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Abstract

Background: Alveolar soft-part sarcoma (ASPS) is a rare tumor driven by the ASPSCR1-TFE3
fusion protein, with a propensity for metastasis. Prognostic factors remain poorly understood,
and traditional chemotherapies are largely ineffective. Recent interest lies in immune
checkpoint inhibitors (ICls), yet predictive biomarkers for treatment response are lacking.
Previous studies have shown promising results with ICls in ASPS, indicating a need for further
investigation into biomarkers associated with immune response.

Objectives: To identify prognostic biomarkers in ASPS and to explore the role of immune-
related markers, particularly L1CAM, in predicting patient outcomes.

Design: A retrospective cohort study of 19 ASPS patients registered in the GEIS database.
The study involved the collection of clinical and histopathological data, followed by an
analysis of immune markers and gene expression profiles to identify potential prognostic
indicators.

Methods: Clinical and histopathological data were retrospectively collected from the GEIS-26
study cohort of 19 ASPS patients. Immunohistochemistry was performed to evaluate immune
markers programmed death-1 ligand (PD-L1), programmed death-1, FAS, FASL, CD8, CD3,
and CD4. An HTG ImmunOncology panel was conducted on formalin-fixed paraffin-embedded
samples to explore gene expression. Effects of differentially expressed genes on survival were
explored by Kaplan-Meier.

Results: PD-L1 positivity was widely observed (63%) in tumors, and CD8+ lymphocytic
infiltration was common. High CD8 density correlated with greater overall survival (0S) while
not statistically significant. No associations were found for other immune markers. L1CAM
was identified as differentially expressed in patients with low CD8 infiltration and correlated
negatively with OS.

Conclusion: High LTCAM expression correlated with poorer OS, highlighting its potential as

a prognostic marker and therapeutic target in ASPS. Immunomodulatory interventions may
hold promise, as evidenced by PD-L1 expression and CD8+ infiltration. Further research,
including larger cohorts and international collaborations, is needed to validate these findings
and explore therapeutic strategies targeting L1CAM in ASPS.
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Plain language summary

Understanding immune response in a rare cancer: exploring avenues for alveolar
soft-part sarcoma

Why was the study done? Alveolar soft-part sarcoma (ASPS] is a rare cancer with limited
treatment options. Our study aimed to understand how the immune system responds to
ASPS and explore potential treatments, as current therapies are often ineffective. What
did the researchers do? We analyzed data from 19 ASPS patients to investigate immune
response and potential treatment targets. We examined the expression of immune
markers and genes related to immune response to identify factors influencing patient
outcomes. What did the researchers find? We found that most tumors showed signs of
an active immune response, with a protein called PD-L1 being present. We also noticed
that many tumors had a type of immune cell called CD8+ lymphocytes. Although having
more of these CD8+ cells seemed to be linked to better survival, this connection wasn’t
strong enough to be certain. We didn’t find any clear links with other immune markers we
looked at. However, we did find that a protein called L1CAM was more common in patients
who had fewer CD8+ cells in their tumors, and this was linked to poorer overall survival.
What do the findings mean? Our study sheds light on the immune response in ASPS and
identifies potential targets for therapy. By understanding these mechanisms, we hope to
pave the way for more effective treatments and improve outcomes for ASPS patients in the

future.
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Introduction

Alveolar soft-part sarcoma (ASPS) is an exceed-
ingly rare entity, molecularly characterized by the
genetic rearrangement t(X;17)(p11;q925), result-
ing in the ASPSCRI1-TFE3 fusion protein.! This
fusion protein acts as an aberrant transcription
factor, which results in an upregulation of angio-
genesis and cell proliferation-related genes.?3
This entity affects predominantly young patients
and, although it shows an indolent growth pat-
tern, it has a high metastatic potential, with more
than half of the patients developing distant metas-
tasis in the lungs, bones, and the central nervous
system, even many years after the initial diagno-
sis.®5 There is scarce data regarding ASPS prog-
nostic factors: stage, size, and age at diagnosis
have been described as prognostic in retrospec-
tive series and registries.*%7 There are no molecu-
lar prognostic factors described for ASPS to date,
apart from the cell proliferation Ki-67 marker.?
ASPS is not a tumor that is sensitive to classic
cytotoxic drugs, but it has a notable sensitivity to
antiangiogenic molecules, such as sunitinib,’
cediranib,!%11 or pazopanib.!? However, the

responses to these drugs are limited in time and
all patients with advanced disease will eventually
succumb to it,!*> so new therapeutic options like
immunotherapy are desperately needed for these
patients.

The tumor expression of the immune checkpoints
programmed death-1/programmed death-1 ligand
(PD-1/PD-L1) has been described as a prognostic
factor for some epithelial neoplasms.!%15 In sarco-
mas, its prognostic role is still controversial, with
some studies suggesting a worse prognosis for
patients with PD-L1-positive sarcomas,!®1° and
other studies not being able to show this prognos-
tic role.?° However, the sarcoma family encom-
passes more than 80 different subtypes, so there
are clear limitations to the generalization of these
results for all histologic subtypes. In recent years,
several immunomodulatory drugs have been
widely developed in oncology, showing improve-
ments in patient survival, especially in melanoma,
lung, and genitourinary carcinomas. Noteworthy,
the tumor expression of PD-11 has been described
as a predictive factor of response to these drugs.?!
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In sarcomas, we already have some data on check-
point inhibitors coming from clinical trials and
clinical experience, suggesting that these drugs
may be active in some specific sarcoma sub-
types,2224 such as ASPS.

Indeed, we have shown in a retrospective analysis
that immune checkpoint inhibitors (ICIs) are active
in the treatment of advanced ASPS, with patients
achieving an overall response rate (ORR) of 54.4%
and an extended overall survival (OS) (median not
reached vs 34.7months) after treatment.?> In line
with these results, a recent clinical trial showed
considerable activity of the ICI atezolizumab in
patients with advanced ASPS, with 19 out of 52
(37%) objective responses, 1 of them a complete
response, and a median progression-free survival
(PFS) of 20.8 months, 2% granting the FDA approval
of atezolizumab for the treatment of patients with
advanced ASPS. Curiously, responses were noted
independently of the baseline expression of PD-1
or its ligand PD-L1. Likewise, combinations of
ICIs have proven successful, as evidenced by a
phase II trial regarding the combination of dur-
valumab (an anti-PD-L1 inhibitor) and tremeli-
mumab (an anti-Cytotoxic  T-lymphocyte
associated protein 4 inhibitor). Among 10 ASPS
patients evaluated using immune-related RECIST
and immune-related response criteria, ORRs stood
at 40% and 50%, respectively. Notably, two
patients achieved complete responses.?’” Similar
combinations, like nivolumab/ipilimumab in ASPS,
have reported a prolonged response of 27 months.28
Additional studies explore other combinations like
tyrosine kinase inhibitors (axitinib) with anti-PD-1
(pembrolizumab), which have demonstrated an
ORR of 50.4% in the 11 evaluable patients with
ASPS.?° Similar combinations like sunitinib/
nivolumab reported partial responses in four out of
seven patients (57%).>* However, there remains a
need for biomarkers of response to immune treat-
ment to identify patients who would benefit from
this therapy.

This study aims to analyze different protein and
genomic markers, as well as the association
between them, related to immune response in a
retrospective series of ASPS patients.

Methods

Patients
Patients diagnosed with ASPS between December
1994 and July 2016, and registered in the online

database of the Spanish Group for Research on
Sarcoma (GEIS), were retrospectively analyzed.
Clinical and histopathological data, treatment
modalities, and survival outcomes were system-
atically collected. Ethical clearance was secured
from the Ethics Committee of each participating
institution under the principles outlined in the
Helsinki Declaration. Tumor samples and clini-
cal data were collected after the patients signed
the informed consent form. OS was assessed from
the time of diagnosis to the date of last follow-up
or death, with only tumor-associated deaths con-
sidered as events. Disease-free survival (DFS)
was calculated from the date of initial treatment
to the time of recurrence. Relapse-free survival
(RFS) was calculated for patients with localized
disease, from the date of surgery to the time of
relapse. One patient was lost to follow-up but was
censored at their last known contact and included
in the analysis for death, relapse, or recurrence.
Median DFS and OS were calculated using the
Kaplan—Meier method, with intergroup differ-
ences assessed via the log-rank test. The cutoff
point for high (n=7) or low (n=10) LICAM
expression groups was determined by Maxstat
calculation (4.18 normalized counts).

Immunohistochemistry

The diagnosis was confirmed in all cases by an
expert pathologist. Protein expression was tested
on complete 4-um sections of archived formalin-
fixed paraffin-embedded (FFPE) blocks using
PD-L1 (ab205921; Abcam, Cambridge, UK),
PD-1 (ab52587; Abcam), FAS (C18C12; Cell
Signaling, Danvers, MA, USA), FASL (NOK-1;
Novus Biological, Centennial, CO, USA), CDS8
(ab4055; Abcam), CD3 (ab16669; Abcam), and
CD4 (EP204; Master Diagnostica, Granada,
Spain) antibodies. Staining of PD-1, FAS, and
FASL was categorized as positive or negative,
based on the presence of staining. PD-L1 positiv-
ity cutoff was defined as at least 5% of cells show-
ing membrane staining of any intensity.3? For
lymphocyte infiltration, we defined the following
score: Negative (0%), low infiltration (1%—4% of
total cells), and high infiltration (=5% of total
cells). Results were revised by two expert patholo-
gists in sarcomas.

Immunomodulation factors

Gene expression was assessed using an
ImmunOncology (IO) panel, targeting 549 differ-
ent mRNAs, using the HTG Edge Seq System
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(HTG Molecular, Tucson, AZ, USA) on a 5-um
FFPE section sample, according to the manufac-
turer’s protocol.31:32 We explored differential
gene expression in different prognostic groups:
localized/metastatic, PD-LL1+/—, and lympho-
cytic infiltration >10%.

Guidelines

The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology statement: guidelines for
reporting observational studies?* (Supplemental
File 1).

Results

Clinical characteristics and survival

In all, 19 patients with ASPS were included in our
study cohort. The median age at diagnosis was
22.8years (6-62), with a female predominance:
13 females (68%) and 6 males (32%). The major-
ity of tumors arose in the extremities (15, 79%).
More than half of the patients were diagnosed
with localized disease (14, 73%), while 5 (26%)
already had distant metastasis at diagnosis. In
total, 13 of 19 patients (68%) experienced meta-
static spread either at baseline or during follow-
up. Further details are shown in Table 1.

With a median follow-up from diagnosis of
83 months (12-147), 9 out of 14 (64%) patients
with localized disease at diagnosis suffered a dis-
ease relapse, with a median RFS of 55 months
(95%  confidence interval (CI) 1-108)
(Supplemental Figure 1). In this group of patients,
survival rates were 100% at 24 months, 93% at
48 months, and 79% at the end of the follow-up.

Among those patients diagnosed with advanced
disease, three patients died, survival rates were
80% at 24months, 60% at 48 months, and 40%
at the end of the follow-up.

Immunohistochemistry

Twelve out of 19 patients (63%) had PD-L1-
positive tumors, and in all cases, some grade of
lymphocytic infiltration was found. Nine patients
presented with low CD8-positive density (up to
4% of cells), while 10 patients showed high den-
sity. The high CD8 group exhibited greater OS
[Not reached (NR) vs 138months] and DFS
(54.9 vs 10.2months) compared to the low group.

Table 1. Clinical characteristics of the series and

outcome.
Characteristic n (%)
Median age, years (range]) 22.8 (6-62)
Gender
Female 13 (69)
Male 6 (31)
Site of the primary tumor
Limbs 6 (32)
Thigh 9 (47)
Chest wall 1(5)
Lung 1 (5)
Head and neck 1(5)
Gl track 1(5)
Median tumor size, cm (range) 7 (2.5-15)
Stage at diagnosis
Localized 14 (74)
Metastatic 5 (26)
Surgery of primary tumor
Yes 16 (84)
No 3(16)
Relapse
No 5 (26)
Yes 14 (74)
First-line treatment
None 8 (42)
Antiangiogenic based 5 (26)
Anthracycline based 5 (26)
Cisplatin + Ifosfamide 1(5)
Death
No 13 (68)
Yes 6 (32)

Gl, Gastro-Intestinal.
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Figure 1. Left: lymphocytic infiltration. Right: two
examples with membrane-positive staining for PD-
L1.

PD-L1, programmed death-1 ligand.

However, no statistically significant differences
were observed for either. Similarly, using the
median DFS as a cutoff, patients with low DFS
exhibited a mean CD8 density of 6.5% compared
to 9.1% in the high DFS group, albeit with no

Table 2. Immunohistochemistry results.

statistically significant differences. Results from all
immunohistochemistry are summarized in Table
2 and some examples are shown in Figure 1.

Immune-related genes

A total of 17 available tumor samples were used
for transcriptomic analysis using the IO array.
Due to a lack of biological material, 2 of the 19
patients were not included in this analysis. No
differentially expressed genes (DEGs) were iden-
tified for metastasis at diagnosis, relapse, or
death. In addition, no DEGs were obtained for
patients with positive versus negative CD3 or
FAS protein expression by Immuno-
histochemistry. Two DEGs, CCLI18 and IL13,
were significant for PD-L1 expression, and three,
AXL, CD4, and NOTCH]1, for FASL. A list of 34
DEGs was obtained when comparing CDS8-
density high versus low groups, 17 of which cor-
related positively and 17 negatively with CD8
infiltration (Table 3). Out of these, survival anal-
ysis was conducted for genes with a log2 fold-
change above 1.5 for upregulated genes (N=9)
in the CD8 high group and DEGs with a fold-
change lower than —2 for downregulation (N=5).

Prognostic role

Protein expression of PD-L1, FAS, FASL, and
CD8 showed no prognostic information in
terms of DFS or OS (Table 4). Although not

Protein expression Negative, n (%)

Positive, n (%)

PD-L1 (tumoral cells) 7(37) 12 (63)
PD-1 (tumoral cells)? 13 (86) 2 (14)
PD-1 (lymphocytes) 0 16(100)
FASP 10 (56) 8 (44)
FASLb 8 (44) 10 (56)
Negative, n (%) Low infiltration High infiltration
CD3 0 12 (63) 7 (37)
CD4 6 (31) 11 (58) 2(11)
CcD8 0 9 (47) 10 (53]

Low infiltration: up to 4% of total number of cells. High infiltration =5% of total cells.

aResults in 15 cases.
bResults in 18 cases.

PD-1, programmed death-1; PD-L1, programmed death-1 ligand.
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Table 3. DEGs identified when comparing CD8-high versus CD8-low groups.

Gene name log2 fold-change p Value Pagj
CXCL14 2.952368 3.66E-05 0.019716
cD27 2.258226 0.000468 0.040827
SLAMF7 1.981177 0.001042 0.056178
CD8A 1.945255 0.000231 0.040827
cXcLy 1.71319 0.002212 0.072085
CD3D 1.700329 0.000144 0.038749
CCL5 1.646694 0.002572 0.073125
GZMK 1.64377 0.000386 0.040827
cb2 1.593602 0.003607 0.082904
IL2RG 1.498595 0.001147 0.056193
TNFRSF9 1.479101 0.006092 0.097284
LTB 1.337404 0.002135 0.072085
CCR5 1.280606 0.00053 0.040827
STAT1 1.271366 0.000345 0.040827
TNF 1.207008 0.00405 0.083486
ITGAL 1.195673 0.005501 0.097284
IKZF1 0.99312 0.002189 0.072085
STAT3 -0.95574 0.002849 0.073125
MAF -1.05988 0.006137 0.097284
SMAD2 -1.22543 0.000957 0.056178
SoD1 -1.43497 0.00349 0.082904
NOD1 -1.50532 0.002622 0.073125
LGALS1 -1.50739 0.004543 0.087454
CYLD -1.61473 0.004874 0.09059
NOTCH1 -1.70548 0.002274 0.072085
RPL6 -1.7793 0.003983 0.083486
NFKB1 -1.87223 0.00571 0.097284
TRAF2 -1.97197 0.001798 0.072085
L1CAM -2.24599 0.003691 0.082904
CcCL8 -2.44261 0.005829 0.097284
AXL -2.46431 0.002798 0.073125
CD4 -2.46625 0.001598 0.071792
CMKLR1 -2.89976 0.004182 0.083486
ITGB3 -5.43348 0.000993 0.056178

Genes marked in bold correspond to genes that were used for survival analysis. /TGB3 was discarded due to most cases

having 0 normalized counts.
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Table 4. Outcome (disease-free survival and overall survival] according to IHQ.

Factor Variable Group Months (95% Cl) p
PD-L1 DFS Positive 17.9 (2-33) 0.90
Negative 19.54 (1-69)
0S Positive 138 (NR) 0.16
Negative 100 (NR)
FAS DFS Positive 54.96 (1-117) 0.34
Negative 10.18 (1-22)
0S Positive a 0.48
Negative a
FASL DFS Positive 17.9 (1-62) 0.56
Negative 19.5 (1-52)
0S Positive a 0.48
Negative a
CcD8 DFS >5% cells 54.9 (1-117) 0.28
<5% cells 10.2 (1-22)
0s >5% cells NR 0.49
<5% cells 138 (81-194)

aNo statistics due to lack of events.

Cl, confidence interval; DFS, disease-free survival; IHQ, immunohistochemistry; OS, overall survival; PD-L1, programmed

death-1 ligand.

statistically significant, there were notable
differences in median DFS between FAS-
positive (55months) and FAS-negative cases
(10 months), as well as between CD8-positive
(55 months) and CD8-negative cases
(10 months). Expanding the analysis to DEGs
according to the expression of the aforemen-
tioned proteins, no significant differences were
observed for OS or DFS. However, LICAM,
identified as a DEG between CD8-high and
CD8-low groups, showed significant prognostic
value for OS across the entire cohort. In detail,
high L1CAM expression correlated with worse
median OS than the lower expression group
(27.0 months (95% CI22.8-31.2) vs 151 months
(95% CI NR), p-value=0.011) (Figure 2). No
significant differences were observed for LICAM
expression for DFS. All the other genes did not
impact DFS or OS.

Discussion
Here we present the results of a series of 19 cases
of ASPS, a very rare sarcoma subtype.

The analysis of the IO HTG panel provided us
with a substantial quantity of data on the expres-
sion of immune-related genes in ASPS. We found
one gene significantly related to a poorer progno-
sis: the overexpression of LICAM, a DEG asso-
ciated with lower infiltration of CD8. L1CAM,
also known as L1 cell adhesion molecule, is a
transmembrane protein that belongs to the L1
protein family and is encoded by the LICAM
gene. This protein is primarily found in neurons
and plays a crucial role in various cellular pro-
cesses such as cell migration, adhesion, neurite
outgrowth, myelination, and neuronal differenti-
ation.3* Research indicates that L1 CAM-positive
expression is associated with poorer survival
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Figure 2. L1CAM upregulation correlates with worse 0S in ASPS patients. The high L1CAM expression group
presents a median 0S of 27.0months (95% Cl 22.8-31.2) compared to 151 months (95% CI NR] of patients
with low L1CAM expression (p-value=0.011). Kaplan-Meier curves represent all patients in the cohort with

available biological samples (n=17).

ASPS, alveolar soft-part sarcoma; Cl, confidence interval; 0S, overall survival.

outcomes in various cancers. For example, in
non-small-cell lung cancer (NSCLC) patients,
L1CAM-positive expression was significantly
related to poorer PFS and was identified as a pre-
dictive factor for PFS independently of clinical
features and treatments. However, the associa-
tion with OS in NSCLC patients was not as
clear, indicating the need for more studies to
confirm its prognostic significance.?> Moreover,
studies have shown that L1CAM expression cor-
relates with poor prognosis of brain metastases
from lung adenocarcinoma.3® In gastric cancer
patients, high LICAM expression has been cor-
related with poor OS and DFS and with aggres-
sive tumor characteristics in vitro like cell
proliferation, migration, and invasion, highlight-
ing its role in tumor biology and progression.37-38
In colorectal cancer, LICAM induction occurs in
cells during epithelial regeneration following loss
of tissue integrity. This not only serves as a phe-
notype exploited by metastasis-initiating cells but
also confers chemoresistance.>?®

In the context of sarcoma, .1 CAM has been sug-
gested as a potential surface target for Chimeric
antigen receptor T-cells (CAR-T) therapy in
rhabdomyosarcoma, given its detection in the
majority of samples analyzed. Notably, patients
with  high LICAM mRNA  expression

exhibit significantly lower OS rates in alveolar
rhabdomyosarcoma, consistent with our findings
in ASPS.4 Furthermore, L1CAM has been dem-
onstrated to be induced by epigenetic regulators,
enhancing migration and invasion in Ewing sar-
coma cells.*! Similarly, LICAM promoted the
metastatic potential of fibrosarcoma cells.*2

Overall, in sarcoma and various cancers, LICAM
expression plays a crucial role in promoting tumor
aggressiveness and poor patient outcomes. Its
association with aggressive tumor characteristics
and its impact on cell proliferation and metastasis
underscore its potential as a prognostic marker
and a target for therapeutic interventions.

Moreover, there is evidence supporting our find-
ings that L1ICAM may influence CD8 infiltra-
tion. In breast cancer, a four-gene signature,
including L1CAM, has been identified to impact
CD8 levels in high-risk patient groups.*? In addi-
tion, LICAM has been associated with tumor
progression through direct recruitment of regula-
tory T cells, which subsequently inhibit the anti-
tumor microenvironment, including CD8 cells.%*

We describe here the expression in this entity of
apoptotic proteins FAS/FASL, and PD-1 and
PD-L1 and we found out that the expression of
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PD-L1 in ASPS is relatively high, with 63% of
cases showing positivity for this immune marker.
This percentage is higher than the one reported in
the literature for other series of sarcoma,?%45 sug-
gesting that this histology may be more prone to
immunomodulatory treatments. We also observed
lymphocytic infiltration in all cases, with a clear
predominance of CD8* lymphocytes, which is in
line with a report on a series of 10 ASPS.46 All
these data together suggest a role for immu-
nomodulatory interventions in this entity, which is
supported by recent studies.?%27 In our series, we
did not find a statistically significant prognostic
role for PD-L1, FAS, FASL, or CD8 expression.
However, FAS-positive tumors showed notably
longer DFS when compared with FAS-negative
tumors. This observation is consistent with previ-
ously published results from a larger cohort
including other STS subtypes.4” High-density
(>5% of total cells) lymphoid infiltration by cyto-
toxic CD8" lymphocytes was also related to longer
DFS and OS in our series, although not reaching
statistical significance. The lack of significance in
our study could be attributed to the small sample
size, which may have reduced the statistical power.

The limited size of this series could explain in part
these results, but ASPS is such a rare disease that
a bigger series could only be obtained within an
international collaboration. Further research with
larger cohorts is warranted to validate these find-
ings and explore additional therapeutic strategies.

In conclusion, our study emphasizes the impor-
tance of LICAM expression in ASPS and its
potential as a therapeutic target. Future preclini-
cal studies could further investigate the potential
protumoral role of L1ICAM in ASPS cells. In
addition, conducting in vivo studies and clinical
trials could reveal the potential benefits of com-
bining ICIs with L1CAM-targeting drugs or
CAR-T cells. The findings related to the immune
microenvironment suggest potential avenues for
immunomodulatory interventions.

Conclusion

Our study highlights the potential of L1ICAM
expression in predicting survival in ASPS
patients. Future preclinical studies could fur-
ther investigate the potential protumoral role of
L1CAM in ASPS cells. In addition, conducting
in vivo studies and clinical trials could reveal the
potential benefits of combining ICIs with
L1CAM-targeting drugs or CAR-T cells. The

findings related to the immune microenviron-
ment suggest potential avenues for immu-
nomodulatory interventions.
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