStain Boost IHC
Detection Reagent (Cell Signalling Technology) and the chromogen DAB+ (Agilent) for
detection according to previous studies [39].

2.5. Statistical Analysis

Categorical variables were tested for independence using the Chi square test. Binary
variables were compared using Fisher’s Exact Test, and continuous variables were com-
pared using t-tests. Logistic regression was used for univariate and multivariate analyses.
The forward stepwise procedure was set to a threshold of 0.05. Data analysis was performed
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using SAS 9.4 (SAS Inst Inc., Cary, NC, USA). All p-values were based on a two-tailed
hypothesis test, with values less than 0.05 considered statistically significant.

3. Results
3.1. Patient Cohort

In total, 179 patients treated between 1997 and 2019 were included in this study.
The median age was 54 years (range, 18-79 years), and 87 (48.6%) patients were female.
The most common histological subtypes were undifferentiated pleomorphic sarcomas
(UPS) (33%), leiomyosarcomas (17%), and liposarcomas (22%). The clinicopathologic
characteristics of the study cohort are summarized in Table 1.

Table 1. Patient characteristics.

Factor Strata n %
Total 179 100
S Male 92 51
eX Female 87 49
Uurs 59 33
Liposarcoma 40 22
Leiomyosarcoma 31 17
Synovial sarcoma 18 10
. . MPNST 12 7
Histological subtype Angiosarcoma 5 3
Malignant SFT 2 1
Dediff. 3 ”
chondrosarcoma
Myxofibrosarcoma 5 3
Other 4 2
L . Extremities 71 40
ocation Non-Extremities 108 60
50-79 mm 46 26
Size of primary tumor (cm) 80-120 mm 62 35
>120 mm 71 40
p ” No 167 93
resence of metastases Yes 12 7
Intermediate (G2) 89 50
FNCLCC Grade High (G3) 90 50
0 78 44
. 1 56 31
TIM-3 expression (Grades 0-3) ’ 37 21
3 8 4
Follow-up status 5 years after initial Alive 108 60
diagnosis Dead 71 40
Local recurrence within 5 years after No local recurrence 91 60
RO/R1 resection Local recurrence 61 40
Distant recurrence within 5 years after ~ No distant recurrence 103 68
RO/R1 resection Distant recurrence 49 32

UPS: Undifferentiated Pleomorphic sarcoma. SFT: Solitary fibrous tumor. MPNST: Malignant periph-
eral nerve sheath tumor. Other: 1 rhabdomyosarcoma, 1 alveolar soft part sarcoma, 1 carcinosarcoma,
1 extraosseous osteosarcoma.

3.2. TIM-3 Expression in High-Risk Soft Tissue Sarcomas (HR-STS)

TIM-3 expression was observed in 101 (56%) out of 179 pre-treatment biopsies of
patients with HR-STS. Examples of immunohistochemistry staining for TIM-3 are shown
in Figure 1. TIM-3 was more often positive in male than female patients (64% vs. 48%,
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p = 0.036) and associated with older age (67% vs. 47%, p = 0.010). TIM-3 expression
was more common in undifferentiated pleomorphic sarcomas (UPS) compared to other
histological subtypes (75% vs. 47%, p < 0.001). There was no significant association between
TIM-3 expression and FNCLCC grade (p = 0.229). A large proportion of patients received
neoadjuvant anthracycline-based chemotherapy (80%), and nearly all patients underwent
RO/R1 resection (n = 152, 89%) (Table 2).

TIM-3 expression

Figure 1. Stained tissue microarray (TMA) cores. Representative micrographs of cores on a TMA
stained for TIM-3. Numbers represent semiquantitative scoring of immunostaining: 0, negative.
1-3, positive. Magnification, 20 x.

Table 2. Correlation between TIM3 expression and clinicopathological parameters.

Factor Strata Total TIM-3 >0 p-Value
n n %
All Patients 179 101 56 -
Male 92 59 64
Sex Female 87 4 48 0.036
Age at initial diagnosis <55 92 43 47 0.010
(years) >55 87 58 67 ’
UPS 59 44 75
. . Liposarcoma 31 11 35
Histological subtype Leiomyosarcoma 40 2% 65 <0.001

Other 49 20 41
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Table 2. Cont.

Factor Strata Total TIM-3 >0 p-Value
. Extremities 71 47 66
Tumor Location Non-extremities 108 54 50 0.045
Intermediate (G2) 89 46 52
FNCLCC Grade High (G3) 90 55 61 0.229
RO 69 48 70
. . R1 83 41 49
Surgical margins R2 14 4 29 0.011
No resection 13 8 62
Yes 134 80 60
Chemotherapy No 45 1 47 0.164
Yes 30 16 53
Radiotherapy No 106 48 45 0.535
Missing 43
Regional Hyperthermia Yes 139 86 62 0.007
(RHT) No 40 15 38 :
0-5 108 46 43
TIL counts
>6 70 54 77 <0.001
(cells/50HPF) Missing 1
0 61 18 30
PD-1 expression >0 77 46 60 <0.001
Missing 41
. 0 139 66 47
PD-L1 expression >0 34 31 91 <0.001

3.3. TIM-3 Expression Is Associated with TILs, PD-1 and PD-L1 Expression Status

TIM-3 expression was associated with high tumor-infiltrating lymphocyte (TIL) counts
(77% vs. 43%, p < 0.001), high positive PD-1 (60% vs. 30%, p < 0.001) and positive PD-L1
expression (91% vs. 47%, p < 0.001). We performed a logistic regression analysis of
TIM-3 expression using an inclusion approach. Sex, age, increased TIL counts, PD-L1
expression and UPS histological subtype remained statistically significant predictors of
TIM-3 expression (Table 3).

Table 3. Multiple logistic regression model of relevant clinicopathological parameters.

Factor Strata Significance Hazard Ratio 95.0% CI
Sex Male vs. Female 0.026 2.289 (1.106-4.737)
Age <55 vs. >55 0.027 1.030 (1.003-1.056)
TIL counts 0-5vs. >6 0.002 3.499 (1.565-7.823)
PD-L1 expression 0vs. >0 0.001 9.173 (2.420-34.772)
Histology UPS vs. other subtypes 0.038 2.316 (1.046-5.128)

3.4. TIM-3 Expression and Survival

The median follow-up duration was 119 months (95% CI 109-128 months). In total,
71 patients (40%) died within 5 years after diagnosis. Statistically significant risk factors
for an unfavorable outcome in univariate survival analysis were positive surgical margins
(p <0.001), grade (p = 0.015), presence of distant metastases (p < 0.001) and chemotherapy
(p = 0.010) (Table 4). Expression of TIM-3 was not associated with statistically significant
changes in overall survival (p = 0.339) (Figure 2).
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Table 4. Univariate and multivariate analysis of overall survival.

Univariate Multivariate
Factor Strata Sig. Hazard Ratio Sig. Hazard Ratio
Sex Male vs. Female 0.366 0.806 (0.505-1.287)
Age 1 year step 0.678 1.003 (0.987-1.020)
Grade G2vs. G3 0.015 1.812 (1.122-2.926) 0.014 1.889 (1.139-3.133)
. . 7.310 6.866
Surgical margins RO/1 vs. R2 <0.001 (4.339-12.318) <0.001 (3.815-12.357)
Distant metastases MO vs. M1 <0.001 4.187 (2.119-8.273) 0.003 3.059 (1.476-6.341)
PD-L1 expression 0vs. >0 0.180 1.455 (0.840-2.520) 0.542 1.227 (0.636-2.364)
TIL counts 0-5vs. >6 0.830 1.055 (0.649-1.713) 0.247 1.406 (0.790-2.502)
TIM3 expression 0vs. >0 0.342 0.798 (0.501-1.271) 0.246 1.403 (0.792-2.483)
Histology UPS vs. other 0.259 0.759 (0.470-1.226)
Tumor location Extremities vs. 0.285 1.302 (0.802-2.112)
non-Extremities
Chemotherapy Yes vs. no 0.010 1.912 (1.168-3.129) 0.498 1.212 (0.695-2.114)
Radiotherapy Yes vs. no 0.241 1.440 (0.783-2.647)
Regional | Yes vs. no 0.749 1.091 (0.639-1.865)
hyperthermia
PD1 expression Ovs>0 0.106 1.521 (0.914-2.530)
TIM-3 x PDL1 Both 0 vs. both >0 0.690 1.133 (0.613-2.095)
TIL > 6 and TIM-3 > 0 vs.
TIL x TIM-3 TIL < 6 and TIM-3 = 0 0.599 0.848 (0.459-1.566)
TIM-3 x PD1 Both 0 vs. both >0 0.323 1.372 (0.733-2.569)
TIM3
1.0 = -0
>0
_ 08
o
>
z
2 06
T
o
s
S 04
O
o
02
00
0 12 24 36 48 60

Months after diagnosis

Figure 2. Overall survival according to TIM-3 expression.

Observed 5-year overall survival (OS) was not significantly influenced by TIM-3 ex-
pression in different histological subtypes (UPS (p = 0.207), leiomyosarcoma (p = 0.660),
liposarcoma (p = 0.767), and other histological subtypes (p = 0.681)). All tested immune
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markers including TIM-3, PD-1, PD-L1 and tumor-infiltrating lymphocytes (TIL) did not
have a statistically significant impact on 5-year OS in univariate analysis. In a multivari-
ate Cox proportional hazards model, grade (p = 0.014), surgical margins (p < 0.001), and
presence of distant metastases (p = 0.003) remained statistically significant independent pre-
dictors of 5-year OS. In conclusion, TIM-3 did not have a statistically significant prognostic
impact on overall survival.

4. Discussion

To our knowledge, this is the first study to analyze the tumor cell expression of TIM-3,
anovel immune checkpoint receptor and potential biomarker, in a well-characterized cohort
of patients with HR-STS. TIM-3 expression was observed in 56% of patients. Our analysis
indicates that patients with undifferentiated pleomorphic sarcomas (UPS), male gender,
age > 55 years and high expression of other immune markers (high TIL counts, positive
PD-1 and PD-L1 expression) are more likely to demonstrate strong TIM-3 expression. These
results remain significant in a logistic regression model, and indicate that specific subgroups
of patients with HR-STS are more likely to express TIM-3.

We demonstrate the strong tumor cell expression of TIM-3 in undifferentiated pleo-
morphic sarcomas compared to other histological subtypes (75% vs. 47%, p < 0.001). UPS
belong to non-translocation associated sarcomas and are associated with abundant immune
infiltrates due to a higher mutational burden, higher neoantigen counts, and greater in-
tratumoral heterogeneity compared to other entities [40]. Dancsok et al. described higher
levels of PD-1, PD-L1 and TIM-3 expression on tumor-infiltrating lymphocytes in non-
translocation-associated sarcomas including UPS [29]. In a study by Klaver et al., UPS
had the highest fraction of PD-1+/LAG3+/TIM-3+/CD8+ T cell infiltrates, which was
comparable to known “immune-dense” tumors such as malignant melanoma [41]. These
findings correlate with clinical studies on immune checkpoint inhibitors in sarcomas, where
UPS generally were among the best responders [14,17,42]. The strong expression of TIM-3
in UPS tumor cells supports the notion of an immunogenic signature in both tumor cells
and immune infiltrates in this entity.

Our results suggest differences in TIM-3 expression according to age and sex. Re-
itsema et al. have provided evidence that both age and sex modulate the expression of
immune checkpoints by human T cells [43]. Interestingly, their results described a decline
in PD-1 expression with age and female sex, while our results demonstrate a stronger
expression of TIM-3 in male patients > 55 years of age. Age-related differences in immune
checkpoint expression have shown direct effects on the treatment efficacy in other tumors,
including head and neck cancer or malignant melanoma [44,45]. In consequence, age- and
sex-associated differences in TIM-3 expression should be considered as relevant clinical
parameters in ongoing clinical trials.

In addition to TIM-3, 60% of patients demonstrated a significant co-expression of
PD-1. The expression of PD-L1 in combination with TIM-3 was observed in 91% of patients.
In pre-clinical models, the co-expression of TIM-3 and PD-1 was observed in strongly
dysfunctional T cells [25,27,46]. In addition, Koyama et al. demonstrated that TIM-3 can be
upregulated as a result of PD-1-directed therapy [35]. With regard to these results, studies
in murine models of melanoma, colorectal cancer and AML have analyzed checkpoint
co-blockades, and demonstrated greater T cell responses following TIM-3 and PD-1 co-
blockades compared to PD-1 inhibition alone [36,47,48]. In metastatic sarcomas, D’ Angelo
et al. have demonstrated increased response rates in co-blockades with anti-PD-1 and
anti-CTLA4 antibodies, while anti-CTLA4 antibodies did not prove effective [17]. Our
results provide an additional rationale for checkpoint co-blockades in high-risk soft tissue
sarcomas, and support current clinical trials on combinations of anti-TIM-3 and anti-PD-1
antibodies in solid tumors.

We were not able to demonstrate differences in overall survival (OS) in TIM-3+ vs.
TIM-3- patients with high-risk soft tissue sarcomas (p = 0.339). These results are in line
with previous studies on TIM-3 in soft tissue and bone sarcomas: Ligon et al. analyzed



Cancers 2023, 15, 2735

9of 12

tumor-infiltrating lymphocytes in osteosarcoma pulmonary metastases and compared them
with primary bone tumors. While PD-L1 and LAGS3 significantly predicted progression-free
survival (PFS), there was no correlation between TIM-3 status and survival [30]. In addition,
Dancsok et al. were not able to correlate TIM-3 expression on tumor-infiltrating lympho-
cytes of soft tissue and bone sarcomas with OS or PFS [29]. In contrast, a meta-analysis
conducted by Zhang et al. reported significantly shorter OS rates and advanced tumor
stages in patients with positive TIM-3 expression in various solid tumors including colon
cancer, gastric cancer, renal cell carcinoma and non-small cell lung cancer (NSCLC) [28].
Furthermore, Wang et al. associated TIM-3 expression with a shorter OS in esophageal
squamous cell carcinoma [49]. It is currently not clear why there seems to be no significant
association between survival and TIM-3 expression in high-risk soft tissue sarcomas. Possi-
ble reasons could be the large number of histological subtypes and typically small sample
size in rare tumors.

Our results demonstrate TIM-3 expression in tumor cells of patients with high-risk
soft tissue sarcomas. These findings indicate that tumors with low tumor-infiltrating
lymphocyte (TIL) counts can still express TIM-3 and perhaps benefit from future TIM-3
targeting therapies. Currently, there are only limited data on TIM-3 expression in tumor
cells: Wiener et al. demonstrated the expression of TIM-3 in melanoma cells, and Zhuang
et al. were able to detect TIM-3 in non-small cell lung cancer (NSCLC) [23,24]. In their
study, TIM-3 stained positive on tumor cells in 86.7% of patients with primary NSCLC, and
was associated with higher T classification and shorter OS. Interestingly, TIM-3 only stained
positive in tumor cells and tumor-infiltrating lymphocytes, but not in normal (control) lung
tissue, which adds to the current notion of TIM-3 playing an active role in carcinogenesis.

In addition to the typical limitations of a retrospective study design and immunohis-
tochemical analyses, not all patients underwent the same treatment, which could have
an impact on our survival analyses. In conclusion, new systemic therapy options are
needed for high-risk soft tissue sarcomas. Immunotherapeutic approaches have become
a cornerstone of modern oncology, with many drugs becoming approved for a variety of
tumors. This study might help us to better select the patients with HR-STS who might
express higher levels of TIM-3, and therefore be candidates for potential new clinical trials.

5. Conclusions

To date, checkpoint inhibitors have shown only limited efficacy in patients with high-
risk soft tissue sarcomas (HR-STS). Selective TIM-3 blockade has demonstrated promising
results in pre-clinical trials, and acts as a potential immunotherapeutic target in combination
with established checkpoint inhibitors in ongoing clinical trials. This is the first study to
demonstrate a significant tumor cell expression of TIM-3 in specific subsets of patients with
HR-STS. We were able to correlate TIM-3 expression with high levels of tumor-infiltrating
lymphocytes and PD-1/PD-L1 expression. Our results promote the identification of poten-
tial candidates for immunotherapy in HR-STS to expand therapeutic options and move on
from the current “one-size-fits-all” paradigm in the therapy of advanced HR-STS.
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