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Introduction: Intimal sarcomas are aggressive mesenchymal tumors arising from
the tunica intima of large vessels, mainly the pulmonary artery. They are usually
associated with MDM2 amplification. Due to their rarity and scarce sensitivity to
chemotherapy, they are characterized by late diagnosis and high mortality. Thus,
there is an urgent need to unravel novel therapeutic biomarkers. This study
explored the role of the immune infiltrate and molecular profile in an intimal
sarcoma cohort to evaluate their amenability to immunotherapy and detect
potential targets, apart from MDM2.

Methods: Whole transcriptome and whole exome sequencing were performed
on 5 intimal sarcoma cases (FFPE) followed by computational analyses, including
immune cell profiling, differential gene expression, variant calling and copy
number alteration detection.

Results: All samples presented the amplification of MDM?2, confirming their
diagnosis, and the co-amplification of CPM and SLC35E3. Interestingly, they also
showed PD-L1 expression along with a prevalence of CD4+ memory resting T-cells,
M2 macrophages and different concentrations of naive B-cells, CD8+ T-cells and
monocytes. The upregulation of immunoglobulins and pathways involved in the
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immune response (e.g. IL6/JAK/STAT3 and TNF-a via NF-kB signaling, interferon
gamma response) further suggested a potential sensitivity to immunotherapy.
Discussion: Our findings provided basic evidence for immunotherapy efficacy in
intimal sarcomas and identified potential molecular targets. Further studies
involving larger case series are required to validate these results.
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bioinformatics, checkpoint inhibitors, immune infiltrate, intimal sarcoma, PD-L1

1 Introduction

Intimal sarcomas (IS) are rare malignant entities of mesenchymal
origin arising from the tunica intima of large vessels, mainly the
pulmonary artery. They usually affect middle-aged adults causing
intraluminal growth with consequent obstruction and possible
emboli in near vessels (1-3). IS show an undifferentiated pattern
including spindle, epithelioid and pleomorphic cells, also
found in undifferentiated pleomorphic sarcomas (UPS) and
myxofibrosarcomas. The main biomarker considered useful for IS
diagnosis is the overexpression of MDM2, the mouse double minute
2 homolog (12q15) (1, 4-6). This event is often associated with
amplifications involving 12q12-q15 (CDK4, GLII), 7p11.2 (EGEFR),
4q12 (PDGFRA, KIT) and the 9p21.3 (CDKN2A) loss (6). Interestingly,
MDM?2 drives p53 degradation by a negative feedback loop, which
allows cells to bypass cell cycle arrest or apoptosis (7, 8). Consequently,
this interaction leads to uncontrolled cell division and growth.

Regarding treatment, localized IS can benefit from surgery
sometimes combined with radiotherapy (5). However, since this
histotype is extremely rare and symptoms can vary and mimic
thromboembolic disease, late diagnosis often occurs leading to tumor
expansion and, eventually, metastasis onset (9). Additionally, except for
anthracycline-based regimens, intimal sarcomas show scarce sensitivity
to chemotherapy (e.g. doxorubicin) and, therefore, poor prognosis with
an overall survival rate of 5-18 months (3, 5). Conversely, radiotherapy
seems to effectively control tumor growth, enhancing surgery success
and diminishing the risk of recurrence (3). Few studies have discussed
the role of immune checkpoint inhibitors: the response to
pembrolizumab was evaluated in three IS cases, while an enriched
tumor microenvironment (TME) was described in seven samples (10,
11). Overall, these findings emphasize the need to uncover alternative
therapies and to shed light on the role of the immune infiltrate in the
treatment of intimal sarcomas.

Herein, we aimed to investigate the molecular signature and the
TME of our cohort by next generation sequencing (NGS) to identify
potential targets and any signal of amenability to immunotherapy.

2 Materials and methods

2.1 Cohort of pulmonary artery intimal
sarcomas

The study comprised five cases of pulmonary artery intimal
sarcoma whose features are shown in Table 1. Their mean age was
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50.2 years old and they all presented metastases at the time of the
diagnosis, leading to poor prognosis. The molecular analysis was
conducted in accordance with the Declaration of Helsinki and was
approved by the Institutional Ethics Committee of Policlinico
Sant’Orsola-Malpighi, Bologna, Italy (approval number: 95/2013/
U/Tess; date: 8 October 2013).

All samples presented dense proliferation of atypical cells often
associated with multinucleated elements. Representative histologic
images were available for only four cases as shown in Figure 1.

2.2 Whole exome and coding
transcriptome sequencing

Formalin-fixed paraffin-embedded (FFPE) slides were reviewed
by a pathologist and manually macrodissected to obtain an
enrichment of tumor tissue of at least 70%. DNA was extracted
from the tumor and coupled normal sample with the QIAamp DNA
Micro Kit (Qiagen, Hilden, Germany). The Nextera DNA Flex kit
(Ilumina, San Diego, CA, United States) was adopted to synthesize
whole exome libraries. Total RNA extraction was carried out for all
the tumor samples using the RecoverAll Total Nucleic Acid
Isolation Kit (Thermo Fisher Scientific, Waltham, MA, United
States). Subsequently, cDNA libraries were synthesized from 100
ng of total RNA adopting the TruSeq RNA Exome kit (Illumina, San
Diego, CA, United States). Whole exome sequencing (WES) and
whole transcriptome sequencing (WTS) libraries were sized with
Agilent DNA 7500 chips on the Bioanalyzer 2100 (Agilent
Technologies, Taiwan) and quantified with a fluorometric assay
(Quant-iT PicoGreen assay; Life Technologies, Carlsbad, CA,
United States). Paired-end libraries were respectively sequenced at
100 and 80 bp on a NextSeq500 instrument (Illumina, San Diego,
CA, United States). Lastly, the quality assessment of all FASTQ files
was performed by FastQC and MultiQC (12, 13).

2.3 Copy number analysis

The intimal sarcoma copy number profile was defined. The
alignment of trimmed WES reads on the reference human genome
hg38 was carried out by BWA-mem, while sorting and indexing
were performed by SAMtools (14, 15). GATK was adopted for
duplicate marking, read group addition and base quality score
recalibration (16). Recalibrated normal and tumor bam files were
processed by EXCAVATOR2 (window size = 50,000) to detect copy
number alterations (CNA), after determining the tumor purity with
PUREE (17, 18). Since L328 did not present the normal counterpart,
we compared the tumor sample to the normal counterparts of the
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TABLE 1 Classification of our subset of patients (n=5) diagnosed with intimal sarcoma.

ID Gender Age Site Disease status® Last follow-up
1328 M 50 pulmonary artery advanced DOD®
L329 M 37 pulmonary artery advanced DOD®
1330 M 50 pulmonary artery advanced DOD®
L331 F 45 pulmonary artery advanced DODP
1332 F 69 pulmonary artery advanced DODP

“Disease status at diagnosis; ®DOD, Died Of Disease.

other samples and selected only the events present in all  Danaher et al. (23). Ultimately, gene fusions were identified from

the comparisons. WTS FASTQ files using STAR-Fusion, while somatic variants were

detected from recalibrated WES BAM files and annotated using
2.4 Immune cell prOﬁling and mutation Mutect2 and ANNOVAR, respectively (16, 24, 25). To calculate the
detection tumor mutational burden (TMB) for the patients with matched

tumor-normal samples, non-synonymous exonic and splicing
Trimmed WTS reads were mapped on the reference human  varjants with at least 3 reads supporting the alternate allele and

genome hg38 using STAR, followed by the removal of duplicate  the ratio between these reads and the total read number > 0.14
reads, indexing and sorting of the remaining reads by SAMtools (15,  were included.

19). Raw gene counts were obtained by the python package HTSeq-

count and normalized as transcripts per million (TPM), to 2.5 Differential gene eXpreSSion analySiS
guarantee sample comparability (20, 21). To investigate the tumor

microenvironment, CIBERSORTx was applied to the TPM matrix To define the intimal sarcoma profile, we compared our samples
(22). This tool defines the absolute and relative abundance of  with other sarcoma FFPE samples from the Gene Expression
immune cell types (LM22 signature in our case). Furthermore, =~ Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/,
the Tumor Inflammation Signature (TIS) score was calculated as  accession number: GSE71120): 5 undifferentiated pleomorphic
the weighted sum of the log2-transformed TPM of the 18 TIS genes, ~ sarcomas (UPS) and 3 leiomyosarcomas (LMS) presenting an
normalized to 10 housekeeping genes, as previously described by =~ RNA quality score > 3 (Table 2). UPS were introduced because of

FIGURE 1

Histological characteristics of L328, L329, L331 and L332. (A) L328 presenting epithelioid cells, with irregularly shaped nuclei of variable size and
weakly eosinophilic cytoplasm, embedded in a collagenous stroma. (B) L329 showing spindle and epithelioid cells mixed with pleomorphic
elements. Numerous mitotic figures are present. (C) L331 with predominantly epithelioid and focally spindle cells associated with high mitotic
activity. (D) L332 displaying epithelioid cells with pale cytoplasm and vesicular nuclei containing one or more prominent nucleoli, embedded in a
collagenous stroma.
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TABLE 2 Classification of the UPS and LMS included in the DGE analysis (GEO: GSE71120).

ID Gender Age Histotype Localization
SRR2065009 F 63 UPS* trunk wall
SRR2065011 F 54 LMS® internal trunk
SRR2065016 F 35 UPS* lower limb
SRR2065017 F 82 UPS* lower limb
SRR2065019 F 67 LMS® GI tract®
SRR2065022 M 48 LMS® lower limb
SRR2065024 M 63 UPS* trunk wall
SRR2065106 F 24 UPS* trunk wall

L538 F NAY LMS® inferior vena cava
L539 F 69 LMS® inferior vena cava

*UPS, Undifferentiated Pleomorphic Sarcoma; bLMS, Leiomyosarcoma; GI tract, Gastrointestinal tract; 4Not Available.

their undifferentiated state which characterizes intimal sarcomas as
well, while LMS were included since they represent the most
recurrent histotype of the vascular wall. Two leiomyosarcomas of
the inferior vena cava analyzed in our lab were also added to the
LMS subgroup (L538 and L539). An initial quality control of
FASTQ files and batch correction with the sva package were
performed, followed by TPM transformation as previously
mentioned, to perform the principal component analysis (PCA)
including the whole transcriptomic profile (26). The TPM matrix
was also used for the cell type enrichment analysis by xCell and for
the gene set enrichment analysis (GSEA) (IS versus UPS and IS
versus LMS), selecting the Hallmark and Reactome datasets (27, 28).
GSEA parameters were set as follows: “number of permutations”
“1000”, “permutation type”
“weighted”, “metric for ranking gene”

» o«

, “enric

“gene set hment statistic” =

“Signal2Noise” and
“normalization mode” = “meandiv”. Ultimately, to carry out the
differential gene expression analysis (IS versus UPS and IS versus
LMS), the R-bioconductor package edgeR was applied (29).

3 Results

3.1 Copy number profiling: histotype-
specific and novel marker amplification

Copy number analysis was performed on 5 intimal sarcoma
cases to confirm their diagnosis and detect events that might have
negatively affected patients’ prognosis. As a result, they were all
characterized by the MDM2 amplification, which is the main
biomarker of the histotype. This alteration was associated with
amplifications of CDK4 in L329 and L330, IFNG in L329 and L331,
and GLII in L329 on the same chromosome (Figure 2).
Interestingly, both CPM and SLC35E3 (12q15) were amplified in
all samples (Figure 2). Other relevant events comprised KIT and
PDGFRA (4q12) amplifications in L330 and L332, and EGFR
(7p11.2) gain in L332. Conversely, no recurrent gene fusions or
somatic mutations of significance were detected in our samples.
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3.2 Immune cell population enrichment
and PD-L1 expression

The IS immunological profile was explored to evaluate
immunotherapy as a promising therapeutic approach. The
abundance of 22 immune cell types was quantified by
CIBERSORTY, revealing a prevalence of CD4+ memory resting
T-cells and M2 macrophages in all samples (p-value<0.050). The
1328, L331 and L332 cases were also characterized by the presence
of CD8+ T-cells and M1 macrophages, while L330 displayed the
highest level of MO macrophages. Naive B-cells were detected in all
samples at different concentrations (Figure 3A). Remarkably, L330
showed the lowest microenvironment score according to
CIBERSORTY, while it presented the highest expression of PD-L1
(CD274), a PDI1-ligand that can inhibit T-cell activation.
Accordingly, the copy number analysis revealed CD274
amplification in this sample. The same event was also detected in
L331, which was characterized by the highest absolute score and
tumor mutational burden (1.53 mut/Mb), even if the TMB was
generally low across all the patients presenting the matched normal
counterpart (L329 = 0.96 mut/Mb; L330 = 1.22 mut/Mb and L332 =
0.80 mut/Mb).

Moreover, the Tumor Inflammation Signature (TIS) score of
our samples and other tumor subgroups from The Cancer Genome
Atlas (TCGA) database was calculated. This score measures the
downregulated adaptive immunity in tumor samples to establish
their sensitivity to immune checkpoint inhibitors. Subsequently, we
ordered all the TCGA histotypes according to their median TIS
score (Figure 3B). Comparing our results to those of the sarcoma
subset, except for the L330 outlier, our TIS scores are close to their
median (6.90), with two of our values being above this threshold
(L328 and L331).

3.3 Enhanced immune signaling in IS
versus UPS and LMS

The IS expression profile was compared to the one of 5
undifferentiated pleomorphic sarcomas (UPS), which also lack a
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FIGURE 2

Chromosome 12 amplifications in our intimal sarcomas. Scatter plots representing chrl2 copy number alterations in our cohort of intimal sarcomas
(n=5). Relevant genes have been highlighted in red, especially those shared by all samples: MDMZ2 (known marker), CPM and SLC35E3 (novel
markers). The x axis represents the genomic positions, while the y axis shows the log2ratio defined by EXCAVATOR2.

clear histological differentiation profile, and to the gene signature of
5 leiomyosarcomas (LMS), which represent the most recurrent
sarcoma histotype in the vascular wall. The unsupervised PCA
showed a distinct cluster of intimal sarcomas surrounded by the
UPS, supporting the undifferentiated profile they share (Figure 4A).

The DGE analysis also showed a close resemblance between IS
and UPS with only 34 differentially expressed genes (g-
value<0.050). Among the upregulated genes in IS, there are
several encoding immunoglobulins (IGHV3-30, IGHV1-18,
IGKV3-15, IGLV3-21 and IGHV3-15) and NDEI producing a
protein for centrosome duplication and mitotic spindle
formation. These findings complied with the enriched immune
profile of our intimal sarcoma series. Conversely, IS presented more
than 1000 differentially expressed genes when compared to the
leiomyosarcomas. Intimal sarcomas showed low expression levels of
the LMS differentiation markers (e.g. ACTCI, MYOCD, ACTAI)
and downregulation of smooth muscle contraction (GSEA
Reactome). More importantly, they were characterized by
enriched pathways involved in the immune response compared to
both LMS and UPS (GSEA Hallmark and Reactome) as shown in
Table 3. The genes most contributing to the Hallmark pathways
were significantly upregulated in the intimal sarcomas compared to
the leiomyosarcomas (g-value<0.010 | g-value<0.001) (Figure 4B).
Ultimately, the immune score calculated by xCell was higher in our
intimal cases with respect to both LMS and UPS, with p-values of
0.054 and 0.003, respectively (Figure 4C). It is worth highlighting
the influence of the high scores of L538 and L539, which are LMS of
the inferior vena cava, on the former borderline p-value, suggesting
a possible correlation between tumors arising from the vascular wall
and their immune infiltrate levels.
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4 Discussion

As of today, surgery remains the best treatment approach for
localized intimal sarcomas and efficacious medical therapies are
limited for unresectable and/or advanced tumors (30). Thus, despite
the small sample size, we explored the IS genomic and immune
profile attempting to uncover alternative therapeutic targets.

The copy number analysis confirmed the amplification of their
known biomarker MDM2 (mouse double minute 2 homolog) in all
samples. A retrospective multicenter study showed that MDM2-
positive patients with confined disease can partly benefit from
anthracycline-based chemotherapy alone or in combination with
other agents, with ~25% of patients expected to be disease-free after
2 years (5). Conversely, patients with advanced disease were
characterized by a median progression-free survival of only 7.7
months (5). Thus, new treatment approaches such as targeted
therapies should be implemented. The MDM2-inhibitor
milademetan has been tested on patients with MDM2-amplified,
TP53 wild-type intimal sarcomas (31). Two of the enrolled patients
(n=10) presented stable disease for > 15 months, while one case who
withdrew from the study showed 32.7% tumor shrinkage.
Nonetheless, other factors were brought into consideration,
including CDKN2A copy-number loss and acquired TP53 loss-of-
function mutations which were negatively correlated with tumor
response (31). Moreover, since MDM2 was found co-amplified
mostly with CDK4, KIT or PDGFRA in our samples, other
inhibitors might be considered. The CDK4/6 kinases contribute
to inhibiting the Rb tumor suppressor by phosphorylation.
Consequently, CDK4/6 inhibitors such as palbociclib, ribociclib
and abemaciclib have emerged (32). For instance, palbociclib has
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FIGURE 3

showed promising results in advanced well-differentiated or
dedifferentiated liposarcomas, including MDM2 downregulation
(33). Tyrosine kinase inhibitors (TKI) have been particularly
effective against gastrointestinal stromal tumors (GIST) with KIT
and PDGFRA alterations. These genes encode type III tyrosine
kinase receptors involved in relevant signaling cascades as the RAS-
RAF-MAPK and PI3K-mTOR pathways (34, 35). Imatinib,
sunitinib and regorafenib are, respectively, first-, second- and
third-line TKI for GIST patients with KIT and most PDGFRA
mutations (34, 35). Nevertheless, the synergistic effect of MDM2
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Integrated analysis of immune cell composition and TIS score. (A) Hierarchical clustering displaying the abundance of 22 immune cell types
(columns) calculated by CIBERSORTx across our 5 intimal sarcomas (rows). Cell levels are displayed on a dark blue-to-dark red color scale. The two
barplots represent the CIBERSORTx absolute score (violet) summarizing all the immune populations and the PD-L1 expression levels (green) in each
sample. (B) Boxplot showing the TIS score (y axis) calculated for the TCGA groups (x axis) and our 5 intimal sarcomas, which are represented by the
red dots: L331 = 7.43, L328 = 7.42, L332 = 6.49, L329 = 6.44 and L330 = 4.52. The median values correspond to the horizontal red lines, while the
sarcoma subgroup is highlighted in dark yellow as it includes our cases. Outliers are displayed as empty dots. ACC, adrenocortical carcinoma; LGG,
brain lower grade glioma; PCPG, pheochromocytoma and paraganglioma; UCS, uterine carcinosarcoma; LAML, acute myeloid leukemia; KICH,
kidney chromophobe; GBM, glioblastoma multiforme; READ, rectum adenocarcinoma; KIRP, kidney renal papillary cell carcinoma; PRAD, prostate
adenocarcinoma; BLCA, bladder urothelial carcinoma; UCEC, uterine corpus endometrial carcinoma; SKCM, skin cutaneous melanoma; COAD,
colon adenocarcinoma; THCA, thyroid carcinoma; ESCA, esophageal carcinoma; CHOL, cholangiocarcinoma; LIHC, liver hepatocellular carcinoma;
THYM, thymoma; SARC, sarcoma; OV, ovarian serous cystadenocarcinoma; BRCA, breast invasive carcinoma; PAAD, pancreatic adenocarcinoma;
LUSC, lung squamous cell carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; STAD, stomach
adenocarcinoma; MESO, mesothelioma; HNSC, head and neck squamous cell carcinoma; TGCT, testicular germ cell tumors; KIRC, kidney renal
clear cell carcinoma; LUAD, lung adenocarcinoma; DLBC, diffuse large B-cell lymphoma.

and CDK4/TK inhibitors should be carefully evaluated due to
potential interference and toxicity.

Remarkably, the concomitant amplification of both CPM and
SLC35E3 in all samples, likely related to their genomic proximity to
MDM?2, raised interest about their potential role as therapeutic
targets and their impact on patient outcome. Little is known
regarding their contribution to cancer development. However, the
carboxypeptidase M (CPM) regulates peptide hormone and growth
factor activity and has already been found co-amplified with MDM?2
in well-differentiated liposarcomas and with EGFR in lung
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Molecular and immune characterization of our intimal sarcomas (n=5), leiomyosarcomas (n=5) and undifferentiated pleomorphic sarcomas (n=5).
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(red) and undifferentiated pleomorphic sarcomas (green). Black dots represent the samples.

adenocarcinomas, where it was associated with adverse prognosis
(36, 37). It has also been demonstrated that inhibiting CPM
downregulates EGFR activity, which contributes to cell growth,
proliferation and survival (37). SLC35E3 encodes a solute carrier
family member and has been found co-amplified with MDM?2 in
glioblastoma multiforme (GBM) cell lines (38). Thus, further
investigation is warranted.

TABLE 3 Most enriched immune-related pathways in intimal sarcomas versus
LMS in red (GSEA Hallmark) and versus UPS in blue (GSEA Reactome).

Pathway NES® P-value g-value
INFLAMMATORY RESPONSE 2.06 <0.001 <0.001
IL6/JAK/STAT3 SIGNALING 1.93 <0.001 0.001
TNF-o. SIGNALING VIA NF-kB 1.79 <0.001 0.002
COMPLEMENT 1.62 <0.001 0.016
INTERFERON GAMMA RESPONSE 1.57 <0.001 0.023
TGF-B SIGNALING 1.53 0.012 0.028
mTORCI SIGNALING 143 0.000 0.046
KRAS SIGNALING 143 0.006 0.050
CREATEI;IS;CSR’;ND € 3.06 <0.001 <0.001
CD22 MEDIATED BCR 202 0001 0001
REGULATION
INITIAL TRIGGERING OF
COMPLEMENT 3.01 <0.001 <0.001
FCERI MEDIATED MAPK 207 0001 0001
ACTIVATION
FCGR ACTIVATION 2.94 <0.001 <0.001
ANTIGEN ACTIVATES BCR 291 <0.001 <0.001
COMPLEMENT CASCADE 2.90 <0.001 <0.001
FCERI MEDIATED Ca*?
ACTIVATION 2.87 <0.001 <0.001

*NES, Normalized Enrichment Score.
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Alternatively, immunotherapy could be a viable option,
especially considering PD-L1 expression in all our IS.
Pembrolizumab, an immune checkpoint inhibitor targeting PD-1,
has shown partial response in 3 cases of advanced MDM2-amplified
intimal sarcomas with low tumor mutational burden and stable
microsatellite (11). Since the tumor mass was reduced in all 3
patients, tumor response was likely influenced by the tumor
microenvironment, PD-L1 expression and presence of tertiary
lymphoid structures (11). Pembrolizumab was also associated
with a positive objective response rate in undifferentiated
pleomorphic sarcomas and dedifferentiated liposarcomas (39).
Conversely, there have been rare cases of metastatic carcinoma
treated with anti-PD-1/PD-L1 monotherapy where a positive
correlation between hyper-progression and the presence of
MDM?2 and EGFR alterations was observed (40). Since these
events have been found in our cases as well, genetic alterations
should be carefully considered prior to immunotherapy
administration. Regarding the tumor microenvironment, a study
described an active immune-rich milieu in 7 IS with a positive
correlation between PD-L1 expression and the amount of CD45+,
CD8+, FOXP3+, CD68+ and LAG3+ cells (10). Park et al. found an
immune-inflamed phenotype prevalently in MDM2-wild-type IS
(4/6 cases) but also in 2/8 MDM2-amplified samples, underlining IS
heterogeneity (41). These findings suggest intimal sarcoma
sensitivity to immunotherapy and are in line with our results,
which showed a prevalence of CD4+ memory resting T-cells and
macrophages M2, along with different concentrations of naive B-
cells, CD8+ T-cells and monocytes, in all our samples. Remarkably,
1330 presented the lowest CIBERSORTx absolute, xCell immune
and tumor inflammation signature (TIS) scores unlike L328 and
L331, indicating a positive correlation among these scores.
Moreover, since the TIS score represented a favorable prognostic
factor in the TCGA sarcoma subgroup, patients with an enriched
immune infiltrate are more likely to have a prolonged overall
survival rate (23). L330, together with L331, also exhibited CD274
amplification and high levels of PD-L1 expression, suggesting that
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constitutive, genomically driven PD-L1 expression may contribute
in these tumors. Accordingly, the coexistence of adaptive and
constitutive immune resistance represents a plausible explanation
for the observed patterns and warrants further investigation.

Ultimately, the upregulation of immunoglobulins, pathways
involved in the immune response (e.g. IL6/JAK/STAT3 and TNF-
o via NF-kB signaling, interferon gamma response) and other
markers (such as NDEI, ACVRLI1, KLF6, PTPN2, IFNGR2,
TNFAIP6, SOCS3) may serve as further indicators of amenability
to immunotherapy. For instance, NDEI has been found highly
expressed in several malignancies promoting cell proliferation
and metastasis formation (42). It was recently found associated
with poor prognosis, immune cell infiltration and expression of
most immune checkpoint genes in several cancer types, suggesting a
relationship between NDE1 levels and the responsiveness to
checkpoint inhibitors (42). ACVRLI expression has caused
resistance to tyrosine kinase inhibitors in colorectal cancer (43).
Additionally, ACVRLI and KLF6 have been associated with
immune infiltration, while PTPN2 loss seems to promote
anti-tumor immune response (44-47). IFNGR2 encodes one of
the subunits of the IFN-y receptor, whose dimerization leads to
the JAK/STAT pathway activation. As previously mentioned, the
gene encoding its ligand IFN-y was also found amplified in two of
our samples, which can enhance the receptor activation (48).
TNFAIP6 can lead to tumor progression and, consequently, poor
prognosis but it might also promote the action of neutrophils (49-
51). Lastly, due to its involvement in cancer progression, SOCS3
knockdown has shown strong anti-cancer response in murine
models (52, 53).

Our study presented some limitations mainly due to the rarity
of the histotype, such as the small sample size of our case series.
Moreover, restricting the analysis only to MDM2-amplified intimal
sarcomas of the pulmonary artery may fail to capture the full
heterogeneity of the histotype, potentially limiting the
comprehensive view of the disease. Nevertheless, the pulmonary
artery represents the most recurrent site of origin. It should also be
acknowledged that, both in our work and in the existing literature,
in vitro and in vivo experiments are lacking.

Despite these caveats, our research offered an overview of the
main biomarkers and immune profile of 5 intimal sarcomas. The
amplification of both histotype-specific (MDM?2) and novel (CPM
and SLC35E3) markers was identified in all samples, thus their
potential role should be more defined in preclinical
pharmacological studies. Additionally, all the cases were
characterized by an enriched immune infiltrate, associated with
the expression of PD-L1, immune-related genes and pathways.
Therefore, these observations confirm and reinforce those
published on the immune-inflamed phenotype in MDM2-
amplified IS and underline the possibility to further explore
alternative therapeutic strategy involving immunotherapy. In
conclusion, these findings represent the preliminary basis for
future immunological studies on IS including more cases, possibly
from different sites to account for tumor heterogeneity.
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