Pathology - Research and Practice 260 (2024) 155468

ELSEVIER

Contents lists available at ScienceDirect
Pathology - Research and Practice

journal homepage: www.elsevier.com/locate/prp

£ PATHOLOGY

RESEARCH
AaND
PRACTICE

t.)

Check for

Expression of immune checkpoint molecules TIGIT and TIM-3 by o
tumor-infiltrating lymphocytes predicts poor outcome in sinonasal

mucosal melanoma

a,*

Stephan Ledderose

2 Institute of Pathology, Faculty of Medicine, LMU Munich, Munich, Germany

, Carola Ledderose ”, Georg J. Ledderose “*

Y Department of Surgery, Division of Surgical Sciences, University of California San Diego, San Diego, CA, USA
¢ Department of Otorhinolaryngology, Head and Neck Surgery, University Hospital of LMU Munich, Munich, Germany

4 ENT-Center Dr. Liibbers & Kollegen, Weilheim, Germany

ARTICLE INFO ABSTRACT

Keywords: Background: Sinonasal mucosal melanoma (SNMM) is a rare but aggressive tumor with a poor prognosis. The co-

LAG-3 inhibitory receptors T cell immunoglobulin and mucinodomain containing-3 (TIM-3), lymphocyte activation

TII\(;I-S gene-3 (LAG-3) and T cell immunoglobulin and immunoreceptor tyrosine-based inhibitory motif domain (TIGIT)
Eelgloma are promising new targets in anti-cancer immunotherapy. The expression profiles of these immune checkpoint
Sinonasal molecules (ICMs) and potential prognostic implications have not been characterized in SNMM yet.

Immunotherapy Methods: Immunohistochemical staining for TIGIT, LAG-3 and TIM-3 was performed on tumor tissue samples

from 27 patients with primary SNMM. Associations between ICM expression and demographic parameters, AJCC
tumor stage, overall survival, and recurrence-free survival were retrospectively analyzed.

Results: SNMM patients with low numbers of TIGIT+ and TIM-3+ tumor infiltrating lymphocytes (TILs) in the
primary tumor survived significantly longer than patients with a high degree of TIGIT+ and TIM-3+ TILs. High
infiltration with TIM-3+ or TIGIT+ lymphocytes was associated with the higher T4 stage and decreased 5-year
survival.

Conclusion: We identified high densities of TIM-3+ and TIGIT+ TILs as strong negative prognostic biomarkers in
SNMM. This suggests that TIM-3 and TIGIT contribute to immunosuppression in SNMM and provides a rationale
for novel treatment strategies based on this next generation of immune checkpoint inhibitors. Prospective studies

with larger case numbers are warranted to confirm our findings and their implications for immunotherapy.

1. Introduction

Sinonasal mucosal melanoma (SNMM) is a rare but highly aggressive
tumor entity with a poor prognosis [1]. Accounting for only 1.4 % of all
melanomas, SNMM remains poorly understood in terms of risk factors
and pathogenesis and evidence regarding treatment strategies is pri-
marily derived from small retrospective case series [2,3]. The current
standard of care involves a multimodal approach, comprising radical
local tumor resection followed by adjuvant radiotherapy [4]. As diag-
nosis is usually delayed due to nonspecific symptoms, local infiltration
into neighboring anatomical structures such as the large neck vessels,
the orbita or the brain is often already present at the time of diagnosis
[3]. In addition, approximately 20 % of patients initially present with
lymph node metastases, and 10 % suffer from distant metastases [5].

The advanced local and systemic spread of the tumor frequently impedes
curative resection, necessitating drug-based systemic therapy [2,6].
While cytotoxic chemotherapy previously constituted the mainstay of
medical treatment for advanced SNMM, immune checkpoint inhibitors
(ICIs) are now increasingly being used and often serve as the treatment
of choice in both adjuvant and metastatic settings [3].

ICI therapy, specifically with inhibitors of programmed cell death
protein 1 (PD-1), its ligand (PD-L1) and cytotoxic T-lymphocyte-asso-
ciated protein 4 (CTLA-4), is well established in cutaneous malignant
melanoma (CM), which is the most common type of melanoma, and has
significantly improved the prognosis of CM patients [7]. However,
SNMMs are genetically and clinically distinct from CM and limited data
exists regarding the effectiveness of ICIs in SNMM [3,8,9]. Pooled ana-
lyses of clinical studies indicate notably lower response rates to current
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Fig. 1. Immune checkpoint molecule expression in sinonasal mucosal mela-
noma (SNMM). A Exemplary histomorphology of SNMM (H&E staining; x 10).
B-G Representative images displaying infiltration of SNMMs with low (B, D, F)
or high (C, E, G) numbers of LAG-3+ (B, C), TIM-3+ (D, E) and TIGIT+ (F, G)
tumor infiltrating lymphocytes are shown (x 20; scale bars 200 pm).

anti-CTLA-4 and anti-PD-1 ICIs in SNMM patients compared to CM pa-
tients [10-12]. Furthermore, ICIs may be associated with
immune-related adverse events, which can affect up to 60 % of SNMM
patients [13-15]. There is therefore a need for characterizing other
potential immuno-oncological targets in SNMM and identifying patients
who may benefit from immunotherapy [8,16].

Recent advances in understanding the tumor microenvironment

Pathology - Research and Practice 260 (2024) 155468

(TME) and tumor immunology have led to the identification of several
new and promising targets for ICI therapy, including T cell immuno-
globulin and mucinodomain containing-3 (TIM-3), lymphocyte activa-
tion gene-3 (LAG-3) and T cell immunoglobulin and immunoreceptor
tyrosine-based inhibitory motif domain (TIGIT) [17,18]. These im-
mune checkpoint molecules (ICMs) modulate the complex interactions
between tumor-infiltrating lymphocytes (TILs) and tumor cells [17].
Increased expression of these ICMs on TILs contributes to suppression of
the antitumor immune response and is associated with advanced tumor
stages and worse outcomes in numerous malignant tumors, including
CM [14,19,20]. Consequently, studies have demonstrated that phar-
macological blockade of LAG-3, TIM-3 and TIGIT can enhance the
antitumor immune response across various cancer types, resulting in
reduced tumor size and an improved prognosis (reviewed in [17,21]).
However, the expression patterns and prognostic significance of these
newly identified immunoregulatory proteins have not been investigated
in SNMM so far. In this study, we analyzed the expression of LAG-3,
TIM-3 and TIGIT in SNMM and evaluated their prognostic value.

2. Materials and methods

The study was approved by the medical ethics committee of Ludwig
Maximilian University (LMU) Munich and carried out in compliance
with the principles outlined in the Declaration of Helsinki.

2.1. Patients

This retrospective study was conducted using a well-characterized
cohort of 27 patients who underwent surgery for SNMM at the Depart-
ment of Otorhinolaryngology, Head and Neck Surgery (LMU Munich)
[22]. Exclusion criteria comprised extensive malignant infiltration of
critical structures such as the brain, skull base, carotid artery or pre-
vertebral space as well as a history of chemotherapy or immunotherapy
prior to surgery. In addition, patients with malignant melanomas at
other sites or distant metastases at the time of diagnosis were excluded.
Staging was performed according to the TNM/AJCC classification for
upper aero-digestive tract mucosal melanomas [23]. Post-surgery, all
patients received adjuvant radiotherapy at varying doses. Chemo-
therapy or immunotherapy was administered inconsistently during the
further course of the disease. Patient characteristics, clinicopathological
parameters, recurrence-free survival time and overall survival time were
documented and analyzed for association with LAG-3+, TIM-3+ and
TIGIT+ TILs.

2.2. Immunohistochemical analysis

Immunoreactivity for LAG-3, TIM-3, and TIGIT in TILs was examined

Table 1
Correlation between expression of immune checkpoint molecules and demographic or clinicopathological parameters.
LAG-3 TIM-3 TIGIT
low high OR P low high OR p low high OR p
n=23 n=4 high vs. low n=13 n=14 high vs. low n=10 n=17 high vs. low
(95 % CI) (95 % CD) (95 % CI)
Age at diagnosis 0.45t 0.31} 0.21t
(years)
mean 67 73 65 71 63 71
median 70 82 65 74 63 74
range 47-89 33-94 47-81 33-94 47-76 33-94
Sex 0.29% 0.05% 0.42%
male (%) 14 (61) 1(25) 10 (77) 5(36) 7 (70) 8 (47)
female (%) 9(39) 3(75) 3(23) 9 (64) 3 (30) 9 (53)
Tumor Stage 0.600} 0.033* 0.046}*
T3 (%) 11 (48) 3 (75) Reference 10 (77) 4 (28) Reference 8 (80) 6 (35) Reference
T4 (%) 12(52) 1(25) 0.3(0.03-3.4) 3(23) 10 (71) 8.3 2(20) 11 (65) 7.3(1.2-46.2)
(1.5-47.2)

Tt test; {Fisher’s exact test. OR: odds ratio; CI: confidence interval. *p<0.05.
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Fig. 2. LAG-3, TIM-3 and TIGIT expression by tumor infiltrating lymphocytes
(TILs) does not affect recurrence-free survival in sinonasal mucosal melanoma
(SNMM). SNMM patients were stratified according to the degree of infiltration
with LAG-3+ (A; low: n = 23; high: n = 4), TIM-3+ (B; low: n = 13; high: n =
14) and TIGIT+ (C; low: n = 10; high: n = 17) TILs and recurrence-free survival
was plotted for each group using the Kaplan-Meier method. Differences be-
tween groups were tested for statistical significance with the log-rank test.
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immunohistochemically on formalin-fixed and paraffin-embedded
(FFPE) tumor tissue samples from 27 patients with SNMM. Antigen
retrieval was conducted via heat treatment using Target Retrieval So-
lution (Agilent Technologies, Santa Clara, CA, USA; S1699) for LAG-3
and TIM3 and Novocastra Epitope Retrieval Solution pH 8.0 (Leica
Biosystems, Wetzlar, Germany; RE7116) for TIGIT staining. Slides were
subsequently incubated with rabbit monoclonal anti-human primary
antibodies against LAG-3 (1:600; Abcam, Berlin, Germany; EPR4392
(2)), TIGIT (1:150; Cell Signaling, Danvers, MA, USA; ESY1W), or TIM-3
(1:80; Cell Signaling; D5D5R) at room temperature for 60 minutes.
Bound antibodies were detected with ZytoChem Plus AP Anti-Rabbit
Polymer Kit (Zytomed Systems, Berlin, Germany; ZUC-031; LAG-3) or
ImmPRESS Anti-Rabbit IgG Polymer Kit (Vector Laboratories, Newark,
CA, USA; MP-7401; TIGIT and TIM-3). LAG-3 staining results were
visualized using Permanent AP Red (Zytomed, ZUCO001) as a chromogen,
while DAB- (Agilent Technologies; K3468) was used as the chromogen
for TIGIT and TIM-3 staining. Sections were finally counterstained with
hematoxylin (Vector Laboratories; H-3401), dehydrated, and mounted.
Positive controls for each biomarker were derived from tonsil tissue and
included in every staining run.

2.3. Semiquantitative analysis of co-inhibitory receptor expression

The presence of LAG-3+, TIM-3+, and TIGIT+ TILs was examined by
immunohistochemistry and quantified using the lymphocyte score
(LScore) as previously described [16,24]. In brief, the LScore for each
case was determined by adding the lymphocyte distribution score and
the lymphocyte density score. The lymphocyte distribution score ranged
from O to 3, indicating the extent of lymphocytes present within the
tumor tissue: 0 = absent, 1 = < 25 %, 2 = 25-50 %, and 3 = > 50 %.
Lymphocyte density, ranging from O to 3, was defined as follows: 0 =
absent, 1 = mild, 2 = moderate, and 3 = high. LScores ranged from 0 to
6, where scores from 0 to 2 were classified as low while scores from 3 to
6 were considered high. TILs within areas of necrosis were excluded
from the analysis. Representative images demonstrating various staining
patterns are shown in Fig. 1.

2.4. Statistical analyses

Primary endpoints were overall survival and recurrence-free sur-
vival. Overall survival was defined as the time from primary surgery to
the occurrence of death. Patients who were still alive at the end of
follow-up were censored. Recurrence-free survival refers to the time
from primary surgery to the onset of relapse, characterized by either
locoregional recurrence or distant metastasis as determined by radio-
logical imaging diagnostics. Patients were censored for recurrence-free
survival if there was no evidence of metastasis or relapse at the end of
follow-up or at the time of death. Survival curves were generated using
the Kaplan-Meier method and compared by the log-rank test. Associa-
tions between LAG-3+, TIM-3+, and TIGIT+ TIL infiltration and de-
mographic, clinicopathological, or survival parameters were assessed
using Student’s t-test for continuous variables and Fisher’s exact test for
categorical variables, and odds rations (OR) and 95 % confidence in-
tervals (CI) were computed. P values <0.05 were considered statistically
significant. All analyses were done with SigmaPlot 12.5 software (Systat
Software Inc., San Jose, CA, USA).

3. Results
3.1. Demographics and clinical characteristics

Patient and tumor characteristics have been published previously
[22]. Briefly, tumors were classified as either stage T3, T4a or T4b. The
mean age of all patients at the time of surgery was 68 (range: 33-94)
years. All patients underwent surgery with curative intent followed by
adjuvant radiotherapy. Chemotherapy or immunotherapy was
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Table 2
Correlation between expression of immune checkpoint molecules and outcome.
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Checkpoint molecule expression

vs. low expression

LAG-3 TIM-3 TIGIT LAG-3 high TIM-3 high TIGIT high

low high low high low high OR p OR p OR p

n=23 n=4 n=13 n=14 n=10 n=17 (95 % CI) (95 % CI) (95 % CI)
Recurrence-free 1.00 0.326 0.128

Survival
>3 years (%) 4(17) 0 (0) 3(23) 1) 3(30) 1(6) Reference Reference Reference
<3 years (%) 19(83) 4(100) 10(77) 13(93) 7 (70) 16 (94)  +oo (- +o0) 100 3.9(0.4-43.49) 6.9 (0.6 - 78.0)
Overall Survival 1.00 0.004* 0.004*
>5 years (%) 8 (35) 1(25) 8 (62) 1 7 (70) 2(12) Reference Reference Reference
<5 years (%) 15(65) 3 (75) 5(38) 13(99) 3(30) 15(88) 1.6(0.1 - 20.8 17.5
18.0) (2.0-211.8) (2.4-129.5)

OR: odds ratio; CI: confidence interval.
p < 0.05 (Fisher’s exact test).

administered to five (18.5 %) patients during the further course of the
disease. During follow-up, a total of 25 patients (93 %) died, 16 patients
(59.3 %) experienced local recurrence, regional lymph node metastases
occurred in 11.1 % and distant metastases were diagnosed in 40.7 %.

3.2. Associations between co-inhibitory receptor expression and
demographics and clinicopathological characteristics

Expression levels of LAG-3, TIM-3 and TIGIT in SNMM infiltrating
lymphocytes were scored as high or low and tested for associations with
demographic and clinicopathological characteristics (Table 1). A strong
infiltration with LAG-3+ TILs was observed in 4 tumors (14.8 %), with
TIM-3+ TILs in 14 tumors (51.9 %), and with TIGIT+ TILs in 17 tumors
(63.0 %), respectively. No significant associations were found between
age or gender and the expression patterns of co-inhibitory receptors (p =
0.05 - 0.45). While SNMM s are advanced by definition (stage T3 or T4),
high infiltration with TIM-3+ and TIGIT+ TILs were more likely among
tumors of stage T4 (p = 0.033 and p = 0.046, respectively). No statis-
tically significant associations were found between T stage and LAG-3+
TILs (p = 0.600).

3.3. Co-inhibitory receptor expression is not correlated with recurrence-
free survival

The median recurrence-free survival time of all patients was 15.7
months (range: 1.5-124.8). No significant change in recurrence-free
survival was found when comparing patients with high and low infil-
tration of LAG-3+, TIM-3+, and TIGIT+ TILs (Fig. 2). In agreement,
there were no statistically significant differences in 3-year recurrence-
free survival rates between SNMM patients with high and low infiltra-
tion of LAG-3+ (OR = +o0, CI = - - +o0), TIM-3+ (OR = 3.9,CI = 0.4 -
43.4), and TIGIT+ (OR = 6.9, CI = 0.6 — 78.0) TILs (Table 2).

3.4. TIM-3 and TIGIT expressing TILs are negatively associated with
overall survival

Median survival of all patients after initial surgery was 33.0 (range:
1.5-164.5) months. There was no significant correlation between LAG-3
expression patterns and overall survival (p = 0.64, Fig. 3A). However,
low infiltration of TIM-3+ and TIGIT+ lymphocytes into the tumor was
significantly correlated with prolonged overall survival (Fig. 3B-C). A
high number of TIM-3+ TILs was significantly linked to overall survival
of 5 years or less with an odds ratio of 20.8 (CI 95 % 2.0 - 211.8,p =
0.004). Similarly, significantly reduced 5-year overall survival rates
were observed for tumors with high TIGIT+ lymphocytic infiltration as
compared to tumors with a low degree of TIGIT+ TILs (OR = 17.5, CI
95 % 2.4-129.5, p = 0.004; Table 2).

4. Discussion

SNMMs represent highly malignant tumors with a very poor prog-
nosis and reported 5-year survival rates of 25 % or less [6]. While some
patients quickly undergo fatal tumor progression, others respond well to
therapy and maintain a stable disease for many years [6]. Presently,
predicting how individual patients will react remains challenging [6,
16]. To avoid subjecting patients to overly aggressive treatments and to
strike a balance between cancer control and therapy-related side effects,
identification of new prognostic biomarkers is imperative [15,16].
Given the rapidly advancing landscape of immunotherapy, exploring
corresponding target structures within tumor cells at the protein level
has proven advantageous [25]. In our study, we describe the expression
patterns of LAG-3, TIM-3, and TIGIT in SNMM and demonstrate that
TIM-3 and TIGIT can be used as prognostic markers for survival in
SNMM patients.

An effective antitumor immune response is crucial to prevent cancer
development and progression [26]. ICMs, expressed by both tumor and
immune cells, are important for orchestrating the adequate activation
and suppression of immune cell functions [27,28]. Tumor cells often
exploit these inhibitory mechanisms to evade immune surveillance [29].
ICIs are used to block those immunosuppressive pathways, thus pre-
venting immune evasion and restoring the host’s anti-tumor immune
response [30]. The first and still most commonly used ICIs are directed
against CTLA-4 and PD-1/PD-L1. While these drugs have been shown to
be effective in numerous solid and liquid malignant neoplasms, not all
patients benefit from these agents, and therapy resistance is common
[25]. Additionally, severe side effects like encephalitis, myocarditis and
pneumonitis can pose significant risks to cancer patients [25]. There-
fore, considerable efforts are focused on identifying new ICMs to
enhance treatment success, minimize toxicity and overcome therapy
resistance [31]. Among these emerging ICMs, LAG-3, TIM-3 and TIGIT
are considered the most promising targets for next-generation ICI ther-
apy [17,32].

LAG-3 is expressed on the cell membrane of various TIL subtypes [17,
33,34]. As a structural homolog of cluster of differentiation (CD) 4,
LAG-3 interacts with major histocompatibility complex (MHC) class II
proteins on antigen-presenting cells, interfering with the recognition
and binding of MHCII-bound tumor antigens by CD4 and the T cell re-
ceptor (TCR) [35]. In addition, LAG-3 crosslinking with CD3 can impair
T cell proliferation and cytokine secretion [36]. Thus, LAG-3 signaling
inhibits sufficient T cell activation and impairs T cell effector functions.
Consequently, studies have shown that LAG-3 contributes to immune
evasion in various malignant tumor entities and can mediate resistance
to ICI therapy even though the exact molecular signaling mechanisms
are not completely clear [17,37-39]. LAG-3 expression was described as
a negative prognostic factor in multiple cancers. For instance, a recent
meta-analysis found significant associations between high LAG-3
expression and worse overall survival in patients with carcinomas of
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Fig. 3. Infiltration of sinonasal mucosal melanoma (SNMM) with tumor infil-
trating lymphocytes (TILs) expressing TIM-3 or TIGIT is associated with
reduced overall survival. SNMM patients were stratified according to the degree
of infiltration with LAG-3+ (A; low: n = 23; high: n = 4), TIM-3+ (B; low: n =
13; high: n = 14) and TIGIT+ (C; low: n = 10; high: n = 17) TILs and overall
survival was plotted for each group using the Kaplan-Meier method. Differences
between groups were tested for statistical significance with the log-rank test.
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the bladder, kidney, cervix, esophagus, liver and pancreas [40]. High
LAG-3 expression was also associated with an impaired prognosis in
patients with CM [41]. In 2022, the FDA approved a combination
therapy of PD-L1 and LAG-3 inhibitors for the treatment of advanced CM
after this therapy was shown to significantly improve progression-free
survival [42]. First case reports have also reported promising results
of an anti-PD-L1/anti-LAG-3 therapy in SNMM [3,43]. In our patient
cohort, the percentage of SNMMs with a high LAG-3+ score was too
small to draw statistically meaningful conclusions. Further studies are
needed to determine the prognostic value of LAG-3 and its potential as a
novel ICI target in SNMM.

The co-inhibitory receptor TIM-3 is expressed by T cells, NK cells,
mast cells, B cells and macrophages [17,44]. Immunoregulatory func-
tions mediated via TIM-3 promote immune tolerance in the healthy
organism and prevent autoimmunity [45]. In cancer, upregulation of
TIM-3 has been implicated in T cell exhaustion and an insufficient
antitumor immune response [46,47]. Accordingly, studies have shown
that strong TIM-3 expression is associated with a poorer prognosis in
thyroid, lung, colon and gastric cancer [48-51]. In CM, TIM-3 expres-
sion correlated with poor clinical outcome and TIM-3 blockade led to
restored cytotoxicity of antitumor NK cells [52]. In our study, we found
that SNMMs frequently exhibit strong TIM-3+ TIL infiltrates. Consistent
with the results from other tumor entities, strong TIM-3 expression was
associated with a higher tumor stage and impaired overall survival.
These data suggest that TIM-3 can be used to predict outcome in SNMM
and may be a promising target for novel immunotherapies in SNMM
patients [18].

TIGIT, a co-inhibitory receptor of the immunoglobulin superfamily,
is expressed by T cells and NK cells and found at high levels in the TME
of various malignant tumors [53,54]. Upon ligand binding, TIGIT exerts
inhibitory effects on both innate and acquired immune responses by
preventing T cell activation and inhibiting NK cell functions [55,56]. An
increase in TIGIT+ TILs was observed in several malignancies, and high
TIGIT+ TILs are associated with worse prognosis in CM, non-small cell
lung cancer (NSCLC) and follicular lymphoma [57-59]. Currently,
clinical studies are underway to investigate the effects of TIGIT blockade
on patient outcomes in various types of cancer. While preliminary re-
sults had demonstrated significantly improved overall response rates
and survival times with anti-TIGIT therapy [17,60], other studies did not
find therapeutic benefits [17]. The reasons for these discrepancies in
treatment success across different tumor types remain unclear [17,38].
Here, we report dense TIGIT+ TILs in 63 % of the analyzed SNMM
cohort. Consistent with findings in other tumor types, high TIGIT
expression in TILs correlated with reduced overall survival and an
advanced tumor stage suggesting that TIGIT inhibitors may be prom-
ising therapeutic candidates in SNMM.

A limitation of our study is the comparatively small number of cases
of this rare disease, which prevented multivariate analysis of the data.
Nevertheless, our findings contribute to a more comprehensive charac-
terization of the next generation of immune checkpoints in SNMM. We
identified TIM-3+ and TIGIT+ TILs as strong negative prognostic in-
dicators of survival that could guide personalized treatment approaches.
In addition, our results suggest that TIM-3 and TIGIT are involved in
tumor-mediated immunosuppression in SNMM and are promising tar-
gets of novel ICI therapies. Further multicenter studies are warranted to
confirm our findings.

5. Conclusions

Our results indicate that high densities of TIM-3+ and TIGIT+ TILs
are strong prognostic factors for impaired survival in SNMM and act as
critical immune checkpoints in tumor-mediated immunosuppression.
TIM-3 and TIGIT could serve as prospective targets for next-generation
ICI therapies in SNMM, potentially helping to reduce side effects and
overcome therapy resistance in this rare malignancy.
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